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ABSTRACT

Educational technology research studies have found computer and software technologies
to be underutilized in U.S. classrooms. In general, many teachers have had difficulty
integrating computer and software technologies into learning activities and classroom
curriculums because specific technologies are ill-suited to their needs, or they lack the
ability to make effective use of these technologies. In the development of commercial
and business applications, participatory design approaches have been applied to facilitate
the direct participation of users in system analysis and design. Among the benefits of
participatory design include mutual learning between users and developers, envisionment
of software products and their use contexts, empowerment of users in analysis and
design, grounding of design in the practices of users, and growth of users as designers
and champions of technology. In the context of educational technology development,
these similar consequences of participatory design may lead to more appropriate and
effective education systems as well as greater capacities by teachers to apply and
integrate educational systems into their teaching and classroom practices.
We present a case study of a participatory design project that took place over a period of
two and one half years, and in which teachers and developers engaged in the participatory
analysis and design of a collaborative science learning environment. A significant aspect
of the project was the development methodology we followed—Progressive Design.
Progressive Design evolved as an integration of methods for participatory design,
ethnography, and scenario-based design. In this dissertation, we describe the Progressive
Design approach, how it was used, and its specific impacts and effects on the
development of educational systems and the social and cognitive growth of teachers.
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Executive Summary
Despite the rapid growth and availability of computer and Internet access in K-12
schools, educational studies have found that computer technology has been largely
underutilized in the American classroom (Byrom, 1998; Cohen, 1988; Silva and
Breuleux, 1994; U.S. Congress, Office of Technology Assessment, 1995; U.S.
Department of Education, Office of Educational Research and Improvement, 1998). This
under-utilization of computer technology may be attributed to the lack of teacher
involvement in the educational software system development process, and the lack of
effective integration strategies for incorporating educational technology into classroom
curriculums. Traditionally, teachers have very limited or non-existent roles in
educational software system development.
In recent years, various design techniques and approaches have emerged to
promote the participation of users in system development and to better capture and
represent work processes and contexts in the designs of software systems. Among such
approaches, participatory design (Floyd et al., 1989; Muller and Kuhn, 1995; Schuler and
Namioka, 1993) has garnered tremendous interest and support primarily in the
development of commercial and business applications. Participatory design may be
viewed as both a system development approach and philosophy that advocates the direct
participation of users and other stakeholders. More than token representatives of a design
team, users are compelled to conduct actual system analysis and design work with
software developers using real analysis and design techniques. Users’ participation in
system design and close interactions with developers promote specific benefits such as:
•

mutual learning between users and developers of one another’s fields,

•

envisionment of software products and their uses and impacts on the work
environment,

•

empowerment of users to make design decisions on matters that affect their
work,

•

grounding of analysis and design activities in the practice of users, and

1

•

development of new kind of user who has strong sense of ownership and
commitment to created software products.

We have evolved a participatory design approach called Progressive Design that
was developed to encompass the above principles. The over-arching hypothesis of this
dissertation is that the application of Progressive Design in the development of
educational technology will improve the practicality and relevance of the technology for
classroom education as well as improve the teacher’s ability to effectively integrate the
technology into his or her curriculum and classroom. Under this hypothesis, Progressive
Design emphasizes dual, complementary functions in supporting the technical
development of an educational system as well as the social and cognitive development of
the teacher. In the development of educational systems, Progressive Design aims to
produce systems that are better suited to support teachers, their curriculums, and the
classroom environment. In the development of teachers, Progressive Design strives to
educate, empower, and evolve teachers such that they are more capable of applying and
integrating the technology into their curriculums and classrooms.
To validate our hypothesis, we derived and carried out a case study that involved
the development of the Progressive Design model for designing educational systems,
application of Progressive Design to an educational technology system development
project, and evaluation of effectiveness and impact of Progressive Design on students,
teachers, and software products. Through the case study, we sought to investigate and
understand whether and how the advertised benefits of Progressive Design are realized in
the educational domain. Is Progressive Design a valid development approach for
educational systems?
Overall, the presented research advances the knowledge base in computer science
and educational technology in a number of ways including the
•

application of participatory design in the development of educational
technology,

•

study, formulation, and evaluation of an integrated participatory design model
that extends across the system development lifecycle,
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•

investigation of social and cognitive consequences of participatory design on
students and teachers,

•

investigation of system development processes in the development of
educational technology, and

•

particular emphasis on impacts of educational technology on teachers and
teaching (as opposed to students and learning).

Outside this dissertation, very little experience exists in the application of participatory
design towards the development of educational software.
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1

Research Problem
The availability of computer technology and Internet access in the K-12

classroom has exploded over the last decade. In a recent study of computer and Internet
usage in U.S. public schools (U.S. Department of Education, National Center for
Education Statistics, 2003), the U.S. Department of Education found that the percentage
of public K-12 schools with Internet access increased from 30% in 1994 to 99% in 2002.
More astounding, the percentage of individual classrooms with Internet access
dramatically increased from 3% in 1994 to 92% in 2002 (see Figure 1-1). Furthermore,
as shown in Figure 1-2, the ratio of students to computers with Internet access fell from
12.1 in 1998 to 4.8 in 2002. Overall, public K-12 schools had an average of 124
instructional computers per school (Snyder, 2003).

Figure 1-1. Percent of public school instruction rooms with Internet access:
1994-2002 (U.S. Department of Education, National Center for Education
Statistics, 2003, p. 4).

Yet, even with the exponential growth of computer and Internet access,
educational studies have found that computer technology has been largely underutilized
in the K-12 classroom (Byrom, 1998; Cohen, 1988; Silva and Breuleux, 1994; U.S.
Congress, Office of Technology Assessment, 1995; U.S. Department of Education,

4

Office of Educational Research and Improvement, 1998). For instance, in one study, the
U.S. Department of Education found that computers were used most heavily in computer
courses and infrequently in the teaching of traditional academic subjects such as English,
math, social studies, and science fields (U.S. Congress, Office of Technology
Assessment, 1995). Of the traditional courses, the students typically would only use
computers once or twice over the entire school year. The study further elaborated that
only 9 percent of English classes, 6-7 percent of math classes, and 2-3 percent of social
studies and science classes employed computers on at least 10 occasions during the
school year.

Figure 1-2. Ratio of public school to instructional computers with Internet
access (U.S. Department of Education, National Center for Education
Statistics, 2003, p. 8).

The under-utilization of computer technology in the K-12 classroom has generally
been attributed to difficulties in integrating computer technology with teachers’
curriculums. As the U.S. Congress, Office of Technology Assessment (1995, p. 130)
pronounces, “Curriculum integration is central if technology is to become a truly
effective educational resource, yet integration is a difficult, time-consuming, and
resource-intensive endeavor.” Continuing, the OTA concludes that the effective
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integration of a specific computer technology into a school’s or teacher’s curriculum is
likely to take up to five years to occur.
Educational researchers have identified a variety of factors that contribute to the
poor integration of computer technology in the K-12 classroom such as inadequate
teacher training (Honey and Hawkins, 1995; U.S. Congress, Office of Technology
Assessment, 1995; U.S. Department of Education, 1996), resistance to change by
teachers (Byrom, 1998), lack of awareness of computing capabilities and potential
(O’Neill et al., 1995; U.S. Congress, Office of Technology Assessment, 1995), lack of
time to experiment with computer technology and to develop prerequisite computer
expertise (U.S. Congress, Office of Technology Assessment, 1995), and lack of clear and
direct linkages to the teachers’ classroom curriculums and teaching strategies (Byrom,
1998; O’Neill et al., 1995; U.S. Department of Education, Office of Educational
Research and Improvement, 1998). For computer scientists and educational
technologists, all these contributors belie the underlying issue of how do we interact and
work with teachers to best support, promote, and evolve the effective integration of
computer technology into the K-12 classroom.
Integration emphasizes the central role of the teacher as the owner of the
classroom curriculum and the ultimate authority who decides whether and which
computer technologies are incorporated into his or her curriculum and classroom. As the
U.S. Congress, Office of Technology Assessment (1995, p. 4) asserts, the “center of
effective use of instructional technologies are those who oversee the daily activities of the
classroom – the teachers.” Unfortunately, the educational research community has rarely
focused on uncovering, examining, or elucidating the specific impacts of computer
technology on teachers. Historically, a greater emphasis has been placed on studying the
impacts of computer technology on students (U.S. Congress, Office of Technology
Assessment, 1995). Thus, the integration of computer technology into the teacher’s
curriculum is an important and wide-open educational and computer science research
issue that merits greater attention and study.
The integration issue may be attacked from many different research directions.
Some researchers have focused on the pedagogical attributes and consequences of
computer technology and how they support and improve specific teaching and learning
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outcomes (Gomez et al, 1995, Hiltz, 1993; Jonassen and Manadl, 1990; Kozma, 1991;
Newman and Goldman, 1987; O’Malley, 1995; O’Neill et al., 1995; Pea and Gomez,
1992). Others have examined how computer technology may be aligned with new,
revolutionary teaching approaches and serve as instruments that promote educational
reform (Kafai and Resnick, 1996; Papert, 1980; Scardamalia et al., 1989; Soloway et al.,
1996; Van Lehn, 1988; Wilson, 1996).
This dissertation examines the integration issue from the perspective of system
design. To a large extent, educational technology research has mainly characterized
educational software as pre-existing tools with known capabilities and functions. Under
this characterization, the issue of integration focuses on how the teacher would
effectively apply the tools to suit his or her curriculum and teaching strategies. This
presupposes that the educational tools have been initially designed to meet the needs and
requirements of teachers, students, and the classroom. In contrast, this dissertation
asserts that the integration of computer technology and curriculum should be considered
during the system development process. Consequently, integration does not only demand
that educational technology be effectively applied, but that the technology itself is
developed with classroom and pedagogical integration in mind. From this viewpoint, this
dissertation attempts to address the following problem.
Problem: Computer technology is underutilized in the K12 classroom.
Underutilization may in part be attributed to the lack of teacher involvement in
the educational software system development process, and the lack of effective
integration strategies for incorporating educational technology into classroom
curriculums.
Given the rarity of education technology research studies that focus on the role
and function of the teacher in the classroom, it should come as no surprise that an even
smaller amount of research has been conducted on the role and function of teachers in the
system development process. To a large extent, teachers have played a minor role or no
role at all in the development of educational systems. Of the studies that do involve
teachers in the system development process (e.g., Edelson, 1997; Jackson et al., 1996;
Cypher and Smith, 1996), most relegate teachers to the evaluation of educational
7

software after most of the pedagogical and technological features have already been
factored into the system.
The objective of this dissertation project is to derive and carry out a participatory
design process with teachers to develop an educational system, and then evaluate the
impact and effects of participatory design on teachers as well as the resultant software
products. We want to investigate and understand how the advertised benefits of
participatory design are realized in the educational domain. Is participatory design a
valid system development approach for educational systems?
1.1

Hypothesis

Participatory design may be viewed as both a system development approach and
philosophy that advocates the direct participation of users and other stakeholders. More
than token representatives of a design team, users are compelled to conduct actual system
analysis and design work with software developers using real analysis and design
techniques. The extended role of the user in system development and the deeper
interaction between user and developer poses specific requirements and demands on the
system analysis and design techniques that are employed. Techniques need to be
intuitive and usable by user and developer alike; they need the facilitate the sharing of
information and expertise among users and developers; they need to capture and evolve
from the experiences of the user and the context of his or her workplace; and they need to
be applied in an organized and principled fashion - ultimately leading to a final, concrete
design. A wide range of participatory analysis and design techniques have emerged to
address these needs (see Muller et al., 1997).
As a theory, participatory design promotes some specific ideas and benefits.
First, participatory design facilitates the mutual learning between the user and the
developer of their respective fields. Users come to understand how software developers
design systems, while software developers learn about the target domain. Second,
participatory design allows users and developers to better envision their final product and
its use and impact in the work environment. Users envision how a proposed system will
impact their work before the system is fully-implemented, delivered, and deployed.
Third, users are placed in a position of influence, where they are involved in making
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decisions on matters that affect their work. Users and developers are given more
equitable footing in the design of a system. Users are rightfully involved in the
development of a product that will change the way that they work. Fourth, participatory
design grounds analysis and design in the practice of the user. Users are encouraged to
elaborate their experiences to provide a clear picture of their work and the environment
and context in which it is carried out. Fifth, through increased participation and
empowerment, participatory design evolves and grooms a new kind of user – one who
possesses knowledge and skills in system design as well as a greater sense of ownership
of and commitment to the final software product. Many users involved in participatory
design projects become champions of the products long after the projects have completed
(Clement and Van den Besselaar, 1993).
The above objectives of participatory design address many of the issues we have
identified surrounding the integration of educational technology into the curriculum and
classroom. Yet, participatory design does not specify a single set of analysis and design
techniques. Rather, the field is comprised of hundreds of different techniques that vary in
the level and amount of user participation and in the stages of system development of
which they support (see Muller et al., 1997). We cannot assume that the use of any
participatory design method will derive the expressed benefits of participatory design.
More likely, we will need to incorporate, evolve, and integrate select techniques into an
overall development model in a principled and logical fashion to insure that we address
the specific needs and circumstances of the project. Thus, considerable effort must be
placed in designing an appropriate development model before we can evaluate the real
benefits and outcomes of participatory design on the development of educational systems.
In our case study, we created an instantiation of a participatory design approach called
Progressive Design (see Chapter 3) that was designed to embody the principles,
attributes, and benefits described above.
Progressive Design may provide students and teachers a means for sharing their
experiences and knowledge with developers and incorporating these experiences and
knowledge in the design of an educational software system. In addition, Progressive
Design would force teachers to think early on about how the technology with impact their
teaching and classrooms, while giving the teachers every opportunity to modify the
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design of that technology to better support various teaching demands and needs.
Furthermore, Progressive Design motivates teachers to continually envision the use of the
emerging technology. Teachers constantly evaluate how the technology fits within their
particular teaching styles and curriculums. Thus, teachers consider the pedagogical and
classroom integration of the technology as they help design it. Finally, through
Progressive Design, teachers may develop a greater sense of empowerment and
ownership in the educational technology and become champions of the technology, and
thus, will evangelize the teaching masses. The potential benefits of Progressive Design
to the integration of educational technology and teachers’ curriculums lead to the
following hypothesis.
Hypothesis: The application of Progressive Design in the development of
educational technology will improve the practicality and relevance of the
technology for classroom education as well as improve the teacher’s ability to
effectively integrate the technology into her curriculum and classroom.
Progressive Design emphasizes dual, complementary functions in supporting the
technical development of an educational system as well as the social and cognitive
development of the teacher. In the development of educational systems, Progressive
Design aims to produce systems that are better suited to support teachers, their
curriculums, and the classroom environment. In the development of teachers,
Progressive Design strives to educate, empower, and evolve teachers such that they are
more capable of applying and integrating the technology into their curriculums and
classrooms. These dual perspectives encapsulate our field of investigation. We want to
qualify the ways that Progressive Design may improve or enhance educational systems
and the teaching abilities of teachers, and apply these qualifications as propositions for
our research to address. We draw these propositions from the general objectives of
Progressive Design and from our experiences in and implications arising from the
specific application of Progressive Design in the development of educational technology.
From the system development perspective, we hope to demonstrate that the
educational technology we develop is more in tune with the authentic teaching processes
and classroom environments. We can illustrate this notion by validating a number of
10

propositions. First, the direct participation of students and teachers in software analysis
and design brings their judgments, experiences, and knowledge into the system
development process. As a result, we theorize that the educational systems we develop
using Progressive Design better represent the context in which students learn and teachers
teach. This leads to our first proposition.
Proposition 1: Progressive Design will specify educational systems that capture
and incorporate the authentic learning, teaching, and classroom context.
Beyond capturing the learning, teaching, and the classroom context, we need to
relate this context to the needs and requirements of students and teachers. One may argue
that the basis of any system design process is to develop computer-based features to
address a set of user requirements. In Progressive Design, however, comprehending and
capturing work and cognitive processes are also of critical importance in analysis and
design. A practical objective of Progressive Design in the development of educational
technology would be to link learning and teaching requirements to computer technology
in a way that provides real value, impact, and meaning to the students and teachers. This
leads to our second proposition.
Proposition 2: Progressive Design will specify educational systems that
effectively integrate technological capabilities and pedagogical requirements.
An underlying concept of Progressive Design is that computer systems are
developed to “enhance workplace skills rather than degrade or rationalize them”
(Greenbaum and Kyng, 1991, p. 1-2). One of the reasons for bringing users into the
development process is to allow users to have a voice in specifying how their work or
practice is impacted and improved through the addition of computer systems.
Correspondingly, students and teachers involved in Progressive Design participate in
specifying how learning and teaching is impacted and improved through the addition of
computer-based educational technology. This leads to our third proposition.
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Proposition 3: Progressive Design will specify educational systems that will
support and extend the learning and teaching functions and/or capabilities of
students and teachers.
An important notion in Progressive Design is the envisionment of future work
activities involving new systems and tools. For teachers, the envisionment of future uses
may lead to the envisionment of future learning activities. More so then for other
domains, developing and capturing the envisionment of future activities is a critical
outcome in the application of Progressive Design for education. Developing the capacity
to effectively design computer-based learning activities goes a long ways towards
addressing the greater pedagogical issue of how to effectively integrate computer
technology into the K-12 classroom. This leads to our fourth proposition.
Proposition 4: Progressive Design will support the envisionment of specific
learning activities that utilize emerging educational systems.
From the user development perspective, we would like to show that teachers do,
in fact, grow and progress in their roles as designers and technologists. We may validate
this theory through yet another set of propositions. Progressive Design emphasizes the
direct participation of users in the analysis and design processes. For education, this
requires that students and teachers participate in analysis and design. For the
participation to be meaningful, students and teachers should carry out the same processes
as developers, apply the same methods and tools, and the results of their participation
should lead directly to the design of educational systems. This leads to our fifth
proposition.
Proposition 5: Progressive Design will allow students and teachers to directly
participate in software analysis and design in meaningful and productive ways.
As teachers participate in analysis and design activities, they interact with
developers to evolve shared goals and tackle shared tasks. In this sense, Progressive
Design promotes a working environment and interaction space for teachers and
developers to brainstorm and share ideas. In this context, teachers and developers learn
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and adjust to function as a group. Progressive Design provides a particular context and
opportunity for teachers and developers to engage and to partake in social grounding –
allowing participants to establish social protocols and a group identity. This leads to our
sixth proposition.
Proposition 6: Progressive Design will provide a shared working environment
and context that facilitates and promotes social grounding and the establishment
of a group identity.
Another important principle of Progressive Design is the notion of mutual
learning among the participants of a development team and their respective fields. In
applying Progressive Design in the development of educational software systems,
developers learn about the learning and teaching approaches that students and teachers
apply and the environment in which learning and teaching takes place. Conversely,
students and teachers learn and experience the processes that developers carry out when
they analyze, design, and implement software systems. This leads to our seventh
proposition.
Proposition 7: Progressive Design will promote the cross-fertilization of ideas,
knowledge, and experiences between teachers and developers of their respective
fields.
Progressive Design presumes that all stakeholders have comparable status and
footing in the system development process. For teachers to effectively conduct analysis
and design, they must wield power and control in the design of educational systems
comparable to that of developers. A lack of power and control among teachers would
lessen the teachers’ impact on the design of educational systems, and thus, lessen the
extent to which software products reflect teachers’ goals, pedagogies, and classroom
environments, and the degree to which teachers commit to and apply the software
products in their teachings. This leads to our eighth proposition.
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Proposition 8: Progressive Design will establish an atmosphere of shared
responsibility, distributed empowerment, and mutual control between teachers
and developers.
Progressive Design is likely to promote specific cognitive consequences for the
teacher – forever changing the teacher’s view and role. The teacher’s view of technology
may change to become more aware and accepting of it. The teacher’s role may change to
one of a technologist that knows how to design and apply systems to better serve
pedagogical objectives. From the teachers’ participation in system development, we
expect that some teachers will emerge as technology champions that will promote the
technology to other teachers to advance both the fields of education and educational
technology. This leads to our ninth and final proposition.
Proposition 9: Progressive Design will transform and broaden the pedagogical
and technical views and capabilities of teachers.
With respect to the development of educational systems, participatory methods
have not been significantly applied nor studied. In fact, very little research or evaluation
has been conducted on the actual design processes involved in developing educational
technology. Rather, the bulk of educational technology research has focused on the
application of an educational tool after it has been developed. The usefulness and
usability of an educational system and its ability to be effectively integrated into a
teacher’s curriculum, however, depends heavily on how the system was originally
designed and how much input students and teachers provided in that design.
1.2

Validating the Hypothesis

To validate our hypothesis that the application of Progressive Design in the
development of educational technology will improve the practicality and relevance of the
technology for classroom education as well as improve the teacher’s ability to effectively
integrate the technology into his or her curriculum and classroom, we will conduct the
following research stages:
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•

develop the Progressive Design methodology for designing educational
systems,

•

apply Progressive Design on an educational technology system development
project, and

•

evaluate effectiveness and impact of Progressive Design on the software
product and the teacher.

The first stage of defining the Progressive Design methodology is required out of
practical necessity. As previously described, a large number of analysis and design
techniques have been associated with participatory design (see Muller et al., 1997).
These techniques vary in the level of user participation and in the kinds of user-developer
interactions. From a practical standpoint, a project must choose from the pool of
participatory design methods and integrate them into a working development model if it
has any hopes of managing the design process. Furthermore, if we wish to fully realize
the touted benefits of participatory design in the products we deliver, we must provide a
logical application path from analysis to design to implementation that provides the most
optimal conditions for the benefits to materialize. We recognize that the social and
cognitive aspects of participatory design are most important, but these features may be
lost in the final product if there is no coherent and connected development process to
bring those qualities home.
In defining Progressive Design, we will look carefully at the inherent traits of
educational technology, the learning and teaching context, and the classroom
environment. We will then construct the Progressive Design methodology based on the
analysis of these traits. To date, little research has been devoted towards evaluating
participatory design methods, determining their key characteristics, and integrating them
into an overall, coherent software engineering strategy (Silva and Breuleux, 1994).
Once the Progressive Design methodology has been defined, we will then apply it
in the classroom with students and teachers. This will represent the data collection stage
of our research. We will apply the methods of Progressive Design, observe and
document their use by and impact on students and teachers, and collect resultant analysis
and design artifacts.
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Next, we will evaluate the results of our application of Progressive Design. As
we have described earlier, the hypothesis of our research are twofold: Progressive
Design will improve the design of an educational software product and Progressive
Design will enhance the teacher’s ability to integrate technology into her curriculum and
classroom. Thus, we will evaluate our case study results from the perspective of both the
system and the user. From the system’s perspective, we will analyze collected design
artifacts and developed educational systems to identify their attributes, study their
evolution, and verify whether they supported our research propositions or predictions
regarding the system. From the user’s perspective, we will interview teachers and
developers, and analyze their behaviors during analysis, design, and application of
educational software to assess their cognitive, social, and technical development. This
evaluation will be aimed towards validating our research propositions or predictions
regarding the social and cognitive development of teachers and developers.
1.3

Roles and Participation of Teachers and Students

K-12 education represents a non-traditional domain and context for participatory
design. Most participatory design projects are instituted in an industrial or professional
setting where the worker or the professional is considered the primary user of proposed
technology. With educational technology, however, students and teachers represent two
different classes of users with different objectives and needs. Because of the emphasis
on curriculum and classroom integration, this dissertation places a greater emphasis on
the role and participation of teachers over those of students. Nevertheless, both teachers
and students are important stakeholders in the development of education technology, and
both play significant roles in our case study.
Technology usage is very much different between the industrial and the
educational setting. While the worker generally applies computers to perform specific job
functions, the teacher applies computers to teach lessons and the student applies
computers to learn concepts. While the worker possesses freedom and control to apply
computer systems in ways he or she finds best suited to accommodate his or her specific
work duties, the student applies the computer in a manner that is imposed by the teacher
to maximize the student’s learning potential. In a sense, the teacher predicts and
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predefines the activities and actions of the student by designing, implementing, and
deploying computer-based lessons.
One of the goals of Progressive Design is to envision and project the usage of a
computer system before that system is fully developed and deployed. The envisionment
is useful because it considers and captures the work activities of the user early during
system design. For education, however, the need of envisionment is not to only capture
the specific learning activities and context associated with the student, but to also capture
the practical and pedagogical context that is embedded in the teacher’s lessons. The
lessons essentially prescribe the usage of computer tools to fulfill specific educational
goals of the teacher. Thus, the student applies a computer tool within a larger
pedagogical framework established by the teacher in the design of the lesson.
Furthermore, teachers have the final authority on whether an educational system
is deployed in the classroom and on how that system is generally applied. They are the
creators and the owners of the educational activities or lessons that are ultimately
assigned to students. Thus, for educational systems to have usefulness and impact in the
classroom, they must support and augment the educational activities that teachers define.
For these reasons, this case study focuses on the teacher as the featured stakeholder in the
development of educational technology and considers the participation of teachers as
essential.
Students, however, do operate within the structure and confines of the lesson.
Their learning is affected not only by the lesson, but by other factors such as learning
style, computer competence, social interaction, cognitive development, and physical
classroom environment. Teachers often consider such factors when they design lessons
and educational activities. In our case study, we also wish to consider such factors in the
design of educational software systems and Progressive Design provides a framework for
capturing these properties of the learning context. Moreover, since we are positioning
Progressive Design as an approach to design both educational systems and learning
activities, student participation would simultaneously provide direct input into both
design activities and their corresponding products.
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1.4

Advancing the Knowledge Base

As we have documented throughout this chapter, this dissertation advances the
knowledge base in computer science and educational technology in a variety of ways.
The primary contribution of the research is to evaluate the impact and consequences of
applying Progressive Design in the development of educational technology. Participatory
design has been applied to a variety of domains (Clement and Van den Besselaar, 1993),
but has had very little influence and impact on education. We argue that Progressive
Design is in fact very well suited for the development of educational technology and for
application in the classroom context.
In studying Progressive Design in the educational setting, we take an extended,
comprehensive view of participatory design. We carry out and examine the process of
deriving a logical participatory design model, applying it, and then evaluating its effects.
Up to this point, participatory design researchers have focused mainly on the social
aspects of participatory design, while largely ignoring process and methodological issues
(Brown, 1997). Typically, during system development, specific participatory design
methods are applied in piecemeal fashion to forge interaction between users and
developers (Bødker et al., 1987; Floyd, 1993; Grønbaek et al., 1993). Little effort has
gone into studying how participatory design methods impacts and integrates into the
system development process. In our research, we examine issues of integration and
derive a participatory design model that extends across system development lifecycle.
We argue that every system development effort must deal with process and methodology
and that issues of integration of participatory design methods cannot be conveniently
ignored if participatory design is to be effectively applied.
Beyond the social effects of Progressive Design, our extended view also examines
the cognitive consequences of Progressive Design on teachers. Progressive Design
changes the teacher’s perception of technology and teaching. Teachers develop and
establish new roles as they develop and work with the technology and technologists.
This research examines the cognitive transformations, changing perceptions, and
emerging roles of teachers.
As we have described, a large portion of the research is centered on the evaluation
of Progressive Design in the educational context. We evaluate the effects and
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consequences of Progressive Design on both the designed products and the teachers. To
date, although a large number of projects claim to have applied participatory design
methods (Muller et al. 1997), very little research has been conducted to evaluate their
effects. Through interviews, questionnaires, ethnographic methods, and the analysis of
design artifacts, we will evaluate the social, cognitive, and developmental consequences
of Progressive Design.
From the educational perspective, the research will conduct and study a system
development process that directly involves teachers. To date, little research has been
conducted on development processes and methodologies for building educational
technology. The focus has been largely on the use of educational technology rather than
development. Yet, many educational technology projects do exist and many tools have
been developed. The question of how educational technology should be designed and
developed to support teaching and learning is a relevant one that merits further study.
This research addresses the development question from the view of the Progressive
Design methodology.
One premise of our research is that teachers should be directly involved in the
design of an educational system to make the product more useful and relevant to
teaching, learning, and the classroom environment. We want to develop educational
technology that is more usable by teachers and more applicable to their curriculums.
Emphasis on the teacher is critical, since they have the ultimate power and control to
decide whether a specific educational tool is deployed in her classroom. To date, most
educational technology studies have concentrated on the impact of tools on students and
learning (U.S. Congress, Office of Technology Assessment, 1995). The impact of
educational technology on teachers and teaching has largely a secondary concern. In
contrast, this research does study the effects of educational technology on teachers, but
from the perspective of designing educational software and computer-based learning
activities.
Various aspects of the research presented in this dissertation have been published
in computer science journals and conference proceedings (see Appendix A: Abstracts
from Published Papers for summaries of published work).
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1.5

Research Design and Methods

This dissertation has been organized in the form of a case study. The contained
research is “breaking new ground” in a variety of research areas. As we previously
discussed, the areas that are relatively unexplored in existing research include the
application of participatory design to education, derivation and use of an integrated
participatory design development model, study of cognitive participatory design
consequences, evaluation of participatory design outcomes and results, and study of
educational technology’s impact on teachers. Since very little findings and information
in these specific areas exist, the nature of the research is exploratory. We cannot rely on
significant past research to base or orient our research, and thus, making predictions on
research outcomes is very speculative.
The exploratory, authentic nature of our research points towards the case study as
a logical research method. In (Yin, 1994), Yin provides a detailed description of case
study research. In the discussion, Yin elaborates various research conditions for which
case study research is particularly applicable. We highlight the relevance of the case
study method to our own research by connecting Yin’s conditions to the attributes and
context of our study.
Case study research is effective in describing the real-life context in which an
intervention has occurred (Yin, 1994). For our research, the “real-life context” is the K12 classroom, while the “intervention” is deployment of Progressive Design.
Participatory design places a heavy emphasis on starting analysis and design from the
actual workplace (Silva and Breuleux, 1994). In this study, we apply Progressive Design
in the authentic classroom setting. The goal is to evaluate the benefits, consequences,
and effects of Progressive Design on the development of educational software and K-12
education. Conducting the research in the classroom is critical because it allows us to
observe students and teachers in their normal activities, to introduce technology and
activities into the classroom to gage practical issues of usefulness and usability, and to
provide teachers with “on-the-job” training of methods, tools, and technologies.
Case study research is effective in exploring those situations in which the
boundaries between phenomenon and context are not clearly evident (Yin, 1994). In our
research, we deploy Progressive Design in the authentic classroom environment for the
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reasons described above. Progressive Design is directly applied in a teaching and
learning context. Thus, the consequences and outcomes of our study may be attributed to
Progressive Design and/or other contributing factors from the pedagogical environment.
Furthermore, an objective of Progressive Design is to integrate the design of education
software with the design of educational activities or lessons. Educational systems and
classroom lessons are naturally connected and dependent. The design of educational
software should be driven by the requirements of the classroom and the curriculum.
Conversely, the design of teaching lessons should be based on the tools and technologies
available. Thus, with Progressive Design, software and lesson design activities are
combined in a unified development context.
Case study research is applicable in eliciting the causal links in real-life
interventions that may be complex (Yin, 1994). In the outcomes of our study, we look
for causal relationships that link social, cognitive, process, and product consequences
back to the Progressive Design methodology that had been applied. Progressive Design,
however, is a comprehensive process that incorporates a variety of different analysis and
design techniques and involves a number of different phases. Thus, both the intervention
and the outcomes are comprehensive and complex.
Case study research is useful in exploring those situations in which the
intervention being evaluated has no clear, single set of outcomes (Yin, 1994). In our
research, we are seeking results from a number of different directions. We will examine
a variety of potential outcomes such as social effects, cognitive effects, product attributes,
and development process attributes. To a large extent, we cannot anticipate beforehand
which specific effects and attributes may emerge from our study. Thus, the outcomes of
the research are expected to be diverse but initially uncertain.
Given the four experimental conditions above, the case study method represents a
viable and appropriate research method for our study.
1.6

Scope of Research

The focus of the proposed research is on human-computer interaction (HCI)
design. Our investigation of ethnography, SBD, and participatory design hones in on the
user experience as we study the context in which users work, and provide analysis and
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design tools that users may apply. Our design objective is to define the basic user
capabilities that a computer system should provide. As the same time, we want to design
how users employ the computer system to satisfy their work, goals, and needs.
The proposed research does not address software design and architecture. We are
not concerned with how software is structured or implemented as long as it supports the
needs of the user. We expect software developers to apply other design methods to flesh
out the details of the software design. Our main objective in this respect is that any
design solution we envision and specify must be comprehensible to system developers
and sufficient for them to proceed with software design.
1.7

Research Setting

The case study was conducted as part of a larger educational technology project
funded by the National Science Foundation’s Networked Infrastructure for Education
(NIE) program. The project, Learning in Networked Communities (LiNC), was a
collaborative research effort between Virginia Tech and Montgomery County (VA)
Public Schools. The LiNC project developed and evaluated networked collaborative
learning tools in support of middle and high school science education (Carroll et al.,
2000; Chin et al., 1997; Koenemann et al., 1998).
The LiNC project took advantage of local network infrastructure in Blacksburg,
Virginia. As the result of a research effort among Virginia Tech, Bell Atlantic, and the
town of Blacksburg, the Blacksburg area has been transformed into an on-line, computernetworked community known as the Blacksburg Electronic Village (BEV). Blacksburg
is home to Virginia Tech and is one of the major towns in Montgomery County. Schools
and homes in Blacksburg and in the other neighboring towns of Montgomery County
have been connected via high-speed T1 networked connections. BEV’s networked
foundation provides an ideal environment for the study of collaborative and educational
tools and computing environments.
The teachers and students participating on the LiNC project and in this specific
study came from four different schools in Montgomery County: Blacksburg Middle
School (BMS), Blacksburg High School (BHS), Auburn Middle School (AMS), and
Auburn High School (AHS). One teacher from each of these schools and his/her classes
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participated. In our study, the two middle school teachers were female and taught middle
school physical science, while the two high school teachers were male and taught
physics. BMS and BHS are both located in Blacksburg, Virginia. Home of Virginia
Tech, Blacksburg is a college town with a population of approximately 39,000. AMS
and AHS are both located in Riner, Virginia, which is a small rural farming community
with a population of approximately 2,900. On LiNC, the participating schools and
classes were selected for reasons of comparison. LiNC researchers wished to compare
the effectiveness and utility of networked technologies across different age groups
(middle school versus high school) and local environments (rural versus urban).
Furthermore, LiNC developed a functional prototype of a collaborative science
learning environment called the Virtual School. The prototype was deployed in the four
participating schools. The participatory development approach presented in this
dissertation was derived and applied as a system development methodology in the
analysis, design, and evaluation of the Virtual School. Thus, the details and findings of
this case study are predominantly based on our experiences with the Virtual School and
with the LiNC project.
1.8

Dissertation Outline

The research work carried out in our case study fall along the following three
main activities:
•

develop the Progressive Design methodology based on established
participatory design principles,

•

implement and apply Progressive Design in the development of a sciencebased learning environment, and

•

assess the effectiveness and viability of Progressive Design for educational
software system development.

This dissertation conveys results and findings from these research activities.
This chapter, Chapter 1, summarizes the problems confronting the education
establishment in bringing and integrating educational software into the K-12 science
classroom. It also introduces and explains the main hypothesis that the application of
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Progressive Design will improve the classroom practicality and relevance of educational
software as well as the teacher’s ability to integrate the software technology into his or
her curriculum and classroom. Chapter 2 further elaborates the key educational software
system development issues that are summarized in this chapter and surveys the analysis
and design fields of participatory design, ethnographic analysis, and scenario-based
design as potential approaches towards addressing those development issues. Chapter 3
describes the overall Progressive Design methodology along with the principles and
methods that belie the methodology. Chapter 4 describes the details of applying
Progressive Design in our case study. Chapter 5-9 present the key analysis and design
artifacts that were generated during the course of applying Progressive Design in the
forms of ethnographic results, claims, scenarios, themes, and user interface designs.
These artifacts are the analysis and design products of our educational software system
development process. Chapter 10 evaluates our original hypothesis and its associated
propositions by analyzing collected analysis and design artifacts, questionnaire results,
and interview feedback from teachers and developers. Chapter 11 summarizes our results
and conclusions, and discusses lessons learned as well as some of the more prominent or
critical aspects of the case study.
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2

Research Background
Today, a variety of problems and issues beset, block, or limit teachers’ abilities to

deploy and apply educational software tools in their classrooms. Although many of these
issues are caused by political or organizational factors and barriers, some are also
indicative of the way that the educational software is developed. In many cases,
educational software is simply incompatible with learning and teaching processes and/or
the classroom context and environment. Yet, these issues are hardly unique to the
educational community. Traditional system development approaches and techniques
generally do not specifically model nor consider work processes and contexts (Kuutti,
1995). Consequently, software products for most any domain may not be in tune with the
work activities that they were developed to support. Thus, we are in need of advanced
design methods and frameworks that will allow us to capture, analyze, and design from
existing or envisioned work processes and contexts.
This chapter provides background for our research from two different
perspectives. First, we describe various system development issues that confront teachers
and developers in the construction of educational software systems as they relate to
teaching and learning processes and the overall educational context. Second, from a
more general view, we describe prominent approaches or fields that have been applied
towards and/or show promise in capturing work processes and contexts, and
incorporating and integrating them into system designs.
2.1

Educational Technology Development Issues

As presented early in Chapter 1, computer technology is largely under-utilized by
teachers despite its abundance in K-12 classrooms. This under-utilization is often
attributed to issues and problems in the integration of educational computer tools and
software with teachers’ curriculums. To illustrate, in one study (U.S. Department of
Education, National Center for Education Statistics, 2001), teachers were queried
regarding their preparedness for using computers and the Internet in classroom
instruction. In the study, 33% of teacher respondents felt well or very well prepared to
assign their students work using computers and the Internet, while 53% felt only
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somewhat prepared or not prepared at all (see Figure 2-1). In a related study (U.S.
Department of Education, National Center for Education Statistics, 2000), 59% of teacher
respondents complained that the lack of good instructional software was a moderate or
great barrier to their use of computers and the internet for instruction. This lack of
effective use of computer technology in the K-12 classroom is of a growing concern to
US educators. As Byrom (1998, p. 3) laments, “when you consider the fact that
microcomputers have been in schools for almost twenty years, and considering that most
teachers have participated in some type of professional development, it is still surprising
to see how many teachers there are who do not use technology at all.” Educational
researchers have elaborated various reasons as to why teachers are not applying
computers and educational software systems more frequently.

Figure 2-1. Readiness to use technology: Percentage distribution of
public school teachers according to how well prepared they felt to use
computers and the Internet for classroom instruction in 1999, by
number of years of teaching experience (U.S. Department of Education,
National Center for Education Statistics, 2001, p. 66).
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2.1.1

Lack of Classroom Context

Educational software systems generally promote specific pedagogical theories,
concepts, and models. For example, CoViz (Edelson, 1997) emphasizes communities of
practice (Wenger, 1998), Model-It (Jackson et al., 1996) promotes learner-centered
design (Soloway et al., 1996), Logo (Papert, 1980; Resnick and Ocko, 1991) focuses on
constructivist theory (Bruner, 1966), and KidSim (Cypher and Smith, 1996) emphasizes
programming by example (Smith et al., 2000). In educational research and development
efforts such as these, the design of educational technology and its deployment into the
classroom are largely driven by research concerns. Educational technologists may be
interested in examining the effects of new technology in the classroom or a novel
teaching approach that is integrated into the technology. Less likely are the design and
deployment of educational technology driven by the real, practical needs of teachers and
their classrooms. Instead, teachers and students are often asked to apply computer tools
whose purposes are not fully understood and whose objectives may not be well aligned
with its users.
Computer-based educational systems are often viewed as another kind of
educational resource in the teacher’s arsenal of teaching tools. Teachers are to simply
select educational systems and adapt them to their specific curriculums, teaching
strategies, and classrooms much like they might adapt lessons out of a textbook or pieces
of equipment for an experiment. As we have alluded, the problem with this view is that
computer-based educational systems are designed along specific pedagogical objectives
and theories. While teachers generally have widespread freedom to dissect, re-assemble,
and adapt components of lessons and physical equipment, they do not have similar
control over and flexibility with computer-based systems since the educational concepts
are built-in.
In many cases, educational technology may simply be out of tune with the
practicalities of teaching and the context of the classroom. Does specific educational
technology realize concrete benefits to teaching and learning? The models that
educational systems establish may be theoretical sound, but can they be implemented in
the classroom and do they have any real meaning to teachers? In our case study, the
teachers had varying levels of knowledge of educational theories – ranging from little
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awareness to understanding of some theoretical pedagogical concepts and techniques.
None of the teachers in our study felt comfortable quantifying their teaching styles along
the lines of specific pedagogical approaches such as cooperative learning (Putnum, 1997;
Slavin, 1995), problem-based learning (Albanese and Mitchell, 1993; Stepien et al.,
1993) cognitive apprenticeship (Brown et al., 1989; Collins et al., 1991), or anchored
instruction (Cognition and Technology Group at Vanderbilt, 1992). Rather, the teachers
often referred to their personal teaching styles as an agglomeration of ideas and activities
pulled together from different textbooks and teaching resources, and refined from many
years of teaching experience.
To facilitate effective use, educational technology must be complementary and
consistent with the objectives, philosophies, and teaching styles of teachers. If specific
educational technology is not purposeful, useful, or accessible, it will likely be discarded
by teachers as another newfangled idea that fails to meet the realities of teaching and the
classroom. As stressed by Maloy (1993, p. 3):
The fact remains, however, that even the most persuasive and applicable findings
of science will languish unless teachers can put them into practice. Thus, if one
challenge to cognitive science is to test and refine its findings until they can
support truly effective reforms, another, inseparable challenge is to understand
the texture and the daily tensions of a teacher’s life. Research cannot begin to
recommend or design realistic new strategies for instruction without being deeply
familiar with the world in which reforms must take hold.
Relating Maloy’s argument to the development and deployment of educational
technology, we assert that educational systems should arise from a thorough
understanding of the classroom context and the educational practice.
2.1.2

Inability to Integrate Educational Software into Curricula

Educational researchers often mention the lack of teacher training as a critical
barrier to the effective integration of educational technology into the classroom (Honey
and Hawkins, 1996; U.S. Department of Education, 1996; U.S. Congress, Office of
Technology Assessment 1995). In a recent study, 72% of teachers interviewed feel that
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the lack of time to learn, practice, and plan ways to use computers or the Internet is a
moderate or great barrier to their use of those technologies for instruction (U.S.
Department of Education, National Center for Education Statistics, 2001). The issue of
teacher training, however, is complex and far-reaching. In most cases, teacher training is
directed towards revealing the features, capabilities, and potential of educational
technology as well as providing teachers with hands-on experience (O’Neill et al., 1995;
U.S. Congress, Office of Technology Assessment, 1995). Teachers need to develop
certain levels of expertise, proficiency, and comfort with specific educational tools before
they may effectively apply those tools in the classroom.
Yet, merely learning the operation of specific technologies is not enough.
Teachers need not only know how to operate specific technologies, but also effectively
apply the technology within their teaching objectives, curriculums, and physical
classrooms. Educational researchers continually emphasize the need to find real and
beneficial uses for computer technology in the classroom. It is the teacher, however, that
must identify and realize those uses in order for educational technology to take hold in
the classroom. Not surprisingly, Byrom (1998, p. 3) found that “teachers have a difficult
time applying technology skills in the classroom unless there is a direct linkage with the
curriculum, teaching strategies, or improvement in achievement.” Thus, if the linkage is
not immediately evident, the teacher may simply choose to dismiss the educational
technology altogether.
In fact, we believe that the application of computer technology in K-12 education
is often incorrectly framed. The ultimate target in applying educational technology is to
improve conditions for learning. Thus, the teachers’ goals and activities should drive the
use of the technology rather than the technology driving the teachers’ goals and activities
(U.S. Department of Education, 1995/1996). Ideally, teachers should develop their
teaching objectives and plans first and then evaluate how various educational
technologies may be applied to support those objectives and plans, rather than becoming
fixated on specific technologies and then forcing those technologies onto their teaching
approaches and curriculums.
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2.1.3

Lack of Teacher Involvement in Development Process

The two educational technology development issues we have thus far described
point to the more general problem of the lack of teacher participation in technology
development and classroom deployment (Plomp and Akker, 1988; Schultz and
Higginbotham-Wheat, 1991). Educational software systems are being designed and
deployed without adequate representation and input from teachers. This theory rings true
with many of the educational software system development projects we previously
mentioned. For instance, the CoViz (Edelson, 1997), Model-It (Jackson et al., 1996), and
KidSim (Cypher and Smith, 1996) projects all employed teachers and students late in the
development process after all the educational theories and concepts, and most of the
technological features have already been integrated into the educational software. In
general, teachers have very limited opportunity to modify educational software to better
suit their particular teaching styles and classroom contexts.
For the most part, the role of teachers and students in the development of
educational software has largely been one of evaluation. Educational technologists and
computer scientists typically design and implement educational environments and tools,
and then introduce these systems into the classroom to evaluate their effectiveness. The
teachers of our case study were familiar with this role. They each had known of and/or
been involved in past educational software development projects where teachers were
simply handed computers and fully-developed software to test in their classrooms.
Traditionally, students and teachers play very restricted functions in defining the
content of educational software systems. Given tools that teachers have no role in
designing and limited capacity to adapt, educational software may convey a sense of
disempowerment to teachers. The teacher is no longer the shaper, conveyer, and
facilitator of knowledge and ideas, but rather becomes the operator of tools. The practice
of teaching is then relegated to the educational technology in use. Under such
perceptions, the finding that many teachers opt to minimize the use of educational
software systems in their curriculums and classrooms is unsurprising.
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2.2

Defining an Educational System Development Approach

The previous sections describe the current environment in which educational
software is developed and deployed, and identifies key issues that limit the effective
design and application of educational software. As discussed, traditional development
processes fail to capture the classroom context, properly integrate educational software
into the teacher’s curriculum and teaching activities, and actively involve students and
teachers in system design activities. As a result, educational software systems are often
discarded because they fail to meet the practical needs of teachers and students.
The problems and issues we have detailed surrounding the development of
educational software systems are not specific to the education field. Rather, a growing
amount of research is being focused on the capture, analysis, and support of work
processes and contexts. Preece (1994, p. 373) writes, “All human actions take place
within wider contexts, or situations.” To effectively build computer systems, we must
not only consider the problem or need at hand, but also the encompassing situation or
context in which the problem or need lie. As emphasized by Kuutti (1995, p. 25),
The use of computer systems is never an end in itself; computers are used for
something, and the use is always embedded in situations and becomes meaningful
through those situations.
Similarly, Floyd (1988) emphasizes the need to shift system design from a
product-oriented to a process-oriented perspective. Traditional system design is productoriented – focusing on constructing and assembling software components on a base
machine. From this perspective, user requirements for the software product are assumed
to be well known and mostly unchanging. In contrast, the process-oriented perspective
considers the software “in connection with human learning, work, and communication,
taking place in an evolving world and changing needs” (Floyd, 1988, p. 26). The focus
of design in the latter case moves away from the target software product towards the use
of the product by users within dynamic work processes. Current system design
approaches are generally product-oriented, which gives rise to Floyd’s complaint that
they fail to “treat systematically questions pertaining to the relationship between software
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and the living human world, which are of paramount importance for the adequacy of
software to fulfill human needs” (Floyd, 1988, p. 26).
These views stress the current condition that “system analysis and design is in
need of new conceptualizations and theories of work processes” (Kuutti, 1995, p. 33).
Some preliminary theoretical research in these directions have been explored in recent
years in fields such as phenomenology (Ehn, 1988; Winograd and Flores, 1987),
distributed cognition (Hutchins, 1995; Rogers and Ellis, 1994), and activity theory
(Bødker, 1989; Kuutti, 1991). Yet, in HCI, we often seek to identify, develop, and
institute practical methods first to address the immediate needs of system development,
and then derive the theory behind those methods afterwards.
A key objective of our case study is to create an appropriate development model
that is suitable to the needs of both teachers and developers – permitting teachers to
effectively analyze, design, and deploy educational software for their classrooms, while
allowing developers to comprehend the educational context and practice, and integrate
real-world requirements and design criteria into the educational systems they implement.
Such a model sits at the cross-section of the disciplines of software engineering and
education. A relevant question is from where do we draw concepts and methods to
construct an appropriate educational software system development model?
Today, most existing system design approaches do not model or capture work
processes and contexts but rather focus on specific user interactions that map to software
features. Various trends in HCI and computer-supported cooperative work (CSCW),
however, are extending the boundaries of traditional system design to better focus on
various human aspects such as the user activity in which a system is employed, the social
and organizational context of the workplace, and the direct participation of users in the
design process. Among the most prominent analysis and design approaches researched
and applied in these areas, ethnography, scenario-based design, and participatory design
are approaches and/or fields that have garnered significant interest and use.
Ethnography, scenario-based design, and participatory design are all practical
approaches that have evolved to capture and represent work processes, but they do so
from different perspectives. Ethnography provides methods for observing and analyzing
the workplace in its natural state. Scenario-based design provides concrete, use-oriented
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analysis and design representations for capturing and describing work processes and
contexts. Participatory design is more of a system development philosophy that stresses
the direct participation of users in analysis and design functions. Our system
development approach aims to integrate these emerging fields into a coherent, workable,
and guiding analysis and design methodology.
In the remainder of this chapter, we discuss the general background of
participatory design, ethnographic methods, and scenario-based design, including the key
concepts and philosophies they promote, their relevance to system design, the practical
methods that comprise them, and their applications to education.
2.2.1

Participatory Design

Participatory design is a design approach and philosophy that advocates the direct
participation of users and other stakeholders in system analysis and design work (Ehn,
1988; Floyd et al., 1989). In participatory design, the workplace holds special
significance. Unlike more traditional evaluation approaches where software applications
are created with users in usability laboratories (Fowler et al., 1994, Wixon and Wilson,
1997), participatory design emphasizes the requirement that software tools are designed
in the context in which they will eventually be deployed. Participatory design has a
number of useful characteristics that are relevant to the issues we have defined for the
development of educational software. Among these are support for mutual learning
between user and designer, application of design tools familiar to both user and designer,
envisionment of future work situations, and grounding of analysis in the practice of the
user (Greenbaum and Kyng, 1991). For education, the grounding of analysis in the
educational practice would allow us to capture the pedagogical and classroom context in
which new educational technology is to be placed. The envisionment of future teaching
and learning situations would allow us to better consider, position, and integrate
educational software into teachers’ curriculums.
2.2.1.1 Key Concepts in Participatory Design

Participatory design is a concept that originated in Scandinavia during the early
1970s (Floyd et al., 1989). It sprang from an industrial setting as a feature of the
democratization movement spearheaded by strong Scandinavian labor unions. The
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mantra of participatory design was to empower workers to co-determine the software
systems that comprise and/or affect their work. In effect, participatory design promotes
the greater participation of workers in the development and deployment of computer
systems. The need for greater worker participation stemmed from the beliefs that
traditional system design methods proved ineffective in introducing new technologies
into the workplace and onto the factory floor, and that workers had the undeniable right
to determine their own workplace destinies.
In the Scandinavian context, the empowerment of the worker stands as the driving
force behind the promotion and deployment of participatory design. In the absence of
strong social-political pressures, such as those imposed by Scandinavian labor unions,
participatory design has garnered a very different flavor in North America. In North
America, the emphasis of participatory design is less on fulfilling the rights of workers,
and more on developing useful design practices that effectively identifies and elaborates
the requirements and work of users. Sometimes seen as an extension to the principles of
user-centered design (Maguire, 2001; Vredenburg et al., 2002), participatory design seeks
the direct participation of users in the performance of system analysis and design
activities. In participatory design, the active participation of users is considered crucial to
system development because the user
•

best understands the context of the work and the workplace in which the
software system is employed,

•

is best positioned to judge how to improve one’s own work and work
environment, and

•

possesses perceptions about work and technology that impact the acceptance
and use of the software system.

In general, the underlying pragmatic reason for employing participatory design is to
construct better system designs that effectively take into account the views, requirements,
and work of real users.
Overall, participatory design encapsulates a diverse set of ideas, incentives, and
principles. To illustrate the varying motivations and viewpoints carried by participatory
design theorists and practitioners, Greenbaum (1993a) has characterized participatory
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design from three different perspectives: a pragmatic perspective, a theoretical
perspective, and a political perspective. The pragmatic perspective resonates with the
general HCI principle that greater user input and involvement lead to better requirements
and to more effective and relevant systems. In system design, we need to identify and
understand the work that users perform and the situations in which they perform it. To
this end, we need to expose system designers to the day-to-day work experiences of the
user. Furthermore, we need to employ appropriate mechanisms that allow users to easily
convey ideas and opinions and to participate in analysis and design. Objectives of the
pragmatic perspective include the provision of design tools familiar to users,
envisionment of future work situations, and grounding of analysis and design in the
practice of the user (Greenbaum and Kyng, 1991).
The theoretical perspective is driven by the belief that system designers and users
have difficulties understanding each other experiences because they do not share a
common background. In this case, the role of participatory design is to facilitate
understanding between system designers and users by giving each the opportunity to
engage in hands-on activities in the professional domain of the other. The basic approach
is best described as “learning-by-doing.” Users come to understand the work of
designers by doing authentic analysis and design. System designers come to understand
the work of users by participating in authentic work activities or simulating work
activities through games and other workplace simulation techniques. The focus of this
perspective is to establish clear lines of communications between the user and the
designer and to foster an environment where mutual learning can take place.
The political or social perspective is probably the most publicized motivation for
participatory design. Introducing technology into the workplace modifies the activities
that workers perform and has significant social and organizational effects. Participatory
design emphasizes “the empowerment of workers so they can codetermine the
development of the information system and of their workplace” (Clement and Van den
Besselaar, 1993, p. 29). This emphasis stems from the belief that computer systems
greatly impact the work and environment of the user, and thus, the user has the duty and
right to participate in the definition and development of those computer systems.
Kensing and Munk-Madsen (1993, p. 31) outline three social requirements for
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participatory design: “The employees must have access to relevant information; they
must have the possibility for taking an independent position on the problems, and they
must in some way participate in the process of decision making.” From this perspective,
participatory design takes on a strong social orientation and philosophy.
The social perspective has implications for system design. Although this
perspective emphasizes the right of users to participate in design, the user must feel
compelled to exercise this right. In fact, it is in the designer’s best interest that users do
demand and exercise a strong dose of democracy in the design process so that the
pragmatic and theoretical benefits of participatory design are realized. We want users to
develop a strong sense of ownership in the design of software systems. Ideally, this sense
of ownership will translate to more power and greater initiative on the part of users as
they participate in analysis and design activities. Additionally, users may develop a
greater commitment to and acceptance of the system they helped create.
2.2.1.2 Participatory Design and System Development

Participatory design is a system design approach that emphasizes the function of
the user as active participants in analysis and design activities. Through participation, the
user gains insight and knowledge of technology and its use. The user’s new found role
has concrete ramifications on system development practices and processes. For instance,
if users are to be effective participants in analysis and design, they must feel as competent
as designers in analyzing requirements and designing systems and activities. Thus,
analysis and design methods must be intuitive enough for users to understand and apply.
Genuine user empowerment also means that the user has a significant voice in decisionmaking on issues of analysis and design (Clement and Van den Besselaar, 1993). As
such, users’ views and input should carry weight comparable to that of system designers.
Inasmuch as users are thrown into the world of system designers, system designers
must also gain “concrete experience with users’ present work” (Kensing and MunkMadsen, 1993, p. 80). In concept, users educate system designers about their work and
working environments. Participatory design practitioners also emphasize that
“information technology can only be appropriately addressed within the context of the
workplace” (Carmel et al., 1993, p. 42). Thus, system requirements and design need to
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be sufficiently grounded in the context of the work that the system intends to support or
augment. Overall, the cross-fertilization of domain knowledge between users and
designers establishes an environment of mutual learning, where users and designers teach
and learn of one another’s trades. Participatory design provides an environment in which
mutual understanding between designers and users develop alongside the evolution of the
technology under design.
From a system designer point of view, participatory design represents a large,
diverse collection of cooperative analysis and design methods. In fact, Muller has
identified some 61 techniques in the “universe of participatory methods” (Muller et al.,
1993b). Seemingly, the main criterion of a participatory design method is that it directly
involves users in the system development process. Granted, most modern system design
approaches do involve users to varying degrees, but the salient feature of participatory
design is to have users directly perform system analysis and design functions. Thus,
users and designers employ the same design tools and techniques, and perform the same
kinds of analysis and design activities.
For the most part, participatory design methods have been applied mostly in
individual and/or piecemeal fashion. As Brown (1997, p. 34) describes, “Methods are
seen more as a resource for designers to use as they deem appropriate and are not
gathered into a coherent framework.” This view is driven by the anti-method
contingency of participatory design practitioners that was previously described, who are
more concerned with developing a mutually-beneficial relationships between users and
designers. It is also the result of participatory design practitioners trying to integrate
participatory design methods into conventional software engineering processes. In the
latter case, participatory design practitioners often select one or two participatory design
methods and apply them in isolation within a traditional software engineering lifecycle.
More recently, interest has been growing in the creation and deployment of wholelifecycle participatory models that combine various participatory design methods to cover
multiple phases of a system development lifecycle. Such models intend to provide better
continuity of participation throughout the development process (Muller et al., 1997).
A number of whole-lifecycle models and projects have been explored or carried
out. UTOPIA (Bødker et al., 1987) (Usable Technology for Older People: Inclusive and
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Appropriate) was one of the first participatory design projects to implement a whole
lifecycle participatory model. The project was carried out by researchers from various
institutions in Denmark and Sweden, and was influenced by the Scandinavian trade union
movement in the 1980s. The project was focused on the development of skill-enhancing
software tools for graphics workers. Following a whole lifecycle approach, the project
employed various participatory design methods to acquire an understanding of the work
processes of graphics workers. The project consisted of several stages that involved
visiting the workplace, constructing paper or plywood prototypes, playing use games
(e.g., layout, organization, and specification games), developing requirement
specifications, constructing alternative work organization models, developing training
regiments, and deploying and evaluating a pilot system. Each stage involved the integral
participation of graphics workers.
From German origins, STEPS (Software Technology for Evolutionary
Participatory System Design) (Floyd, 1993) was a methodological framework used in the
development of a legal contract archiving system. STEPS focused on the “anticipation of
use” of an envisioned system through which participants would simultaneously unfold a
problem while constructing a technical solution for it. It was a cyclical methodology that
started by developing a system concept and a project strategy. Next, participants would
carry out cooperative system design through methods of prototyping. Prototypes were
implemented and applied to the workplace. The last step of the cycle was to evaluate the
use of the prototype and maintain the running system. Again, each stage involved the
integral participation of contract officers, managers, and other stakeholders.
EuroCoOp (Grønbaek et al., 1993) is described as a CSCW project aimed at
building collaborative information technology that would manage, track, and share the
various reports and paperwork (e.g., progress reports, change requests, and
nonconformance reports) associated with a tunnel construction project in Denmark. The
project aimed to construct document management tools not only to support the tunnel
project, but also to provide general capabilities that may be applied to other projects and
domains. Some of the software tools developed on the project were later
commercialized. In developing the CSCW tools, EuroCoOp applied a variety of
participatory design methods during various stages of system development. The applied
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techniques included ethnographic methods, future workshops, mock-ups, and low-tech
prototypes. As a CSCW project, an important objective was to examine the collaborative
activities of users and to predict and assess the impact of specific collaborative
technologies on those activities. This was accomplished through the use of the
aforementioned participatory design methods.
Participatory whole-lifecycle models are typically loosely integrated. In general,
whole-lifecycle models such as those described above specify the set of participatory
design methods to be applied, but do very little to specify the boundaries between and
across techniques. Rather, individual participatory design methods are applied in their
usual manners with little regard for how their analysis and design products will be
applied together or passed downstream in the development lifecycle. In fact, most of the
aforementioned whole-lifecycle models do not operate on a common set of analysis and
design representations. The lack of integration among methods in lifecycle approaches
may again be traced back to the philosophical view that participatory design should
emphasis the active participation of users above all other concerns, including issues of
system development and design methodology.
2.2.1.3 Participatory Design Methods

A wide spectrum of analysis and design techniques falls within the boundaries of
participatory design. Different participatory design methods may different system
development needs and capabilities. For instance, different participatory design methods
may be best suited for development teams of specific sizes. Furthermore, they may be
designed to support specific stages of system development (e.g., requirements analysis,
system design, and usability). They may serve to bring software developers closer to the
work activities and environment in which users operate. Conversely, they may serve to
bring users closer to the system development activities and environment in which
software designers and developers operate. As shown in Figure 2-2, Muller depicts the
broad development space in which some of the more popular participatory design
methods reside. Given the wide-ranging features and capabilities of different
participatory design methods, several participatory design methods may be applied on the
same project to serve diverse development needs.
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Participatory design methods cover a broad range of analysis and design functions.
For convenience, we will describe participatory design methods along three kinds of
development activities: domain analysis, future envisionment, and user interface design.
Domain analysis is a form of requirements analysis, while future envisionment and user
interface design are aspects of system design. In the following three sections, we
elaborate the role and use of participatory design in support of domain analysis, future
environment, and user interface design, and present representative methods within each
of these areas.

Figure 2-2. Taxonomy of participatory design methods (Muller et al.,
1993b, p. 27).
2.2.1.3.1 Domain Analysis

Domain analysis is associated with the requirements analysis phase of the typical
system development process. The goal of domain analysis is to develop an understanding
of users’ work activities and environment, and to elicit and derive concrete requirements
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from that work. The participation of users is critical during domain analysis because the
users are the owners, implementers, and experts of the work. Domain analysis serves to
transfer knowledge of the work activities and context from users to software designers.
Furthermore, domain analysis may reveal tacit knowledge and behaviors of users (Ehn,
1988). Many times, users are unaware of their own habits, behaviors, intuitions, and
knowledge they apply in their work.
Domain analysis provides participants with a view and understanding of the work
that a system under design is intended to support. Participatory design and its focus on
domain analysis is heavily influenced by fundamental ideas in action research
(Gustavsen, 1992; Kyng, 1994; McNiff and Whitehead, 2000), which is focused on
developing “co-investigatory relationships” between researchers and participants (Muller
et al., 1997; Reason and Rowan, 1981). Action research aims to develop tools that allow
users to achieve practical or political improvements to their lives. Through the analysis
of users’ work and the dissemination and sharing of findings, users are sufficiently
enlightened and empowered to make good judgments and appropriate modifications to
improve their work. In action research, software system development is viewed as
incremental and evolutionary as participants alternate “between practical work in the
field to support the desired changes, and systematic data collection and analysis of the
practical work with the aims of improving the action and contributing to theory building”
(Clement and Van den Besselaar, 1993, p. 33).
A variety of domain analysis techniques have been developed and applied. One
such technique is known as the Collaborative Analysis of Requirements and Design
(CARD) (Tudor et al., 1993; Mueller et al., 1995), in which participants draw pictures
and write text on index cards. Information on the cards represents various work
components or concepts such as events, objects, goals, motivations, cognitions, and
people. Participants lay out the index cards to describe the critical task flows involved in
the users’ work.
In another domain analysis approach called artifact walkthrough (Wixon, et al.,
1996) users collect physical artifacts from their work environment and bring them into
collaborative analysis sessions. During these sessions, the user describes or acts out
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various work scenarios using the collected artifacts as props. As the scenarios are
described or simulated, a facilitator documents the work processes as workflow diagrams.
Blueprint mapping (Klaer and Madsen, 1995) begins with a large map or
blueprint representing the physical or conceptual space of the workplace. Photographs of
workplace objects, tools, people, and places are made available to participants, who place
these photographs at logical locations on the blueprint. The act of placing photographs
on the blueprint establishes context and triggers discussion and analysis of the
photographs and the workplace.
Storytelling workshops (Erickson, 1995; Greenbaum and Madsen, 1993) is yet
another domain analysis technique. Stories are “concrete accounts of particular people
and events, in particular situations” (Erickson, 1995, p. 44). As designers collect and
analyze a set of stories from a particular usage domain, they may identify particular
themes that run through the stories. Themes provide a general framework or context
from which designers may conduct more detailed investigation and analysis on users’
work and the usage domain.
2.2.1.3.2 Future Envisionment

As we previously described, domain analysis concentrates on understanding and
analyzing existing work practice and the existing workplace. To design computing
systems that effectively support users’ work, however, we also seek to envision future
work situations that incorporate new computer technologies. Through future
envisionment, designers and users draw from their understanding of the current work and
workplace and potential computing technology to envision possible future work as well
as its encompassing future workplace environment and context. Kensing and Madsen
(1991, p. 155) have found that with conventional system development approaches, “few
or no resources are used in helping the users and designers generate alternative ideas
about how they would like their work situations to be in the future.” Participatory design
aims to fill this existing gap with a variety of envisionment techniques.
With regard to specific methods, many of the techniques used in domain analysis
may also be used to conduct future envisionment. The difference is in whether the
methods are applied to describe a current work situation versus a future one. For
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instance, domain analysis techniques such as CARD (Tudor et al., 1993; Mueller et al.,
1995) and storytelling workshops (Erickson, 1995; Greenbaum and Madsen, 1993) may
be used to convey not only how users currently perform specific work activities, but also
how users might perform work activities given certain new capabilities and technologies.
As for other envisionment approaches, Future Workshops represents a structured
brainstorming approach for developing visions of future work situations (Jungk and
Mullert, 1987; Kensing and Madsen, 1991). A Future Workshop is typically performed
in three phases: critique, fantasy, and implementation. During these respective phases,
participants draw out specific issues and problems regarding their current work, envision
future work situations or futures that improve upon current working conditions, and then
evaluate whether those futures may be realized under existing circumstances and what
new conditions and changes are required to best support those futures.
In forum theatre (Boal, 1992; Kensing and Munk-Madsen, 1993), participants act
out specific scripts or scenes that represent problematic work situations or conditions in
need of improvement or enhancement possibly through the introduction of computer and
software systems. Additional participants comprise the audience. The actors and the
audience work together to spontaneously modify the conceptual script to envision an
improved situation or outcome.
In graphical facilitation (Crane, 1990; Sibbet and Drexler, 1993), a facilitator
quickly generates diagrams, sketches, and images on a flipchart or whiteboard based on
verbal input from a group of stakeholders. The resultant graphical images represent the
shared views of all contributing stakeholders, and are the only physical design artifacts
that are generated using this method. Graphical facilitation operates from the notion that
pictures are much more expressive than textual specifications, and thus, provides a richer
medium for describing systems, activities, and work environments. Graphical facilitation
may be applied to describe features of existing or future work situations.
Scenario-based design methods (Carroll, 1995) are also useful for future
envisionment. A scenario is a “concrete description of activity that the user engages in
when performing a specific task” (Carroll, 1995, p. 3-4). Users and designers often
construct scenarios to envision and describe typical and atypical uses of a system under
design. Scenarios may be couched at different levels of resolution from high-level
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interactions between a user and a system to low-level interactions among system objects
or components. They are realized in various forms including textual narratives,
storyboards, scripted prototypes, and video snippets. Scenarios are versatile design
representations that may be applied throughout the various stages of system development,
but one of their most common purposes is to maintain views of future uses of an
envisioned system throughout the development process. Later in this chapter, we discuss
scenario-based design in much greater detail as one of the key fields contributing to the
capture and representation of work processes and context.
2.2.1.3.3 User Interface Design

Another role of participatory design is to support user interface (UI) design.
Various participatory design methods emphasize concepts of rapid prototyping (Gordon
and Bieman, 1995; Tanik and Yeh, 1989), which aim to rapidly generate design iterations
of a system’s user interface. In UI design, users and developers evolve the look and feel
of an application by specifying and drawing screens, windows, and user interface
controls. A common danger in UI design is that users and developers may become
fixated on the details of user interface objects rather than on the tasks and activities those
objects are intended to support. On the other hand, a UI design makes the proposed
system and its features more tangible and concrete such that users and developers may
elaborate requirements, tasks, and activities in the context of accessible, visual objects.
In both cases, an important objective is to simultaneously capture and evolve user tasks
and activities along with the UI design to emphasize and preserve the work context
associated with the UI design.
In participatory design, user interface design usually occurs in the form of low
fidelity or low-tech prototyping, where designers and users apply basic tools and
instruments to create user interface ideas and views. Low-tech prototyping is an effective
participatory design approach because it provides all stakeholders with common design
tools with which they are familiar and they know how to apply. Sketching (Newman and
Landay, 2000; Verplank and Kim, 1986), for example, is a ‘quick and dirty’ method in
which participants draw informal representations of windows, icons, menus, buttons, text,
and other UI entities using pencil and paper. Other participatory design methods such as

44

PICTIVE (Plastic Interface for Collaborative Technology Initiatives through Video
Exploration) (Muller, 1991; Muller, 1992) expands the set of instruments and design
objects available to participants by utilizing basic office items such as colored markers,
scissors, Post-it notes, and colored acetate. This larger, more expressive set of design
objects enable participants to construct more elaborate interfaces and describe more
intricate interactions.
Mock-ups (Bødker et al., 1987; Ehn and Kyng, 1991) is another low-tech
prototyping technique that commonly employs cardboard boxes to represent physical
computers and peripherals. User interface objects are usually drawn directly on boxes, or
alternatively created on a computer, printed out, and then pasted on boxes. Unlike other
low-tech prototyping techniques, mock-ups are most often constructed by designers
rather than users. Using a mock-up, designers and users walk through different work
scenarios. During the walkthroughs, users interact with a mock-up as they would with a
real computer and designer simulates responses from the computer by moving and
swapping cardboard pieces, covering and uncovering parts of the mock-ups, and
verbalizing the behavior of the system.
In storyboard prototyping (Andriole, 1989; Andriole, 1992; Madsen and Aiken,
1993), designers and/or users create “storyboards” or series of screens or still images.
Each screen represents one state of the user interface in a succession of states. The
images may be created through freehand drawing or the use of computer drawing
software. Once developed, the storyboard is presented to various stakeholders to elicit
comments and reactions. Cooperative Interactive Storyboard Prototyping (CISP)
(Madsen and Aiken, 1992) is an instrumented variation of storyboard prototyping where
the storyboard is developed on and executed from a computer. As users execute the
storyboard computer prototype, their interactions are automatically captured by computer
software. The captured interactions then serve as a storyboard record that is to be further
analyzed by users and designers.
2.2.1.4 Participatory Design and Education

To date, participatory design has been applied primarily in professional work
settings, and have had limited influence in the development of educational software
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systems. Of the few educational software cases, Druin et al. (1997) had elementary
school students perform storyboarding in the development of KidPad, which is
“zoomable” information environment specifically designed for child learning. Students
sketched concepts and potential screens on paper to describe the KidPad features and
capabilities they wanted. Design ideas were collected and passed to the development
team.
On another project, Balka and Jones (1998) involved middle school students in
the participatory design of a collaborative mathematics learning environment. The
premise of the software was to allow students to link different mathematical concepts and
properties together to form higher-level models and theories. The researchers sought to
model the learning environment around a particular visual programming paradigm that is
part of a Java software development environment known as Java Studio. Java Studio
provides a components-based visual interface that allows developers to link program
components known as JavaBeans into fully-functional applications known as applets.
Balka and Jones were interested in seeing whether middle school students could form
mathematical models in a visual, component-based way similar to Java Studio. To
design the mathematics learning environment, the researchers developed a paper
prototyping approach similar to PICTIVE (Muller, 1991; Muller, 1992) called simCHET
(simulated Computer Human Engagement Tool), which utilizes everyday items such as
paper, string, markers, and tape to specify systems and user interfaces. The objects
represented in simCHET, however, are specific to the functions and features of Java
Studio. In participatory design sessions, students constructed mathematical models as
paper prototypes using simCHET and then presented those models to their classes. One
of the groups chose to demonstrate its prototype through interpretative dance, where
group members would adopt the roles of different JavaBeans and act out their functions.
Beyond educational software projects, Silva and Breuleux (1994) have ruminated
about the potential usefulness of participatory design in educational technology design arguing that participatory design may provide an environment where teachers and
developers may share concerns and perspectives, maximize their level of participation
and cooperation, and “foster a better understanding for the needs of the (teacher) with an
optimal integration of the technology with everyday tasks” (Silva and Breuleux, 1994, p.
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101). In general, participatory design may provide teachers a means for sharing their
experiences and knowledge with developers, and incorporating these experiences and
knowledge in the design of computer-mediated learning activities and systems.
To a certain extent, aspects of participatory design may be seen as a broadening or
extrapolation of the design work that teachers generally conduct when they create and
develop lessons. Teachers design educational activities and lessons around pedagogical
objectives. Each lesson teaches fundamental concepts from the field of study. Lessons
are collected and organized into an overall curriculum that aims to provide
comprehensive exposure to the field and to establish groundwork for further
advancement. In applying participatory design to lesson design, teachers continue to
focus on their pedagogical objectives, but they do so from an expanded view. For
example, teachers traditionally design lessons around teaching tools and artifacts to
which they have available. Using participatory design, however, teachers actually design
the tools themselves in conjunction with the design of the educational activities that apply
those tools. In theory, computer tools design via participatory design would be more
consistent with and relevant to the pedagogical needs of the teacher. Teacher
participation in the analysis and design of educational tools reflect the underlying
participatory design principle that users should be involved in making decisions on
matters that affect their work. In this case, teachers would make design decisions on
educational tools that they will eventually apply in the classroom to fulfill specific
pedagogical objectives.
Participatory design also extends the typical design of educational activities by
bringing software developers into the fold. The participation of software developers in
lesson design allows teachers to gain a better understanding of technological features and
options, and their potential applications to the educational activities that teachers are
developing. Conversely, the computer scientists gain greater understanding of the
pedagogical and classroom context in which educational systems are to be applied.
Furthermore, participatory design may facilitate the technical growth and
preparation of the teacher - motivating teachers to think early on about how technology
might impact their teaching and classrooms, while giving the teachers every opportunity
to modify the design and use of that technology to better support various teaching
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demands and needs. Through participatory design, teachers may come to experience and
understand the contextual and situational limitations, capabilities, and consequences of
collaborative technology in their classrooms. Just as science students learn science
concepts by doing experiments (Anzai and Simon, 1979), teachers also learn how to
design educational systems by partaking in analysis and design activities with developers.
Ideally, by understanding how educational systems are designed, teachers become better
positioned to incorporate those educational systems into their lessons, curriculums, and
classroom environments, and to champion their use.
2.2.2

Ethnography

Ethnography evolved from century-old research that cultural anthropologists
applied in the study of little-known cultures. In such studies, the anthropologist was
typically thrown into a foreign culture that was quite different than his or her own. The
ideal situation for the ethnographer was to be accepted into the culture as one of its
members, participating in cultural activities, learning the language, eating the indigenous
food, and experiencing day-to-day living. By eating, sleeping, working, conversing with
natives, the anthropologist came to understand the customs, behavior, functions, and
organizations of the society under study by directly experiencing those aspects.
An objective of ethnography is “to display the social organization of activities as
they are revealed through involvement in the natural setting of the activity” (Hughes et
al., 1993, p. 7). By capturing and understanding aspects and features of work activities
and the overall work environment, ethnography may also be viewed from a system design
perspective as a form of requirements analysis that is couched in the setting of the
workplace and the vocabulary of users. Instead of speaking the incomprehensible
technical jargon of software engineers, analysts speak the language of users as they
gather requirements and design criteria. Ideally, in the end, the requirements and design
criteria would be more accurate, representative, and reflective of user work functions,
activities, and needs. These more relevant requirements and design criteria would then
lead to the development of more practical and effective software systems.
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2.2.2.1 Key Concepts in Ethnography

As previously mentioned, ethnography is historically an approach used by cultural
anthropologists to study distant tribes and cultures. These early ethnographic studies
practiced total non-intervention in the sense that observations and analysis of customs
and behaviors left no impact on the culture under study. In modern times, ethnography is
being applied more often in the study of specific organizations and institutions (Brown
and Duguid, 1991; Rosen, 1991; Van Maanen, 1979). This form of ethnography is often
referred to as organizational ethnography or organizational anthropology. Ethnographic
approaches are effective in the study of organizations, because the customs and behaviors
that occur within cultures and organizations have many similar characteristics.
Specifically, both forms of ethnographies establish:
•

methods of allocating wealth, power, and status,

•

norms of acceptable social behavior and means of regulation,

•

protocols for decision-making, communications, and interaction,

•

means of creating, retaining, and transferring knowledge among group members,

•

relationships for interacting with one another as well as the outside world, and

•

artifacts that capture subjects’ perceptions of themselves and their environment.

The main difference between traditional and organizational ethnographies goes back to
the principle of non-intervention. In applying organizational ethnography, the intent is to
modify organizational structures and/or subjects’ behavior to improve specific outcomes
such as the efficiency, productivity, effectiveness, and/or satisfaction of subjects.
Although the organizational ethnographic methods themselves generally do not involve
intervention, the results from these methods are used for that very purpose.
In general, the goal of ethnography is to interpret and give meaning to human
behavior and activities rather than simply describing them. To accomplish this goal,
Namioka and Rao (1996) assert four main principles for which ethnographic studies
should adhere. These principles are:
•

Natural setting – studies should provide the ethnographer first-hand
experience in the natural setting of the activity.
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•

Holism – studies should allow ethnographers to comprehend the behavior of
people and groups within the larger everyday, social context.

•

Descriptive – ethnographic results should be descriptive rather than
prescriptive. In other words, ethnographers should examine subjects and
activities in a non-judgmental way, giving careful consideration to study how
subjects behave but not how they ought to behave.

•

Subject’s point-of-view – ethnographic descriptions should be made from the
point-of-view and vocabulary of subjects. The aim is to describe how subjects
perceive the environment in which they live and work.

Ethnography is in contrast to other social research methods (e.g., interviews,
questionnaires, surveys, and laboratory methods), which are not typically conducted in
the natural setting of the culture or institution. In ethnography, the immersion of the
ethnographer into the culture or institution is required, because much of the behavior and
actions of subjects are driven by unspoken or tacit knowledge (Reber, 1989). In many
cases, subjects are unable to articulate reasons for their actions and behavior other than
simply relegating them to the force of habit. Thus, an objective of the ethnographer is to
make that tacit knowledge explicit by closely watching, examining, and interpreting it as
it occurs and is experienced in the natural environment.
Another critical objective of the ethnographer is to maintain a clear and open
mind before entering into a study. In general, humans enter into situations with certain
assumptions and expectations. Ethnographers try to minimize the number of assumptions
they carry into ethnographic studies, because they wish the attributes and features of the
culture or institution would naturally emerge from observation and interaction, rather
than from preconceived notions trapped in the ethnographer’s head. Thus, ethnographers
generally begin their studies with a minimal research agenda, and allow their
investigations to establish their own paths based on emerging observations and results.
In general, ethnographic studies generally produce volumes of data in various
forms such as field notes, audiotapes, videotapes, and physical artifacts. The
ethnographer analyzes the collection of data to identify and explore tendencies and
patterns (Gladwin 1989; Miles and Huberman, 1994). Often, ethnographic analysis will

50

uncover other areas where additional observations and analysis are required. Overall,
ethnographic studies tend to be repetitive as ethnographers engage in an “iterative cycle
of observation, recording and collecting, analysis, and renewed observation” (Ford and
Wood, 1996, p. 271).
2.2.2.2 Ethnography and System Development

Within the CSCW community, various researchers have touted the applicability
and usefulness of ethnography as an effective method of requirements elicitation
(Goguen and Linde, 1993; Hughes et al., 1995; Plowman et al., 1995). Subsequently,
numerous research studies have been performed in which ethnography has contributed to
identifying the requirements of a computer system (Greatbatch et al., 1993; Heath and
Luff, 1992; Hughes et al., 1994; Luff and Heath, 2000; Plowman et al., 1995). Among
the more active research conducted in this area, Hughes has developed a variety of
approaches to apply ethnographic methods in conjunction with system design (Hughes et
al., 1995). Ethnography provides a proven method for examining and characterizing the
social nature of work. The endeavors to capture the sociality of work and to incorporate
this sociality into system design are increasingly recognized as important goals in system
design.
Ethnographic methods stand in contrast to more traditional techniques for eliciting
user input and requirements, such as surveys, formal interviews, and focus groups. Such
traditional elicitation techniques tend to focus more on the technology than the work
(Namioka and Rao, 1996), and often take place in isolated settings away from the
workplace. As a result, user input typically comes in the form of critiques of an existing
system design rather than descriptions of work that may be used to identify realistic and
practical user requirements.
Ethnography also has characteristics conducive to system design. For instance,
one of the cultural features that ethnographers traditionally inspect is the set of physical
artifacts and tools that are handled or used in the target culture. Ethnographers analyze
these artifacts and tools to comprehend how they are applied to accomplish specific goals
and tasks. Correspondingly, the eventual product of system design is a software system,
which is essentially a new tool for users to apply. In this sense, ethnography may
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represent a viable approach for studying the utility and effects of software systems on a
culture or institution such as education.
In addition, as we described earlier, ethnographic studies are inherently iterative
processes as ethnographers observe a culture, gather and record data, analyze collected
data, and renew observations based on findings of the analysis. Software engineering
processes are iterative as well as developers gather user requirements, analyze
requirements to produce design criteria, implement the design, and then gather new
requirements based on the evaluation of the implementation. The iterative nature of both
ethnographic and system development processes suggest that these practices may be
merged into a unified approach.
A noted drawback of the application of ethnography in system analysis and design
is that the products of ethnographic methods are typically in forms difficult to incorporate
into computer system design. Hughes et al. (1995, p. 58) explains this dilemma:
(Ethnography) is not without its problems. A principal one being the presentation
of the results of ethnography in a form that is readily usable by designers. For
many software engineers ethnography seems far too unsystematic a method, its
results presented in an overly discursive form, design options are not clearly
stated and do not attend sufficiently to engineering needs.
A long, free-formed description of a setting or situation is neither conducive nor
supportive of system design. Thus, in many cases, ethnographic results are not formally
incorporated into system design. More often, ethnographic findings are passed from
ethnographer to designer in the form of discussion (Hughes et al., 1994; Bentley et al.,
1992).
Although the intent and reasonableness of applying ethnography in system design
are evident, the precise role that ethnography should play in the system development
process is still quite murky. Some CSCW researchers (Heath and Luff, 1992; Filippi and
Thereau, 1993; Grønbaek et al., 1993; Luff et al., 1992) believe that the main role of
ethnography is to provide system designers with a background and understanding of the
practice they hope to automate or modernize. The knowledge that designers gain from an
ethnographic study is not directly nor formally fed as input into the design process, but
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rather the knowledge exists in the consciences of designers as they develop, modify, and
apply technology to alter the practice.
Plowman et al. (1995) conducted a survey of ethnographic studies in an
attempt to evaluate and characterize the current application of ethnography in
computer system design. The ethnographic studies surveyed were collected from
papers appearing in CSCW conferences and journals. The survey showed that
current applications of ethnography typically inform system design by "imparting
knowledge to rather than giving form to" it (Plowman et al., 1995, p. 6). The
researchers concluded that ethnographic studies may identify and illustrate
general system design issues, but do not provide specific design criteria that are
required in the development of actual software systems.
For the most part, ethnography and system design are conducted as separate
processes, which informally pass findings and information back and forth. For example,
Hughes et al. (1994) introduced an ethnographic system design approach called
“concurrent ethnography,” in which an ethnographic study and system development
proceeds separately but are linked through a series of informal debriefing meetings (see
Figure 2-3). The purpose of the debriefing meetings was to pass ethnographic results and
domain requirements to system developers, while returning system requirements and
design issues and gaps back to ethnographers to be addressed through additional
ethnographic study. Other ethnographic system design approaches such as rapid
ethnography (Millen, 2000), quick and dirty ethnography (Hughes et al., 1994), and
evaluative ethnography (Hughes et al., 1994) also serve to link and exchange findings
and information across separate ethnographic and system design activities.
Other CSCW researchers (Rogers, 1995; Streitz et al., 1994; Tang and Isaacs,
1993) have proposed a more direct relationship between ethnography and system design.
These researchers believe that ethnographic findings may be directly transformed into
specific design criteria without compromising ethnography’s inherent descriptive and
holistic view. Unfortunately, such methods have yet to evolve. Certainly, imparting to
designers a sense of the sociality of work is an important function of ethnography in
system design, but until designers can directly employ ethnographic findings into their
designs and design methodologies, the benefits of ethnography as an effective system
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analysis and design tool may not be fully realized. To provide an applicable and valuable
service to system design, the results and findings of ethnographic studies need to be
structured or transformed into more readily useable analysis and design representations.

Figure 2-3. Concurrent ethnography approach to system design
(Hughes et al., 1994, p. 432).
2.2.2.3 Ethnographic Methods

Ethnographic methods have been developed and applied to both collect and
analyze data on specific cultures, organizations, and institutions. In this section, we
survey different ethnographic methods that are used specifically in the collection of user
data, analysis of cultural or workplace artifacts, and analysis of workplace activities and
interactions.
2.2.2.3.1 Data Collection

Many ethnographic methods are heavily based on the concepts of naturalistic
observation (Adler and Adler, 1994; Lincoln and Guba, 1985; Loucopoulos and
Karakostas, 1995; Shaughnessy and Zechmeister, 1985). Naturalistic observation places
an investigator into the natural environment where work or activity takes place to observe
and record people and behavior in their usual setting. Largely, naturalistic observation is
non-intrusive in that investigators do not ask subjects questions or administer
experiments or tests. Observations may be overt or covert. In overt observations,
subjects are made aware that they are being studied and informed of the research purpose
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of the study. In covert observations, subjects are generally unaware that they are being
studied. Furthermore, naturalistic observation may involve participant or non-participant
observations. In participant observations, the investigator joins the group of subjects
under study – carrying out the same work activities in the native environment. In nonparticipant observations, the investigator still enters the work environment, but remains
as a spectator not participating in the daily activities. Generally, naturalistic observation
generates rich descriptions of work activities and environments, but it often fails to
identify or elucidate cause-and-effect relationships that occur in the natural setting.
Naturalistic observations are commonly captured on fieldnotes, audiotape, or videotape.
Video observations are an increasing common approach for collecting naturalistic
observations where cameras are used to capture work activities (Bauersfeld and Halgren,
1996). A common set up is to have two cameras, one camera focused on the screen, desk
surface, or work area, while the other is focused on a larger view of users interacting with
the screen, desk surface, or work area. In many cases, the cameras are started but left
unattended, following the idea that cameras are less intrusive than human observers. The
two captured views are often mixed and synchronized onto a single tape.
Video observations may also be organized from the perspective of what to
capture. For instance, Suchman and Trigg (1993) presented four kinds of video records
to collect. Setting-oriented records would show as much of the specific work activity in
the physical setting as possible. This could be supported through the use of a wide-angle
lens and multiple microphones dispersed around the physical space. Person-oriented
records capture the work specific to an individual and from the individual’s perspective.
This might be accomplished by the use of wireless microphones and cameras that are
attached to and travel with the individual under study. Object-oriented records track
particular artifacts. To support this, cameras may be focused on the physical artifacts
under study or attached to the artifacts if they happen to be mobile. For electronic
artifacts, computers may be instrumented to log a record of the use of the artifact. Taskoriented records look at how specific physical tasks are performed among collaborating
workers. To support this, cameras and microphones may be attached to individual
collaborators and/or different physical spaces in which the task takes place and to which
the work transitions.
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Ramey et al. (1996) employed a “stream of behavior chronicles” approach were
they videotaped target users carrying out standard work functions. After the videotaping,
ethnographic researchers review the videotape to formulate questions and hypotheses
surrounding the captured work. The videotape is then presented back to the users that
appeared on the videotape. As they review the tape, the users are asked to provide a
running commentary (i.e., retrospective think-aloud protocol) of their own activities,
actions, and behaviors. As the user walks through the videotaped activities, ethnographic
researchers interrupt at various points to ask questions that were derived during their
initial review of the videotape. In the final stage, ethnographic researchers then
categorize and index user behaviors as found in the collected videotape and follow-up
commentaries.
User interviews are another data collection technique frequently applied in
ethnographic studies. Open-ended and semi-structured interviews are the most common
forms, and they both provide qualitative data. In open-ended interviews, the interviewer
typically asks broad, open-ended questions that do not have fixed sets of answers.
Respondents are generally free to take the discussion in any direction or to any level of
elaboration they wish. The goal is to treat the interview much like an informal
conversation where respondents identify and describe issues and features that are
personally important or relevant to them. Open-ended interviews provide an exploratory
approach to uncover unexpected or unknown information, which is particular useful
when the exact issues of interest have not been fully identified nor fully understood. This
exploratory feature is critical in ethnography as we strive to extract features and patterns
that naturally evolve from within a culture or institution without imposing our own
meanings and expectations.
With semi-structured interviews, the interviewer develops and uses a set of more
direct questions to better guide the discussion towards key issues as well as to prod the
discussion along should respondents digress or become complacent. The questions are
often general in nature but may also conform to high-level issues and topics. Spradley
(1979) describes five general styles of questions that he finds most effective in
ethnographic interviews. Grand tour questions prompt respondents to walkthrough
specific scenes, environments, or environments describing individual key features or
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steps. Mini-tour questions often follow grand tour questions – asking respondents to
further elaborate or break down specific features or tasks. Example questions direct
respondents to provide concrete examples of specific actions, events, or features.
Experience questions ask respondents to describe their general experiences with a
particular setting or feature. Finally, native-language questions direct respondents to use
terms, phrases, and jargon that are natural and common to their domains or user
communities. Beyond the above five styles of questions, contrast questions are also
common – asking respondents to compare and contrast two individual but related
concepts or features. The objective of these kinds of questions is to lure respondents into
discussion and provide a loose framework from which to guide, manage, and organize the
interview and the discussion it elicits.
Selection of respondents is also an important aspect of interviewing. A standard
approach is to randomly select individuals from the overall culture or community or from
defined user classes or roles within that culture or community. Such an approach is
designed to involve informants are representative of the population under study. Another
approach is known as “key-informant” interviewing (Edgerton and Langness, 1974, Pelto
and Pelto, 1978). As ethnographers interview and interact with members of the target
community, the naturally develop closer working relationships with certain members due
to factors such as compatible personalities, mutual trust, and the openness,
expressiveness, and enthusiasm of respondents. These respondents are often singled out
as key informant to participate in more intense and detailed interviews on a more frequent
basis. The rationale for the key-informant approach is the view that some people make
better informants than others, and thus, involving those people with the right informant
skills and attitudes with produce more comprehensive and richer responses and data.
Contextual Inquiry (Holtzblatt and Jones, 1993; Wixon and Comstock, 1994) is a
popular ethnographic-based analysis methodology that combines observations with
interviews into an integrated approach. A variety of system design projects (e.g., Beabes
and Flanders, 1995; Coble et al., 1996; Juhl, 1996; Rowley, 1996; Väänänen-VainioMattila and Ruuska, 2000) have utilized Contextual Inquiry as the primary approach for
interacting with and gathering data from users as well as for analyzing collected user data
to comprehend and apply work contexts and processes in system analysis and design.
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The three key principles behind Contextual Inquiry are that designers should study user
work in the context of its natural environment, designers should engage in active
partnerships and open dialogue with users and other stakeholders to construct shared
meaning, and designers should maintain focus on key issues, interests, and assumptions
as well as share and mitigate them with those of users (Beyer and Holtzblatt, 1998).
Using Contextual Inquiry, designers enter the workplace to observe users perform
their jobs in the natural setting. Designers are free to interrupt users in the midst of work
activity to ask questions or enter into discussion. They make ask users to talk through
their tasks as they are performed. In other instances, users are asked for retrospective
accounts, where they reconstruct past events with the tools and artifacts they currently
have available to them. After observations, designers typically meet with other project
designers and developers in interpretation sessions where the observations are recounted
and key points, insights, questions, and ideas are abstracted and placed on individual
notes. The notes are organized into affinity diagrams (Brassard, 1989) that cluster similar
or related concepts together. The clusters are then grouped into a higher-level
hierarchical structure. Designers brainstorm design ideas around the nodes of the affinity
diagrams and attach those ideas to the diagrams using additional notes. The affinity
diagrams identify the overall scope of issues to be addressed in system design and ties
design ideas back to features or elements of the work activities and workplace.
Diary studies may also be viewed as ethnographic-based methods, where users
construct their own field notes in the form of diary entries (Erickson, 1995; Rieman,
1993). In a diary study, users are asked to document their daily activities, experiences,
and thoughts, usually on preprinted log forms (Erickson, 1995). Typically, the log forms
are broken down into hourly time intervals. Diary input may be largely unstructured
where users enter ideas, impressions, and thoughts in a freeform manner or be more
structured by having users enter data and events that conform to specific categories
defined by researchers.
Electronic on-line diaries (Braa, 1992; Mikko and Robinson, 1998; Van Vugt and
Markopoulos, 2003) have also been deployed in situations where much of the targeted
work and interaction is facilitated through the use of computers. In such studies, the
electronic form of the diary makes it shareable among remote participants, and thus, may
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not only be used to collect and document ideas and activities, but also become a vital part
of the interaction among participants. In another variation of the diary, Brown et al.
(2000) explored the use of photo diaries, where participants would take pictures of their
workplace environment and the co-workers and artifacts within it during the course of
their daily activities. The pictures would be collected into a photo album, which would
then be reviewed and discussed during semi-structured interviews with researchers.
2.2.2.3.2 Artifact Analysis

Ethnographic methods have also evolved around the analysis of work artifacts.
Artifacts encapsulate the intentionality, meaning, and experiences of both their creators
and their users. As emphasized by Stahl (2004, p. 12), “the very basis of selfconsciousness and sociality in mutual recognition is thoroughly mediated by the creation
and use of artifacts – which embody human consciousness or meaning in their imposed
form or design.” In the case of learning, a student develops understanding through his or
her interaction with artifacts, as the artifacts extend, enhance, and modify the student’s
cognition (Engelbart, 1995; Hutchins, 1999; Norman, 1993; Papert, 1980; Stahl, 2004).
The goal of artifact analysis is to unlock and comprehend the meaning and knowledge
that are embedded in artifacts by analyzing how those artifacts are applied in work
situations.
Work artifacts include documents that convey different kinds of information such
as notes, memos, forms, mission statements, organizational charts, workflow diagrams,
etc. Artifact analysis that is restricted to the analysis of only documents is often referred
to as document analysis (Altheide, 1987; Rayson et al., 2000). More generally, artifact
analysis will also involve common workplace objects (e.g., chair, desk, pencils, stapler,
and telephone) and physical tools required to perform the work. Artifact analysis
extended to the realm of computers focus on virtual artifacts such electronic files,
applications, windows, button, menus, etc. In artifact analysis, the behavior and actions
of users are examined specifically in relation to the use, manipulation, and understanding
of artifacts. Common artifact analysis techniques include interaction analysis and
conversation analysis, which will be described in Section 2.2.2.3.3.
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In artifact walkthroughs (Wixon et al., 1996), users bring to analysis sessions
workplace artifacts that are typically applied to particular tasks or work processes. Using
the artifacts, users and analysts walk through various work processes - discussing various
aspects such as the goals, issues, and problems related to the process or a particular
artifact. Commonly, analysts’ comments are placed on colored sticky notes and
assembled into an annotated flow diagram of the process. Unlike traditional
ethnographic approaches, artifact walkthroughs bring pieces of the workplace to the
analysis as opposed to bringing the analysis into the workplace. Artifact walkthroughs
were previously described in this chapter as a participatory design method.
In another artifact analysis approach, Wood (1996) integrates a specialized
interviewing approach with ethnographic observations and fieldwork to identify and
apply work objects. Through semi-structured interviews, Wood’s approach seeks to
identify specific work objects and their relationships, categories, and distinguishing
properties or features. Armed with a set of work objects, the practitioner then proceeds
with ethnographic observations focusing on how the work objects analyst applied by
users to accomplish their work. Thus, the work objects act as a framework for scooping
and guiding the observations. Object models generated through interviews combined
with process models captured through observations in essence specify users’ tasks.
Woods considers his approach to be top-down in that it starts with high-level work
objects that guide the collection of more detailed observations and data, while other
ethnographic methods are generally more bottoms-up as analysts first collect raw data
and then try to organize that data into higher-level ideas, beliefs, and structures.
2.2.2.3.3 Activity Analysis

Various ethnographic methods have been constructed to identify and analyze
characteristics and patterns in user activities, interactions, and behaviors. For example,
ethnomethodology (Garfinkel, 1967, Handel, 1982; Lynch, 1993) is a sociological
approach that focuses on capturing the sequences and patterns of social actions and
interactions as they occur in everyday activities. The goal is to identify the ways and
manner in which work activity is achieved as demonstrated through material records of
that activity. The approach is not concerned with social theories on why an activity
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occurs, but rather focuses on how the “activity is structured and achieved in an on-going
fashion by the participants themselves as a recognizable social accomplishments”
(O’Neill et al., 2002, p.2). The methods of conversation analysis (Atkinson and Heritage,
1984; Hutchby and Wooffitt, 1998; ten Have, 1999) and interaction analysis (Frohlich,
1993; Jordon et al., 1993) grew from this sociological research area.
Conversation analysis aims to define and describe the “underlying social
organization that makes conversation orderly and intelligible” by elucidating and
examining features of language and speech (Goguen and Linde, 1993, p. 9). In
conversation analysis, concepts such as turn-taking and interruptions become important
because they promote and convey social order. Adjacency pairs such as question-answer
and greeting-greeting responses represent both syntactical and semantic organizational
and social structures. Conversation analysts look closely at the nuances of ordinary
conversation in details such as timing, overlap, response, interruption, and repair
(Goguen and Linde, 1993). They may break conversation down into individual speech
acts (e.g., request, promise, accept, counter, decline) or higher-grain discourse units (e.g.,
joke, explanation, spatial description, and plan) along with the states through which those
acts or units transition, as a way to analyze and impose structure on conversation. In
conversation analysis, dialogue is often captured via audio recording.
Interaction analysis may be viewed as an extension of conversation analysis in
that it examines both visual and verbal interactions of participants (Frohlich, 1993). This
form of analysis takes into account the environment and setting in which the activity
takes place. As described by Suchman and Trigg (1993, p. 212):
The task of interaction analysis is to uncover the regularity and efficacy of
peoples’ relations with each other and their use of the resources that their
environment affords. To see this regularity requires a productive interaction
between an emerging theory and a rich body of specific instances. As we
accumulate studies of interaction in specific settings we begin to develop a set of
both general observations (e.g., the interorganization of talk and nonvocal
activity) and specific analyses (e.g., the specialized concerns and practices of
people in this particular domain and/or this particular setting).
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Using interaction analysis, participants engaged in work activities are generally captured
on videotape. After videotaping, the general approach is to separate videotaped activities
into collections or classes of related interactions. The videotaped activities then may be
compared together and/or side-by-side to identify commonalities and distinctions. Of
practical consideration, capture of and access to summary or metadata information about
the videotaped activities are essential in interaction analysis (Suchman and Trigg, 1993).
Thus, summary descriptions and content logs of critical events are intrinsic information
to be gathered in the post-processing of videotaped activities.
While interaction analysis is mostly conducted by individual researchers,
videotaped activities may also be used in cooperative system analysis and design sessions
with larger groups of developers and designers (Suchman and Trigg, 1993). The general
approach is to show excerpts of videotape and to pause the videotape when questions or
issues arise. Participants may then submit various interpretations of the activities,
actions, and behaviors shown on the videotape, possibly referring to other physical
materials brought to the session. Interpretations are documented as participants may seek
unified interpretations or maintain competing interpretations for further study. During
sessions, critical portions of the videotape may be replayed many times.
Using similar techniques, other researchers have endeavored to conduct
cooperative analysis and design with actual users. In such cases, users become
interpreters of their own activities as captured on videotape. Frankel (1983) conducted
extensive research using cooperative video analysis with student physicians and hospital
patients, and found that students and patients were able to elucidate much more context
and many more issues using video analysis compared to standard interviewing. Many of
the features and issues revealed by students and patients went previously unnoticed by
researchers when they first conducted their own initial analysis of the videotaped
activities without users. During video analysis sessions, students and patients had control
over the viewing of the videotape and were allowed to pause the videotape when they
wished to describe a critical feature or event, or enter into discussion. An interesting
result across the analysis sessions was that although patients and student physicians often
paused the same videotape at similar points, they had vastly different interpretations of
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the interactions that occurred. For Frankel, videotape analysis was a valuable technique
for eliciting views and perspectives from different stakeholders.
In another activity analysis approach, Contextual Design (Holtzblatt and Beyer,
1996; Wixon et al., 1990) was developed as an extension to the Contextual Inquiry
method (see Section 2.2.2.3.1) to provide a more systematic way to transfer collected
user knowledge and data into system design. Beyond the Contextual Inquiry method,
Contextual Design adds the concepts of five work models that capture organizational
context and impacts, attributes of the physical environment, coordination and
communication flow among different stakeholders, sequences of actions required to
perform specific tasks, and the structure of collected work artifacts. The work models
are constructed from notes and ideas gathered during interpretation sessions typically
with other designers. Designers would then extrapolate beyond existing work models to
create alternative work models that incorporate new or enhanced features, technologies,
or processes. Of particular importance, the script or steps of the sequence model are
redesigned to describe new system-enhanced tasks. Next, user environment design
occurs by walking through the redesigned scripts and identifying logical places in the
system where one could cluster work activities, work objects, and/or system features.
From the initial user environment design, designers then iterate through a series of paper
prototypes that increase in user interface details.
2.2.2.4 Ethnography and Education

In the 70’s, much of the educational research in the study of computers and
learning was conducted using traditional, quantitative experimental or quasi-experimental
methodologies that sought concrete measurements of learning output (Solheim, 2002).
This educational research view, however, has shifted over time to one that focuses more
heavily on analyzing learning, communications, and knowledge construction in the
natural context in which they occur and are embedded (Cole and Engeström, 1993;
Hutchins, 1995; Latour, 1987; Suchman, 1987). The shift in emphasis has given rise to
the application of more qualitative approaches in educational research including
ethnographic methods.
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Ethnographic methods have been extensively applied in the study of the
classroom culture and environments (Bogdan and Biklen, 1992; Edwards and Mercer,
1989; Graddol et al., 1994; Hammersley, 1990; Lave, 1988, Lave and Wenger, 1991;
Schieffelin and Gilmore, 1986; Spindler, 1982; Spindler and Spindler, 1987; Trueba et
al., 1981; Woods, 1986). They encompass a variety of qualitative techniques designed to
systematically observe and study a culture or institution in its natural setting and context
e.g., Hammersley and Atkinson, 1983; Fetterman, 1989; Spradley, 1980; Strauss and
Corbin, 1990). Such methods have been described as effective approaches to capture
“complex, multifaceted aspects of teaching and learning, and to study the social and
cultural contexts of teaching” (Moallem, 1998, p. 39). As such, ethnography represents a
tried and useful approach towards examining the educational practice and classroom.
Ethnographic methods have also been applied in the evaluation of computers in
the classroom (Blease and Cohen, 1990; Gallego and Cole, 2000; Goldman-Segall, 1998;
Russek & Weinberg, 1993; Savenye and Robinson, 1996; Schofield, 1995; Warschauer,
1999). In addition, other ethnographic work has been centered on the use of computermediated communication (CMC) tools within specific domains or communities (Baym,
1996; Greatbatch, et al., 1993; Heath and Luff, 1992; Miller and Slater, 2000; Tang,
1991; Turkle, 1995). In these studies, ethnographic methods were found not only to be
effective for studying a specific culture or institution, but also effective in extracting and
analyzing the effects and influences of specific instruments or technologies within that
culture or institution. Technologies like CMC tools will modify the way that people
communicate, collaborate, interact, and learn. As emphasized by Baym (1996, p. 161),
“rather than focusing on building predictive models of CMC, more naturalistic,
ethnographic, and microanalytic research should be done to refine our understanding of
both influences and outcomes.”
The application of CMC tools among a community of users establishes what are
known as virtual communities (Preece, 2000; Rheingold, 1993, Smith and Kollock,
1999). In the case where the CMC tools are supporting collaboration among students,
teachers, and classes, participants become part of virtual learning communities (Palloff
and Pratt, 1999; Wenger, 1998). Virtual learning communities present some interesting
concepts and variations when studied through ethnographic methods. For example, an
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important objective of ethnographic approaches is to immerse the researcher in the real
environment and context of the user. For virtual communities, the real environment is in
fact a virtual one that is entered and accessed through a computer. In ethnographic
studies (Baggetun, and Mørch, 2002; Guribye and Wasson, 2002; Hine, 2000), remote
researchers observed students as they interacted and collaborated in on-line learning
sessions. A common complication of virtual observations was that the presence of the
researchers in the virtual environment was often automatically made known to students
through the CMC technology, and students would sometimes initiate contact with the
researchers to ask them questions regarding the assignment or learning activity (Guribye
and Wasson, 2002). If the researchers responded to the student inquiries, they became
facilitators of the learning activity as opposed to detached observers.
Another objective of ethnographic approaches is to capture and study actual
artifacts of work or activity. Virtual learning communities provide virtual forms of
artifacts such as email and bulletin board messages, Webpages, URLs (Universal
Resource Locators), chat discussion, applications, data files, etc. Consequently,
researchers are devising new ways to capture and study virtual, non-physical artifacts.
For instance, researchers (Guriby and Wasson, 1999; Hine, 2000; McConnell, 2002;
Turkle, 1995) have collected and analyzed transaction logs, email archives, chat logs, and
Internet traffic to study and evaluate student interactions. Such electronic artifacts of
interaction are automatic generated by the computer and often viewed by researchers as
instant fieldnotes.
Most relevant to our case study, ethnographic studies have also been performed in
the study of collaborative learning (Dillenburg et al., 1996) and distributed collaborative
learning (Fjuk and Ludviksen, 2001; Wasson, 1998), where not all group members are
co-located. When collaborative learning is mediated through the use of computers and
software, the embodied research field has come to be known as computer-supported
collaborative learning (CSCL) (Bannon, 1989; Koschman, 1996). In ethnographicflavored studies of CSCL, much of the research is focused on specific learning or social
outcomes. To illustrate, Järvelä et al. (2000) researched the sociocognitive impacts of
CSCL, Scardamalia and Bereiter (1994a) focused on collaborative knowledge building,
Hoadley and Linn 2000) investigated the complex reasoning and argumentation patterns
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of students, Edelson et al. (1999) examined science learning and exploratory processes,
Roschelle (1992) studied how students learn concepts, and Brown et al. (1998)
researched the development of cognitive and metacognitive understanding among
students.
With respect to applying ethnographic methods for the sake of deriving
requirements for educational software, a limited number of classroom ethnographic
studies have been performed with this purpose in mind (Stahl, 2004). Druin et al. (1997)
applied ethnographic techniques including participant observation and interviews to
evaluate the use of a “zoomable” sketchpad known as Pad++ (Bederson, 1996b), which
was originally developed as an alternative to windowing environments for general
computer users. Results from the ethnographic study along with design criteria captured
via participatory design methods (see Section 2.2.1.4) were fed into the development of a
new educational software system known as KidPad (Bederson, 1996a).
In the Role of Computational Cognitive Artifacts in Collaborative Learning and
Education project at Drexel University (Stahl, 2004), researchers are also applying a
“micro-ethnography” approach in the design of scientific learning environments for
middle school, high school, and college students. The micro-ethnography approach is
heavily based on concepts in both interaction and artifact analyses. On this project,
researchers videotaped students participating in computer-supported collaborative
learning activities using science learning software prototypes. Researchers then analyzed
the videotape to identify “micro-behaviors” such as turn-taking, participation structures,
gaze, posture, gestures, utterances, and computer interactions as they relate to the use,
manipulation, and transformation of software artifacts. Findings and results from the
analysis were then fed back to the software development team as new design criteria for
the software artifacts.
2.2.3

Scenario-Based Design

The use of scenarios in system design is increasingly pervasive (Carroll, 1995;
Wolf and Karat, 1997). Scenarios are accepted as an effective way to capture, analyze,
and communicate the “broader cognitive, social, and contextual aspect of work” (Mack,
1995, p. 362). The growing popularity of scenarios stems from many factors including
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scenarios' ease of construction, richness of description, and depictions of use. They are
ideal representations for communicating with users because they are intuitive and lack
complex analytical structures.
Like many of the tools and methods that emerge and are applied in HCI, scenarios
evolved mainly to serve a practical role in system design rather than evolving from
theoretical underpinning in cognitive or social sciences. They are being applied to
conceptualize, capture, and represent work processes and contexts. Kuutti (1995, p. 33)
considers this area of representing work contexts as a relatively modern concept that has
an “undeniable theoretical void.” While scenarios are not intended to fully satisfy this
void, they provide useful representations and tools that may immediately be applied in
design and may eventually play some role in the emerging theoretical landscape.
2.2.3.1 Key Concepts in Scenario-Based Design

In its most general sense, a scenario is a description of a process or activity.
Commonly, scenarios are developed in narrative form and written in third person. A
typical form of scenario is the user interaction scenario (Carroll, 1995), which is a
descriptive narrative often describing how computer systems and applications are applied
in the context of specific user tasks and activities. Most often, the user interaction
scenario is used to envision a future situation where a system under design is shown to
support a future activity, which may be derived from an existing work activity that is
impacted and/or changed by the introduction of new technology. User interaction
scenarios may also describe current situations of users applying existing tools and
technologies that are part of their established work environments.
Scenarios, however, need not be in narrative form. They have been developed as
storyboards (Andriole, 1992), scripted prototypes or mockups (Ehn and Kyng, 1991),
acted plays (Boal, 1992), and videotaped observations (Suchman and Trigg, 1993) among
many other forms. Often, scenarios are captured by combinations of media to convey
different aspects or views of the scenarios such as visual interfaces, process flows, and
physical work environments.
Scenarios generally convey user actions but they may also encompass a
variety of other user concepts and characteristics such as users’ intentions,
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motivations, feelings, and expectations in regard to the use of specific
applications. They may also be written at different levels of resolution and detail,
from describing the work context and general user experience with an application
to the specific interactions and data flows that occur among software components
of a system.
An important characteristic of scenarios is its accessibility to users. Typically,
scenarios are written using the vocabulary of users. As such, scenarios provide users an
intuitive and natural system design specification that is couched in terms of user
processes and activities that future systems should support. In this way, scenarios open
up the design process to users – allowing them to create, view, modify, and critique
design representations in the form of scenarios.
From a practical viewpoint, scenarios provide what Carroll (1995) calls a guiding
“middle-level abstraction” that may be effectively and practically applied to capture work
context and use. While a variety of theoretical methods are striving to capture and define
work processes in more formal ways (Winograd and Flores, 1987; Hutchins, 1995;
Rogers and Ellis, 1994; Bødker, 1989), scenarios exist as a practical solution because of
its ease of construction, flexibility of use, and meaningfulness to users. In this sense,
scenarios act as preliminary tools to service current practical design needs.
An important issue in scenario-based design is how to determine whether a set of
scenarios provides sufficient coverage of usages, tasks, activities, and requirements that
the system under design needs to support. How many and what kinds of scenarios are
needed for a complete design specification? This question is analogous to asking a
software engineer whether a functional specification is sufficient to cover all the required
functions of an application. In both cases, required coverage depends largely on the
problems, scope, and domain space to which the application is associated. Many
scenario-based designers believe that completeness and coverage of scenarios may only
be examined and addressed through the empirical process of working with users, where
stakeholders iteratively construct and add new scenarios until they feel that the coverage
of tasks and use cases have been adequately met (Mack, 1995).
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2.2.3.2 Scenario-Based Design and System Development

Although the term “scenario” has most recently gained traction among the
computer science community, the scenario concept has long been a natural and useful
part of most system development processes. More specifically, scenarios have
traditionally played critical roles in both software engineering and human-computer
interaction. Software engineers use scenarios to design and convey how the components
of an application are logically organized and integrated to support specific user needs.
More generally, software engineers use scenarios to plan and demonstrate how a
functional specification and its encompassing features map onto specific user
requirements. In HCI, scenarios are commonly used as test cases in the user evaluation
of an application. They encompass specific user tasks that the application was designed
to support. Scenarios have also been applied in the documenting of applications and
training of users, where they are again used to guide users through specific system and/or
work tasks.
More recently, scenarios have been gaining interest and popularity in an
expanded, more encompassing system development role. In this more recent view,
scenarios are being seen as the central design representation that guides the overall design
process. As described by Kuutti (1995),
…for designing today’s systems it is necessary to describe the use of systems and
work processes where they are embedded in a way that preserves enough
situational complexity, and that scenarios seem now to be the best means
available for that purpose. Despite a certain fuzziness they form a usable and
practical vocabulary that allows designers to describe and discuss work
processes relevant to design.
Scenario-based design emphasizes a use-oriented perspective to system design.
Where traditional system design methods have failed to neither consider nor capture the
full work context in which an application is placed beyond abstracted user requirements,
scenarios brings that work context to the forefront of thought throughout design, and
thus, grounds design in users’ work. In essence, a scenario “makes use concrete-which
makes it easier to discuss and design use” (Carroll, 1995, p. 4). Even more, scenarios
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provide rich, concrete descriptions that are "sufficiently detailed so that design
implications can be inferred and reasoned about” (Carroll, 1995, p. 4). As design
representations, scenarios effectively capture and highlight the salient features and
properties of work.
In contrast, the conventional functional specification often amounts to an
enumerated list of features that is totally devoid of any usage or work context. This lack
of usage and work context leads to questions of whether a functional specification is
arbitrary in construction and even capable of reflecting and addressing the real needs and
requirements of users. Without work context, using functional specifications to evaluate
and validate system designs against users’ tasks and goals may be difficult to achieve.
In the application of scenarios in system development, Kuutti (1995) introduces
two types of scenarios. Application scenarios describe paths of execution through the
functions of an application. They are used to convey the features and capabilities of an
application. In contrast, context scenarios describe the work context in which the
application is embedded. The work context not only specifies the tasks and activities that
users carry out with the application, but also captures the social setting, work resources,
and users’ goals. Kuutti argues that both kinds of scenarios are required in system design
to specify both the internal workings and external use of an application.
Carroll (1995) defines an even more comprehensive list of scenario uses in system
development. He describes how different kinds and variations of scenarios may be
applied to support the various stages of the system development lifecycle from
requirements analysis to summative evaluation, as well as support other critical aspect of
design such as user-designer communications, team-building, and capture of design
rationale (see Figure 2-4).
Like traditional design specifications, scenarios evolve over time within an
iterative design process. As systems features and capabilities change during design, so
do their impact on user tasks and activities. Conversely, as envisioned user activities and
tasks evolve and change, so do their requirements for the technology under design. This
inextricable relationship between user tasks and system features requires us to ground
system design in the projected uses and work context of the application. Scenarios
support such grounding.
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Requirements Analysis: People using current technology can be directly observed to build a scenario description of the state-ofthe-art and to ground a scenario analysis of what subsequent technology might be appropriate: The requirements scenarios
embody the needs apparent in current work practice. A heuristic variant of this approach is to interview users about their practices
or to stage a simulated work situation. A supplemental approach is to hypothesize scenario descriptions; this is less responsive to
users' immediate needs but may facilitate discovering user needs that are not obvious in actual situations, or even apparent to
users.
User-Designer Communication: The intended users of a system can contribute scenarios illustrating design issues that are
important to them, specific problems or strengths in the current technology, or the kinds of situations they think they would like
to experience or avoid. The system designers and developers can also contribute scenarios to such a discussion, since the users
can speak this language. Users and designers together evaluate possibilities for usability and functionality. A heuristic variant is
to include user representatives.
Design Rationale: Scenarios can be a unit of analysis for developing a design rationale. The rationale would explain the design
with respect to particular scenarios of user interaction. Alternative scenarios can be competitively analyzed to force out new
issues and new scenarios. Because such a rationale focuses on particular scenarios, it can be more of a resource for guiding other
lifecycle activities with respect to those scenarios.
Envisionment: Scenarios can be a medium for working out what a system being designed should look like and do. The scenarios
can be detailed to the point of assigning specific user interface presentations and protocols for user actions. Such scenarios can be
embodied in graphical mockups such as storyboards or video-based simulations; they can themselves be early prototypes for the
actual system.
Software Design: A set of user scenarios can be analyzed to identify the central problem domain objects that would be required
to implement those scenarios. These scenarios can then be developed with respect to articulating the state, behavior, and
functional interactions of the design objects. Further scenarios can be run against such a problem domain model to test and refine
the design.
Implementation: The problem domain objects identified and defined in software design can be implemented and run as
scenarios. Developing the implementation of one scenario at a time can help to keep developers focused on the goal of supporting
that specific user activity while at the same time producing code that is more generally useful.
Documentation and Training: There is an unavoidable gap between the system as an artifact presented to users, and the tasks
that users want to accomplish using it. This gap is bridged when documentation and training is presented within the framework of
scenarios of interaction that are meaningful to the users. Such documentation and training is easier to initially make sense of and
to use later on.
Evaluation: A system must be evaluated against the specific user tasks it is intended to support. Hence it is important to have
identified an appropriate set of such tasks for the evaluation. Of course, it is even more useful to know what these tasks are
throughout the development process.
Abstraction: It is often possible to generalize the lessons learned in the design of a given system to design work within a class of
domains. Conversely, it is important to develop and evaluate candidate generalizations across a variety of user task domains in
order to understand the boundary conditions for a given generalization. Thus, it is important to develop techniques for describing
similarities and categorizations among scenarios.
Team Building: Developing and sharing a set of touchstone stories is an important cohesive element in any social system.
Design teams tend to do this, and some of the stories they share are the scenarios that motivated and directed their design work.
Gathering, discussing, and sharing these stories as a group can be an effective means to team building.

Figure 2-4. Roles of scenarios in the system development lifecycle
(Carroll, 1995, p. 7-8).

Scenario-based design practitioners do not generally advocate the replacement of
traditional design methods with scenario-based ones. Rather, the goal is to have useoriented design approaches augment traditional approaches such that the use context
along with system specifications are fully considered and factored into system design.
Traditional design methods are required to ensure that the application is logically
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organized, functionally correct, reliable, efficient, and maintainable. Traditional methods
also take into account practical software development concerns such as working within
schedules and budgets. Thus, scenario-based and traditional system design methods both
play vital roles in system development and their applications and design representations
may be integrated – or at least coordinated – to support use-oriented design.
Among the downsides of scenario-based design, the translation of scenarios to
formal system design specifications is often unclear. Much like ethnographic data,
scenarios may be rambling and discursive and specific user and system requirements may
be difficult to detect or extract. Siddiqi (1994) emphasizes that the transformation from
informal descriptions to formal specifications is one the most challenging and critical
parts of requirements engineering. This holds true for scenario-based design methods as
well.
2.2.3.3 Scenario-Based Design Methods

Scenarios play various roles in system analysis and design. In its physical form,
scenarios are representations of both work processes and work artifact usage. Some
scenario methods are specifically designed to capture work processes and artifact use in a
form that may be reviewed, discussed, and analyzed with or without users. Other
scenario methods, mostly in the field of requirements engineering, define strategies and
step-by-step approaches for extracting requirements from scenarios. Yet, another class of
scenario methods directly applies scenarios in system design by linking and associating
them with other interaction design techniques. In this section, we present and describe
various techniques that fall within the above three classes of scenario methods.
2.2.3.3.1 Work and Use Representations

Scenarios are often applied in system design in informal and open-ended ways.
One view of scenarios is as concrete representations of use that may be analyzed and
operated upon through the various stages of system development. In this context,
scenarios are design artifacts that are applied to capture and evolve user processes and
tasks, and to discover user requirements and design criteria. For example, Nielsen (1995)
uses diary scenarios, which are short descriptions of activities or situations that users
encounter during the course of their work day. Diary scenarios may be written by the
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user or an observer as events unfold. They provide little contextual snippets of user
activities that are “quick and dirty” to collect. When taken together, these snippets
convey the overall work of the user, and the environment in which the work takes place.
Nielson (1995) also utilizes the concept of microscenarios, which are short statements
describing potential uses of a technology or system feature. Microscenarios are used
during brainstorming to quickly capture, organize, and compare design concepts and
ideas. Designers evaluate a set of microscenarios to gather analysis and design criteria
such as the specific uses of a system, motivations for use, potential user classes, and
similarities and distinctions across features.
Some HCI practitioners emphasize the common accessibility of scenarios as
analysis and design representations among users and developers. Such shareable
representations are important in participatory design and accounts for why many
participatory design methods utilize scenarios as analysis and design artifacts (see
Section 2.2.1.3.2). For instance, Erickson (1995) describes how stories allure and engage
users into a dialogue with designers, as they react and respond to pre-formulated design
stories and offer related and analogous stories spawned from their own experiences.
Applying their CARD (Collaborative Analysis of Requirements and Design) technique,
Muller et al. (1995) discuss how cards with preprinted or dynamically drawn pictures
may be ordered and assembled into scenarios to describe existing or potential user
workflows. The researchers also discuss how a low-tech prototyping technique called
PICTIVE (Plastic Interface for Collaborative Technology Initiatives through Video
Exploration) also allows users and developers to walk through scenarios, while evolving
the look and feel of the visual interface. Similarly, Kyng (1995) describes how users and
designers may participate in design workshops, where they jointly simulate, investigate,
and test usage scenarios using mock-ups and prototypes. Techniques such as these favor
the use of scenarios because they are intuitive and easy to construct – making them ideal
for sharing among users and designers.
2.2.3.3.2 Requirements Engineering

More formal uses of scenarios are being applied in the areas of requirements
engineering (Jarke and Kurki-Suonio, 1998a; Wiedenhaupt et al., 1998) and change
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management (McMenamin and Palmer, 1984), where researchers use scenarios to derive
goals and formal or semi-formal conceptual models (Jarke and Kurki-Suonio, 1998b). A
general strategy for working with scenarios within requirements engineering projects,
such as the Co-operative Requirements Engineering with Scenarios (CREWS) project
(Maiden, 1998; Sutcliffe, 1997), is to first construct current scenarios that describe how
users currently conduct their work with existing systems. Current scenarios may be
generated from workplace observations and/or user interviews. Formal current state
models and goal models are then systematically abstracted from the current scenarios
(Haumer et al., 1998; Rolland et al., 1998). The goal models are then mapped to the
current state models in a way as to identify required changes to the state models as
imposed by individual goal requirements. The set of required changes associated with a
specific current state model is often referred to as the change specification. The change
specification is applied against its associated current state model to derive the desired
system model, which in turn, may be demonstrated or described within the context of a
future scenario. The future scenario may evolve from a current scenario. The desired
system model and its associated future scenario then serve as requirements and design
specifications towards the implementation of a new system.
Scenarios generally convey partial, fragmentary information and requirements
that fall along particular paths of system use. Some scenario research in requirements
engineering aim to extend and/or complete user and system models, goals, and
requirements by augmenting scenarios with other more formal methods. For example,
van Lamsweerde and Willemet (1998) have adapted machine learning techniques and
message-trace diagrams to semi-automatically extract declarative specifications of goals,
requirements, and assumptions from interaction scenarios. The declarative specifications
are generated through an inductive inferencing process that is associated with the
Knowledge Acquisition in autOmated Specification (KAOS) (Lamsweerde et al., 1991)
methodology and specification language for goal-based requirements engineering. Lee et
al. (1998) are using Petri nets to provide formal syntax and semantics to use cases, which
are traditionally defined in natural language. The researchers have developed the
Constraints-based Modular Petri Nets (CMPNs) approach that provides formal
definitions and operational semantics and procedures for extracting Petri Net
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representations from use cases. The resultant Petri nets and its corresponding use cases
may then be analyzed to identify inconsistencies and areas of incompleteness.
2.2.3.3.3 System Analysis and Design

As common analysis and design artifacts, scenarios are often combined or
integrated with other existing analysis and design techniques. For example, Johnson,
Johnson, and Wilson (1995) utilize task scenarios to capture common step-by-step
processes that users learn and conduct in their professions. The task scenarios are
analyzed within a larger task-modeling framework where the goal structure, procedures,
and objects along with their properties are extracted from the task scenarios. The
specification of a task broken down into the above elements is known as a Task
Knowledge Structure (TKS).
Maclean and McKerlie (1995) have linked scenarios to a design space analysis
approach known as Questions, Options, and Criteria (QOC). QOC aims to capture the
design space and rationale of a technology or work artifact. Using QOC, the questions
represent key design issues that need to be resolved, the options identify possible design
solutions to a specific issue, and the criteria represent various reasons that argue for or
against particular options. As shown in Figure 2-5, these design attributes are mapped
into a graphical design space where the options and their evaluations become explicit.
Regarding scenarios as design solutions described in a rich, contextual format, QOC may
be applied as “a way of abstracting from the detail in the scenario and of highlighting the
aspects that are salient for the design problem being addressed” (Maclean and McKerlie,
1995, p. 192). The key is to extract issue, solution, and evaluation components from a set
of scenarios and to place them into the QOC framework for analysis. In combining QOC
and scenarios, one may analyze and document design solutions in their use context as
well as the design options and rationale leading to those solutions.
Use cases are variants of scenarios that are popular in object-oriented design. Use
cases are similar to scenarios in that they are descriptions of what a user can do with a
system. They present the system as a black box with particular uses that are applied
within a particular environment. Jacobson (1995) emphasizes the role of use cases in
system development as the first system models that should be constructed. The purpose
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of use cases is to capture functional requirements and to structure object models of the
system into more manageable and practical views. When instantiated, a use case “is a
sequence of transactions performed by a system, which yields a measurable result of
values for a particular actor” (Jacobson, 1995, p. 314). Actors are objects that activate
use cases. They reside outside of a system and may be a person or another system.
Actors and use cases are applied in use case modeling where one identifies the different
classes of actors and use cases, and the overall collection of use cases that define the full
functionality of a system.

Figure 2-5. Question, options, and criteria (QOC) diagram describing
three user interface options (and their associated attributes) for
providing access to various kinds of information (MacLean and
McKerlie, 1995, p. 194).
2.2.3.4 Scenario-Based Design and Education

Scenarios are essential to a number of pedagogical approaches including scenariobased learning (Campbell and Monoson, 1994; Errington, 2003; Kolodner, 1993/1994),
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problem-based learning (Albanese and Mitchell, 1993; Stepien et al, 1993), and casedbased learning (Merseth, 1991; Riesbeck, 1996; Schank, 1991). In such approaches,
scenarios are constructed to frame and provide context for particular problems, issues, or
situations. These scenarios are structured in a way as to teach a particular set of skills.
Students develop these skills as they examine and compare scenarios to find solutions
and draw conclusions. Such scenarios have been applied to a wide range of learning
activities in education such as conveying statistics problems to be addressed through the
use of a spreadsheet (Fortunato, 2002), research problems that may be addressed on
future Mars missions using robots (First Lego League, 2003), cultural scenes and
situations where foreign language speaking may be practiced (Wilson, 2004), and
difficult social situations (i.e., peer pressure, bullying, new friendships, drug abuse) that
often occur among middle school students and their potential resolutions (Chrest et al.,
2002).
In scenario-based design, however, scenarios more represent specific users’ tasks
and activities than problems and issues. Of course, problems and issues are implicitly or
explicitly embedded in the tasks or activities, and are typically extracted and analyzed
during the course of system analysis and design. While the use of scenarios in the design
of business and industry applications has been noteworthy as described earlier in this
section, scenario use in the design of educational software systems has been relatively
limited. On the WHIRL (Wireless Handhelds for Improving Reflection on Learning)
project (Penuel et al., 2002), science teachers in grades 4-9 developed scenarios
describing how portable handheld devices and its running software may be applied in
various classroom learning activities. The scenarios were augmented by paper prototypes
that conveyed the look and feel of the envisioned software. In addition to developing
system design criteria, teachers also specified and captured the pedagogical goals that
each scenario was to address. The scenarios evolved over time as teachers interacted
with system designers and intermediate computer prototypes were evaluated in the
classroom.
Balka and Jones (1998) applied scenarios in their development of a collaborative
mathematics learning environment (see Section 2.2.1.4). The researchers developed
various scenarios focused on the logical construction of mathematical models. The
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scenarios were used to guide middle school students in their development of paper
prototypes. Students would walk through the scenarios - designing screens and user
interface features that envisioned the mathematics learning environment at specific stages
or states. Similarly, other educational software development projects Bell, 1999; Lewis
et al., 1998; Scaife and Rogers, 1998) have also applied scenarios as a way to provide
process context for conducting learning activities and performing system design.
Scenarios have also been applied to link collaborative learning outcomes to
specific software system features. For instance, Van der Puil and Andreissen (2002)
hypothesized that supporting social- and task-oriented aspects of collaboration in a
computer-based learning environment would benefit and enhance the mutual construction
of knowledge among collaborating students. To test this hypothesis, the researchers
carried out experiments with middle school students using text chat and collaborating
writing tool prototypes. Students were to work in two-person groups to write papers on
selected topics. Three classes of scenarios were defined to shape and constrain the
interactions among collaborating students and collaboration technologies. The scenario
classes were transmission, studio, and negotiation scenarios, which individually
highlighted specific aspects of collaborative learning. Transmission scenarios focused on
the problem-solving process in which individual students form and articulate arguments
that support specific concepts intrinsic to the topic under study. Studio scenarios focused
more on the social and task impacts, implications, and processes that emerge from
collaborative activities and technology use. Negotiation scenarios examined how
collaborating students come to agreement on concepts and their interpretations. Using
these scenarios, the researchers designed, incorporated, and tested various features in the
text chat and the collaborative writing tool to investigate which features best facilitated
the different critical processes that were involved in mutual knowledge construction.
Rather than applying scenarios as part of the analysis and design process,
educational technology researchers are also incorporating scenarios as key elements of
the educational software itself. For example, Bell (1999, p. 48) describes what is known
as an Investigate and Decide Learning Environment (IDLE), which provides a “model for
instruction aimed at teaching the conceptual and causal elements of a specific domain or
set of related phenomena, in which the learner is engaged in an inquiry process based in
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analysis (investigation) and synthesis (decision-making).” To guide students in their
inquiry, teachers create goal-based scenarios through a visual authoring tool and place
those scenarios into the IDLE environment for students to apply. As described by
Schank (1994, p. 165), a goal-based scenario is “a learn-by-doing simulation (either
computer-based or live) whereby students pursue a goal by practicing target skills and
using relevant content knowledge to help them achieve their goal.”
In the IDLE environment, a goal-based scenario is specified by the components or
objects of an investigation and its process structure. Components are specified by their
class, superclass, results or output, and visual representation or icon to be shown in the
user interface. Investigation structure defines relationships among components in terms
of samples, tests, results, and outcomes, and is organized by the logic that “Sample W,
when analyzed using Test X, yields Result Y, which supports Outcome Z.” The IDLE
environment was geared towards science learning, but other kinds of investigation
structures could be defined for learning in other domains. The purpose of the goal-based
scenarios was to define investigation paths that would guide students to appropriate
scientific conclusions and achieve specific learning goals.
On another project, Sánchez and Lumbreras (1997) introduce the concept of the
hyperstory, which is a dynamic version of a scenario that is performed within a
hypermedia virtual environment such as a MUD (Multi-User Dungeons) or MOO (MUD
Object-Oriented). Hyperstories extend a hypermedia virtual environment consisting of
hypermedia, objects, and characters by adding narratives or scenarios. A scenario
conveys the objects and a series of events to occur within a particular context. The
scenario is non-deterministic in that the objects it encompasses have dynamic behavior
based on their currently states and the events occurring in the scenario. The hypermedia
property of the virtual environment allows participants to move from scenario to scenario
or context to context in a dynamic way based on the participant’s actions, choices, and
decisions. Hyperstories are intended to facilitate the development of cognitive structures
that determine tempo-spatial relationships in students – raising their consciousness of
their own positions and the positions of other participants and objects in space and time.
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2.2.4

Relationships Across Fields

Participatory design, ethnography, and scenario-based design are all multi-method
fields that are each comprised of dozens of documented methods. Within these fields,
practitioners have great flexibility in choosing combinations of methods to suite the
circumstances and needs of their particular system development projects. Moreover,
many methods are common across these fields. This should not come as a surprise since
these three fields all relate to the capture and analysis of work processes and contexts as
previously described.
In examining the relationship specifically between participatory design and
ethnography, we note that ethnographic methods are not inherently participatory, because
users generally do not participate in the analysis of collected ethnographic data.
Nevertheless, ethnography may play an important role when combined with other
participatory design methods to establish mutual learning on a project among users and
developers. Mutual learning is an important objective of participatory design.
When viewed along Muller’s (1993b) taxonomy of participatory design methods
(see Figure 2-2), ethnography is classified as participatory design methods that bring
developers into the world of the users by exposing the users’ work activities and context.
Ethnography provides a mechanism for developers to access the everyday practice of
potential users, and to apply that practice towards the development of software systems.
In the opposite direction, we want also want users to participate in the world of
developers by directly performing requirements analysis and system design functions.
The bulk of participatory design methods are designed for this specific purpose. Thus,
ethnography may play a very complementary role with other participatory design
methods.
With respect to participatory and scenario-based design, many participatory
design methods use some form of a scenario as the main representation of tasks or work
activities, i.e., future envisionment often relies on narrative descriptions, storyboard
prototyping and mock-ups use walkthrough scripts, and storytelling is centered on rich
and expressive stories. Although scenarios are not necessarily meant to be analyzed by
users, they have properties which make them conducive to this very use. Scenarios are
natural and intuitive representations of work that are constructed in the language of the
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user, and thus, comprehensible to users. Because they are based on natural language and
lack complex analytical structures, scenarios are straightforward to construct and apply.
They may be couched at different levels of resolutions from the high-level tasks of users
to the low-level interactions among system components. These are the qualities that
make scenarios useful and effective representations to apply in participatory design.
Ethnography and scenario-based design may also be connected. Scenarios may
be constructed to convey descriptions of both existing and envisioned situations. In the
case of the former, a current system scenario may be constructed from information
gathered from interviewing users or observations taken at the workplace. In this context,
a current system scenario bears similarity to ethnographic records, which also serve to
detail and describe user and work activities. Current system scenarios are generally more
abstract, in summary form, highlight critical interactions between users and systems, and
geared towards identifying user requirements and design criteria, while ethnographic
records by nature are much more detailed and comprehensive. Various practitioners
(Kyng, 1995; Carey and Rusli, 1995) have compiled current system scenarios with
ethnographic data and results such that they may access the wider context and deeper
meaning of a scenario and its elements during analysis and design.
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3

The Progressive Design Development Framework
The general view and position among the participatory design community is that

participatory design has a positive influence and impact on the design of software
systems. Yet, there has been very little discussion or evaluation on what elements or
aspects constitute an effective and useful participatory design method or methodology
beyond the high-level motivations and objectives that are often associated to participatory
design as a general system design approach. Moreover, a variety of system development
projects have applied combinations of participatory design methods within larger system
development frameworks (Bødker et al., 1987; Floyd, 1993; Grønbaek et al., 1993), but
the selection of participatory methods to be incorporated into these frameworks have
largely been motivated by the desire to have users participate in system design in as many
ways as possible rather than to adhere to some logical system development model.
Nevertheless, we submit that the effectiveness of a participatory design approach is
delimited by the effectiveness of the specific methods that are applied and their
integration into an encompassing system development model.
Different projects and domains will have different requirements for and barriers to
user participation. Thus, the selection and integration of participatory design methods is
not arbitrary. For any domain and project, participatory design practitioners must make
choices among participatory design methods, and these choices should be based on the
needs, objectives, and circumstances of the development project and project team
members. For instance, participatory design methods used in the design of newspaper
publishing (Bødker et al., 1987) or project management (Grønbaek et al., 1993) systems
may not necessarily be the most effective nor useful in the design of educational
technology. Practically-speaking, the specification, design, and implementation of a
system development process or model that coherently and logically integrates a set of
analysis and design methods should be a crucial part of any participatory design effort.
For our case study, we sought to construct an appropriate participatory
development model that would be based on practical and logical design principles. In
this chapter, we describe the specific participatory design methods that were employed in
our case study and the manner they were integrated into a system development model we
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call Progressive Design (Chin and Rosson, 1998). We then discuss the key organizing
principles to which the Progressive Design model conforms – highlighting the critical
factors and issues we addressed when putting the development model together.
3.1

Methods and Methodology

Many participatory design practitioners consider the system design process
secondary to the establishment of a symbiotic, enduring relationship between users and
designers. For example, Suchman (1993, p. viii) emphasize that participatory design
should focus on developing a “more humane, creative, and effective relationship between
those involved in technology’s design and use.” Clements and Van den Besselaar (1993,
p. 33) elaborates this view in writing, “several [participatory design] researchers noted
that it was not the particular methods and techniques that were decisive [in system
development], but a strong political focus on participation, communication, and
learning.” The result of this sentiment is a certain resistance to characterizing
participatory design as a set of analysis and design techniques. As noted by Brown
(1997, p. 34), participatory design “advocates do not see methodology as central to
producing a good product.”
Nevertheless, many participatory design practitioners also consider methods as a
practical necessity (Muller et al., 1997; Dayton, 1991; Karat and Dayton, 1995). As
Kensing and Munk-Madsen (1993, p. 84) lament of participatory design projects, “far too
often problems in real-life projects are caused by developers using inadequate tools and
techniques.” Proceeding further, Madsen and Munk-Madsen (1993, p. 79) continues
…a person’s interaction domain is his or her domain of cognition. This implies
that the kinds of activities in which we are involved delimit the kinds of knowledge
we are able to develop. It further implies that the tools we apply in these
activities delimit the kind of knowledge we are able to develop.
The development and dissemination of knowledge is driven by the specific
interactions that take place and methods that are employed. Since a critical goal of
participatory design is the mutual exchange of knowledge among stakeholders, the
methods we apply must be sufficiently capable of facilitating this exchange, or at a
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minimum, must not inhibit or restrict it. Analogous to the way that computer
applications are viewed as “tools” to accomplish work, participatory design methods
may too be viewed as “tools” that facilitate mutual design and promote a robust
working relationship between designers and users.
An even bigger question is the issue of methodology. Participatory design
projects generally do not utilize a single, isolated participatory design method but
rather a variety of methods within a larger design framework. For instance, the
UTOPIA project (Bødker et al., 1987) incorporated various participatory design
methods including use models, mock-ups, low-tech prototypes, and an organizational
toolkit into a unified methodology. Similarly, the EuroCoOp project utilized
ethnographic methods, future workshops, mock-ups, and low-tech prototypes in their
development efforts (Grønbaek et al., 1993). This begs questions of how important
are participatory design methodologies and what comprises a good methodology?
Focusing on practical concerns, Muller et al. (1997) argue that design
methodologies are useful for providing iterative, flexible, and guiding frameworks for
applying analysis and design methods. In the case of participatory design, such
frameworks or methodologies are particularly important in the “piecemeal,
incremental, experimental introduction of participatory approaches in organizations
that have previously relied on non-participatory software methods” (Muller et al.,
1997, p. 260). The aim is to promote the application and acceptance of participatory
design methods and approaches among existing system designers and software
engineers.
From a more general view, Brown (1997) makes a case for methodology in
system design by enumerating specific benefits that include:
•

providing a view of the overall development process,

•

conveying the importance of the various stages of system development to
stakeholders,

•

structuring the development work to be performed,

•

allowing one to assess the current progress of system development towards
the deployment of a final system,
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•

identifying the key players in the development of a system, and

•

identifying development tasks belonging to different stakeholders.

These qualities would be important to and desirable for any system development project.
Furthermore, a flexible, guiding methodological approach will allow practitioners to
better situate participatory design methods within a system development lifecycle. In the
case of traditional software engineering approaches (Pressman, 2001), participatory
design practitioners may be able to better integrate participatory design methods with
more conventional analysis and design methods if a methodological framework was
available. A related issue would be how structured or systematic should a participatory
design methodology be? Should they enforce rigid, step-by-step processes?
In developing the Progressive Design framework, we sought to apply the notion
of methodology in a flexible, dynamic way. We were uncertain how capable and
comfortable students and teachers would be in performing analysis and design functions,
and thus, needed to adjust and/or swap methods as we learned more about the students
and teachers skills and abilities. From the viewpoint of methods, interaction with
students and teachers was a discovery process for all parties: students and teachers were
discovering how to analyze and design systems while designers and developers were
discovering how to interact and work with students and teachers to achieve the best
product and outcome.
In the end, Progressive Design comprised a toolkit of methods similar to Kensing
and Munk-Madsen (1993). We identified a suite of participatory design methods that we
believed would be effective and useful and collected them into a virtual toolbox. The
approach was to select methods from the toolbox as needed based on the stakeholders
who were participating, state of analysis and design, and current position on the system
development timeline. Participatory design practitioners may then interactively select
and apply methods based on the dynamic needs of the current analysis and design
situation. Under this strategy, selecting a useful and usable set of methods for the
toolbox was a crucial first step.
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3.2

Participatory Development Toolbox

In Section 2.2, we described relevant concepts and methods in the related fields of
ethnography, scenario-based design, and participatory design. The Progressive Design
framework draws from these three fields because each contributes unique capabilities and
benefits to HCI design. The anticipated contributions by each of these fields included:
•

Ethnography - provides methods for capturing and analyzing workplace
processes, environment, and context. Data collection and analysis may occur
before and/or after the technology is introduced.

•

Scenario-based design - grounds design process on universal representations
that may be developed by users, designers, and developers alike. Scenarios
provide a versatile medium for carrying out both requirements analysis and
system design.

•

Participatory design - promotes general design guidelines that emphasize the
direct, active involvement of users and other stakeholders in system analysis
and design.

In deriving Progressive Design, we turned to ethnography to examine and
characterize the classroom context, scenario-based design to provide consistent design
representations and to generate requirements and design features, and participatory
design to bring users into the design process. The underlying goal was to integrate these
fields in a way that was logical and leveraged each field’s unique capabilities and
benefits. With this in mind, we populated the Progressive Design toolbox with methods
from the aforementioned three fields to support our participatory development efforts.
An important consideration in the selection of methods was to assemble a
collection that had compatible concepts and representations since the methods would be
applied together throughout analysis and design. The dynamic use of methods was best
facilitated if we could interchange methods as well as easily transition from one method
to another. If transition among methods were difficult, the ability to evolve analysis and
design results would be severely hampered. A compatible toolkit will allow us to
organize and apply our analysis and design work with users in a consistent fashion as
well as enable an orderly progression to a successful final design and product. To this
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end, we proposed a methods toolbox for Progressive Design that promoted the following
capabilities:
•

allows users to participate in requirements analysis,

•

entrenches requirements analysis in user activities,

•

provides consistent methods for all participants (empowers users as analysts
and designers by giving them the same tools and methods that designers and
developers apply),

•

employs consistent design representations throughout analysis and design,

•

considers the design of both the target system and the workplace activity that
will exercise it, and

•

evolves requirements and underlying usage context in an organized and
principled fashion.

In the following section, we describe the set of methods that were collected into
the Progressive Design framework to satisfy the above criteria. We then describe the key
organizing principles to which the selected methods conform in the latter part of this
chapter. In Chapter 4, we discuss in greater detail how these methods were applied
together to produce analysis and design results over the course of our case study.
3.3

Analysis and Design Methods

With Progressive Design, we were to apply various analysis and design methods
that were typically associated with the fields of ethnography, participatory design, and/or
scenario-based design. In this section, we further elaborate the selected techniques and
describe how they were generally utilized in Progressive Design and in the case study.
3.3.1

Overt, Non-Participant Naturalistic Observations

Through naturalistic observation as previously described in Section 2.2.2.3.1,
analysts may enter into a workplace or institution to observe users’ actions and behaviors
in their natural settings. In the case of system design, we particularly wanted to view and
capture the work context, user tasks, and work artifacts that computer systems could
support, enhance, or replace. The level of immersion into the workplace or institution by
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analysts depend largely on practical and logistical issues such as the amount of time
available to gather observations, the realistic ability of analysts to operate as true
participants and members of the institution, and the political, social, and cultural
boundaries and barriers in place in the institution (Spradley, 1980).
In our case study, analysts could not realistically pass as middle school or high
school students given the disparities in ages and maturity levels. Thus, non-participant
observation was the appropriate course. From a practical perspective, non-participant
observation was also more economical since it required little prefatory political, social,
and cultural grounding, and thus, required less time to conduct. In addition, the LiNC
project chose a path of full disclosure of research activities to parents and students, and
student participation in research studies required signed consent agreements from parents.
As a consequence, all observations were to be overt.
3.3.2

Open-Ended and Semi-Structured Interviews

Interviews uncover and capture users’ own perspectives of their work context,
tasks, and artifacts. In the case where observations have been recorded and made
available, interviews also allow users to provide clarification or elaboration on actions
and behaviors that have been captured on media. In conducting interviews, we would
rely heavily upon both open-ended and semi-structured approaches as described in
Section 2.2.2.3.1. Interviews were captured on either audiotape or videotape. Figure 3-1
shows snapshots of middle school student, high school student, and teacher participating
in interviews.

Figure 3-1. Snapshots from interviews of middle school student, high
school student, and teacher.

88

In the initial planning of the Virtual School collaborative learning environment,
the features and capabilities of the system were not set and we had the freedom to select
the aspects of collaborative learning we wished to support through computer technology.
Rather than specifying those aspects ourselves, we wanted students and teachers to
identify the features and capabilities that were most important and critical to them. For
this reason, we sought to apply open-ended interviews early on in the analysis and design
process. Using open-ended interviews, we would encourage users to elaborate their
views and to take the discussion in directions they considered most relevant. During
these interviews, we wanted to operate mainly as “listeners” rather than “interviewers.”
As analysis and design proceeded, the scope of our investigation would become
increasing specific and detailed as more and more aspects and features of the target
system design and learning activities became designed. Consequently, we would utilize
semi-structured interviews to focus discussion on specific issues and features that have
evolved through the analysis and design process. Students and teachers would continue
to direct the discussion, but within the topical framework embodied by the current state
of the system design and learning activities.
Key-informant interviewing would also be conducted with the four teachers who
were part of the LiNC project and who were compensated for working with researchers
and developers on the project. Through long-term interactions, LiNC teachers, designers,
and developers would form strong working relationships and attain certain levels of
mutual trust. Students, on the other hand, would be randomly selected by teachers to
participate in interviews. We expected to interview a wide diversity of students over the
course of analysis and design, because teachers wanted to share the novel computer
technology and research experience with as many students as possible and also worried
that limiting the experience to a small group of students would take too much of the
selected students’ classroom time away from other educational activities.
3.3.3

Video Observation

Much of our observations would be focused on group activities as they occurred
around physical laboratory workbenches or computers running collaborative software. In
the case of collaborative computer activities, we expected that specific computer-based
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learning activities would be designed by teachers and researchers, and carried out in the
classroom with students on specific dates. Thus, we most likely would only have a
limited opportunity to evaluate the specific features and capabilities of a current
prototype and its associated learning activities. For these reasons, we sought to employ
video observation as a way to capture and collect the full context of the collaborative
learning activities and to make it available for repetitive analysis. As shown in Figure
3-2 and Figure 3-3, videotaped observations would typically capture science teachers and
students engaged in traditional science classroom activities. Video observation was
previously discussed in Section 2.2.2.3.1.

Figure 3-2. Teacher assists middle school students on a melting/freezing
point experiment with an unknown substance.

To limit our intrusion into the collaborative learning activities, we planned to
conduct passive videotaping where cameras would be left unattended during the course of
filming. The common set up would be to have two cameras: one camera focused on the
screen, desk surface, or work area while the other focused on the larger view of users
interacting with the screen, desk surface, or work area. We planned to have parallel
videotaping sessions conducted across multiple groups as the classroom learning
activities were carried out.
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3.3.4

Contextual Inquiry

As described in Section 2.2.2.3.1, Contextual Inquiry is an ethnographic analysis
approach where analysts enter into the workplace to observe and interview users during
the course of their normal work. We intended to use the situated interviewing technique
that is only a part of the Contextual Inquiry methodology in addition to the passive
approaches of naturalistic observation and passive videotaping. Using this technique, we
would interrupt students during their course of conducting experiments and interacting
with one another to ask them questions about their actions and behaviors. We would try
to limit our interruptions on any particular group, so as not to entirely disrupt their
learning and collaborative processes and activities.

Figure 3-3. High school physics students explore inelastic collisions
using a metal track, near-frictionless metal cars, and photometric
sensors.

We also planned to interrupt and query teachers on their actions and behaviors as
well as they moved from group to group interacting with and guiding students. In
addition, we would also ask teachers to interpret the actions and behaviors of students as
they occurred from a distance with the idea that teachers could draw from their
educational experiences, knowledge, and seasoning to make informed and insightful
interpretations. The main objective for applying Contextual Inquiry would be to allow
students and teachers to interpret their own actions and behaviors with the full situational
and cognitive context fresh in their minds.
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3.3.5

Developmental Research Sequence

With the objective of having ethnography help drive requirements analysis and
system design, and having users directly involved in the analysis, we sought a specific
ethnographic method or approach that was reasonably structured, may be consistently
applied, and would produce applicable requirements and design criteria that could be
absorbed by analysis and design processes. We found the Developmental Research
Sequence (DRS) (Spradley, 1980) to be an appropriate ethnographic analysis approach
that encompasses the aforementioned attributes. In this section, we will abstractly
describe the general characteristics and stages of the DRS ethnographic approach. In
Section 4.1.2, we will illustrate how DRS was practically applied in the case study as
well as show example products and results.
As shown in Figure 3-4, DRS is a four-phased ethnographic process. Unlike the
methods presented thus far, DRS is an analysis approach consisting of multiple methods
that are logically connected. The first step of DRS is to identify the various domains or
“categories of meaning” present in observations and interviews. We establish a set of
domains by elucidating the different features of a situation and then identifying the
encompassing categories which organizes those features. Features or “terms” are
“anything conceivable, including eye blinks, ghosts, automobiles, dreams, clouds, and
secret wishes” (Spradley, 1980, p. 88-89). To identify a rich set of features, we ask
specific questions of our collected data. Developed by Spradley (1980), Figure 3-5
presents a matrix of questions from which we may apply to identify relevant features.
The questions are organized along the nine dimensions of social situations of space,
object, act, activity, event, time, actor, goal, and feeling.
Once we have accumulated a large set of features, we look for specific
organizations and relationships among those features. As shown in Figure 3-6, Spradley
(1980) has defined a set of common semantic relationships that may be applied to initiate
analysis. A specific set of features and its encompassing relationship comprise a domain.
Domains group related elements such as objects, places, people, events, actions,
interactions, behaviors, and feelings. The process of identifying features and generating
domains is called domain analysis. Domain analysis is likely to produce an enormous
number of domains. From this large set, we identify those that are most critical to the
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problem we wish to solve or the situation or context we wish to characterize. Further
ethnographic analysis will proceed only on a select number of critical domains.

Domain
Analysis
Domains
Taxonomic
Analysis
Taxonomies
Componential
Analysis
Dimensions of Contrast
Themes
Analysis
Themes

Figure 3-4. Analysis phases of the Developmental Research Sequence.

In the next stage of DRS, we apply taxonomic analysis on key critical domains to
uncover their full underlying organization(s). We look for additional relationships among
the features of a domain to derive additional sub-domains or sub-categories. Subdomains may be further decomposed – generating an overall hierarchical structure or
taxonomy. A taxonomy effectively provides a multi-level classification system for
organizing features of a domain.
Once a general taxonomy has been defined, we may further elaborate the
elements of the taxonomy by identifying distinctions among them. Identifying
distinctions is a matter of examining the elements of a taxonomy to find key differences.
Spradley calls these distinctions dimensions of contrast, and the process of developing
these distinctions componential analysis. We may map the elements of a domain or
taxonomy against the dimensions of contrast to construct a paradigm. A paradigm
reveals the attributes that uniquely distinguish the elements of a domain or taxonomy.
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Figure 3-5. Matrix of ethnographic questions organized by social
situations (Spradley, 1980, p. 83).

The final stage of DRS is themes analysis where we search for specific patterns or
themes that occur in the data. Some themes emerge directly from observations and
interviews when we see certain events or features reoccur. We may also derive themes
more analytically by searching for patterns and tendencies in our taxonomies and
paradigms. Patterns might appear as clusters or paths of similar features within a domain
or across multiple domains. Both observational and analytical methods are valuable and
often complementary. Themes extracted directly from observations and interviews are
generated rapidly and identify patterns that are easily captured and discerned. These
themes are typically the most conspicuous and prominent. Themes analytically derived
are often more subtle. In many cases, such themes may be hidden from the observations
of both analysts’ and subjects’. The analytic approach provides a way to discover subtle
or tacit themes that come unseen to the naked eye.
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Figure 3-6. Common semantic relationships and their basic forms
(Spradley, 1980, p. 93).

We should note that Figure 3-4 conveys the general flow of analysis in DRS.
This does not imply that specific analysis representations and results are fixed upon
moving downstream in the DRS process. To the contrary, analysis representations and
results continually evolve and interact over time. For example, componential analysis
may modify an associated taxonomy be identifying new relevant sub-categories and
associated domains by uncovering new features and relationships. In DRS, the overall
collection of domains, taxonomies, dimension of contrast, paradigms, and themes provide
a complete survey of a culture, practice, or situation. These are some of the key analysis
representations and results we will be using to make sense of the educational practice and
environment before and after new educational technology is introduced.
3.3.6

Task-Artifact Framework

To support participatory analysis and design, we sought analysis and design
representations and methods that were comprehensible and usable by users and
developers alike. In addition, representations and methods needed to convey not only
technological features and capabilities, but also the work processes and context in which
the technology was to be placed. A scenario-based approach seemed logical based on
these two criteria. Consequently, we selected the Task-Artifact Framework (TAF)
(Carroll and Rosson, 1992) as our primary analysis and design approach. Again, in this
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section, we will abstractly describe the general characteristics and stages of the TAF
framework. In Section 4.2.1, we will illustrate how TAF was practically applied in the
case study as well as show example products and results.
In TAF, Carroll and Rosson (1992) develop a methodology which elaborates
concrete descriptions of tasks and artifacts. As shown in Figure 3-7, tasks and artifacts
are linked through the task-artifact cycle in which user requirements embodied in user
tasks drive the design or redesign of artifacts. Conversely, capabilities and constraints
embodied in the artifacts determine the set of possible tasks the user may perform.
Requirements

Tasks

Artifacts

Possibilities
Figure 3-7. The task-artifact cycle (adapted from Carroll and Rosson, 1992, p. 185)

In our case study, we “operationalized” TAF into four separate stages as defined
below (Chin et al., 1997):
•

Scenario generation - sets of use scenarios are developed. Each scenario
should exemplify a particular use of an artifact. Each set of scenarios should
provide reasonable coverage of the possible uses of a particular artifact.

•

Claims analysis - claims are extracted and analyzed from the scenarios. A
claim is a causal relationship between a feature of an artifact and a
consequence of that feature. For example, suppose we have the claim, “a
blinking icon quickly captures the attention of the user in the event of an
emergency condition.” The feature of this claim is a blinking icon. The
consequence is that the feature quickly notifies the user in the case of an
emergency. Consequences may either be positive or negative. In our
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example, the consequence is positive because it designates a desirable
capability of the feature. During claims analysis, claims are organized into
claim schemas which groups a feature along will all of its consequences.
When thinking about the consequences of a feature, we generalize from the
consequences as exposed in the scenario to possible consequences in other
situations.
•

Features envisionment - we envision new or refined features by analyzing the
claim schemas of the original features. Envisioned features are created or
refined by enhancing the positive consequences and mitigating the negative
consequences of the original features.

•

Scenario envisionment - once envisioned features are produced, they may be
incorporated into new envisionment scenarios. Envisioned features will likely
modify the activities in which the original features were applied. Thus,
envisioned features may no longer be relevant to the original scenario.
Nevertheless, an envisionment scenario should follow the patterns or steps of
the original scenario from which it is based.

The steps of the TAF are depicted in the data flow diagram of Figure 3-8. As illustrated
in the figure, TAF may be iteratively reapplied on envisionment scenarios to further
evolve the design.
With TAF, system development starts from an analysis of implicit requirements
embodied in user tasks. The TAF describes an iterative model of analysis and design: the
analysis of requirements scenarios guides the development of envisionment scenarios. In
this framework, the question of direct user participation in requirements analysis becomes
an investigation of users participating in the analysis of their own usage scenarios.
Design occurs in the steps of envisioning features and scenarios. During design,
we scrutinize our claims and reason about how to create new features or refine our
original features to improve the consequences. For integration and validation of features,
the envisioned features are then attached to particular instances of use as they are inserted
into envisionment scenarios. The results of the design process are envisionment features
and scenarios which may again undergo claims analysis.
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Scenario
Generation

Initial
Scenarios

Claims
Analysis

Claims

Features
Envision
-ment

Envisioned
Scenarios

Envisioned
Features

Scenario
Envision
-ment

Figure 3-8. Steps of the Task-Artifact Framework.

A basic notion of the TAF is that any particular system development project takes
place in a wider context of technology development in which human artifacts and human
tasks co-evolve. The artifacts-in-use of current technology embody affordances and
constraints for human activity; at the same time, the tasks people engage in embody
requirements for further technology development. Understanding artifacts in terms of the
scenarios of use they enable and obstruct makes it possible to more deliberately manage
the co-evolution of tasks and artifacts.
3.3.7

Paper Prototyping and Storyboarding

Scenarios and claims analysis through TAF would allow us to derive abstract
features of educational software as they relate to associated learning activities and the
classroom. Through user interface prototyping, we may further evolve these features to
take into consideration both the visual and computational environment. Features would
become more concrete as they were given visual form and the interactions among them
would be highlighted in the design of the user interface. Participatory user interface
design carries the well-known risk that participants may end up focusing on detailed user
interface issues rather than defining the key functionality of the system, but this implies
that functionality is being derived directly from its form (i.e., the user interface). In our
case, the opposite is true. User interface prototyping would elaborate form from features
and functions initially defined elsewhere (i.e., scenarios, claims analysis). In this way,
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user interface prototyping would concretize and extend the functionality of the system as
opposed to initially defining it.
To involve students and teachers in user interface design, we planned to initially
apply low-fidelity paper prototyping techniques such as simple sketching and PICTIVE
(Plastic Interface for Collaborative Technology Initiatives through Video Exploration)
(Muller, 1991; Muller, 1992) as described in Section 2.2.1.3.3. In low-fidelity
prototyping, participants would employ common office accessories such as markers,
Post-It notes, scissors, and tape to construct rough and informal prototypes (see Figure
3-9). The availability and use of these low-tech accessories would provide users and
designers with common tools for and equal access to user interface design. As features of
the user interface were agreed upon and became standardized, they would be migrated to
a computer user interface prototype. The purpose of the low-fidelity prototype would be
to elaborate functions and features whereas the purpose of the computer prototype would
be to fine tune user interface details.

Figure 3-9. Teachers, students, HCI designers, and software developers
construct low fidelity paper prototypes using common office supplies.

Paper and computer prototypes would amount to a series of user interface screens
that were organized to convey specific user paths through designed educational systems.
Essentially, these are to be storyboards (see Section 2.2.1.3.3) that tie system and user
interface features together along both space and time. Storyboards would convey the
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underlying tasks or activity for which system features were intended to support. This
same role also holds true for the scenarios we plan to develop earlier in the analysis and
design process via TAF. Thus, the storylines of the storyboards could and should
naturally evolve from earlier scenarios.
3.4

Organizing Principles of Progressive Design

The selection of participatory methods and their integration into Progressive
Design was driven by a number of key organizing ideas and principles. In this section,
we discuss Progressive Design in the context of these important principles.
3.4.1

Evolutionary Development

Most modern software engineering approaches promote an iterative development
cycle that produces a series of incremental software prototypes or products. The very
nature of prototyping is to create a series of implementations that are increasingly
functional and converges to a final, deployed system. Through prototypes, developers
gain a clearer picture of what the eventual system should provide. Iterative development
methodologies such as the spiral model (Boehm, 1988) shown in Figure 3-10 formalizes
the system development cycle to consist of concrete steps in analysis, design, and
implementation that are repeated over time. The results and products of each cycle move
successively closer to the final system.
Modern HCI design approaches are also iterative as users are tasked to
continuously feed requirements to developers as well as work with developers to evaluate
the usability of incremental designs. The objective of iteration in HCI design is largely to
converge to an interface that meets the needs of users. Generally, HCI design is a
discovery process where designers discern requirements and design criteria through
continued interactions with users. A popular HCI model known as the Star Life Cycle
(Hix and Hartson, 1993) emphasizes this iterative property of HCI design – supporting
the repetitive evaluation of prototypes and intermediate design products. As shown in
Figure 3-11, designers perform various system development functions always followed
by some form of usability evaluation (presumably with users) to evaluate development
products as they emerge.
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Figure 3-10. The spiral model of the software process (Boehm, 1988, p. 64).

Figure 3-11. The Star Life Cycle (Preece, 1994, p. 49).

As depicted in Figure 3-12, the general development process deployed in
Progressive Design is also iterative, consisting of analysis, design, and implementation
phases. The development cycle of Progressive Design has some distinguishing
characteristics. First, the development process encompasses participatory analysis and
design activities, and thus, conveys development activities in which both developers and
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users engage. Second, the types of analysis and design artifacts that are generated and
passed in the development process are non-traditional. Rather than requirements,
analysis results are represented by classroom taxonomies, paradigms, scenarios, features,
and claims. Instead of design feature lists, design criteria are conveyed through
envisionment scenarios, features, claims, and paper prototypes. In addition, developed
prototypes are accompanied by designed computer-based learning activities that serve as
use cases for the prototypes. In iterative prototyping, analysis and design representations
evolve and refine over successive iterations. The analysis and design representations of
Progressive Design are capable of supporting various levels of resolution and refinement.
And since we are engaging in a participatory endeavor, the analysis and design artifacts
of Progressive Design will not only become more accurate and detailed over time, but
also more representative of the consensus view of different stakeholders.

Participatory
Analysis

Classroom Domains,
Taxonomies, Paradigms,
Themes, Scenarios,
Features, and Claims

Computer Prototype and
Computer-Based
Learning Activities

Participatory
Development

Prototype
Development
Envisioned Scenarios,
Features, Claims, and
Paper Prototypes

Figure 3-12. Iterative development cycle of Progressive Design.

From a different perspective, an iterative development cycle also provides
participants opportunities to form close working relationships. As we previously
discussed in Section 1.1, a desired outcome of our case study is the promotion of mutual
learning among users and designers. Users gain the skills and working knowledge to
design systems to be deployed in their work. Designers gain an understanding of the
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user’s practice and the overall work context. As designers and users develop greater
skills and deeper knowledge over time, together they become more capable of developing
more effective and functional systems. The iterative development process of Progressive
Design should support and facilitate the evolution of mutual learning through the
incremental development of skills and knowledge.
3.4.2

Domains of Discourse

Mutual learning may also be viewed from the perspective of conversing and
sharing knowledge of one another’s domain. In this view, users possess knowledge of
their current work while designers possess knowledge of potentially applicable
technologies. Through an integration process as shown in Figure 3-13, users and
developers share and apply their knowledge to create a new system. Design is a process
of “bridge-building” as a new system is generated from the integration of two separate
domain spaces. Shared knowledge is a crucial product of analysis and design, because it
serves as the basis for participants to make decisions on what features to incorporate into
a system, and whether and how to use a system once it has been deployed. From an
epistemological standpoint, mutual learning is important to gradually evolve and
disseminate the knowledge required to effectively develop new systems and deploy them
in the workplace.

User’s Present
Work

Technological
Options

Design
Process

User’s New
Work

New
System

Figure 3-13. Domains of discourse in the design process (adapted from
Kensing and Munk-Madsen, 1993, p. 80).
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Knowledge dissemination is achieved through communications as users and
developers converse, interact, and collaborate on shared development goals. In this light,
Kensing and Madsen (1993) describe the organizations of knowledge in Figure 3-13
(rectangles) as “domains of discourse,” where users and designers share and integrate
knowledge from their specific areas. Additionally, Kensing and Madsen argue that the
successful development of a new system depends on the effective communication of
knowledge of present work from users and technological options from designers. New
systems are then developed from the integrated knowledge of the work and the relevant
technologies. We have added “User’s New Work” as a fourth domain of discourse to the
communication model to fully consider the usage context in which a new system is
introduced. The user’s current work is impacted and modified by the introduction of new
tools and technologies, and thus, we need to envision and design new work that is driven
by knowledge of the existing work and introduced technologies. The basic premise of
Figure 3-13 is that communications must occur and knowledge must evolve in all four
domains of discourse for system development to be effective in serving real user needs.
For Progressive Design and our case study, the domains of discourse were
centered on science education and collaborative technologies. From a methods
perspective, we needed to ensure that the methods and representations we adopted would
support cross-disciplinary discourse. In our case study, we were able to apply our
Progressive Design to elicit and capture both pedagogical and technological ideas,
concepts, processes, and rationale. Additionally, we were also able to use both
ethnographic representations (features, taxonomies, paradigms) and scenario-based
representations (scenarios, features, claims) to encode and convey pedagogical and
technological data and results as well. Methods and representations were applied in the
analysis of existing learning activities and collaborative technologies, and in the
development of new educational software and new or modified learning activities in
which that software is employed; thus, covering the four domains of discourse identified
in Figure 3-13.
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3.4.3

Knowledge Development and Dissemination

As shown in Figure 3-14, Kensing and Munk-Madsen (1993) considers
knowledge to exist at two different levels: abstract and concrete. Abstractions are
required to provide a manageable overview of knowledge. They condense knowledge
into kernels of concepts that are more easily transferred and operated upon during
analysis and design. They are concise structures or representations applied by people to
convey a much broader view or vision. Abstractions, however, are only meaningful if the
knowledge bearer can relate them to their realm of experience. They have implicit
contexts that may only be deciphered and understood by those who have had concrete
experiences with associated concepts. As described, both abstract and concrete
knowledge are important to capture in analysis and design.

Abstract Knowledge

Concrete Knowledge
Figure 3-14. Two levels of knowledge required in the design process
(Kensing & Munk-Madsen, 1993, p. 80).

Domains of discourse (see Section 3.4.2) and levels of knowledge identify two
dimensions of knowledge that are important in the design of systems. As shown in
Figure 3-15, Kensing and Munk-Madsen have combined these two dimensions to
describe a knowledge space for user-designer communications. The six designated areas
in the knowledge space identify specific kinds of knowledge that needs to explicated and
disseminated in analysis and design.
The components of Figure 3-15 may be viewed as a knowledge map that needs to
be considered and completed during analysis and design. Prior to analysis and design,
users already have concrete experience with their present work (area 1) while designers
have concrete experience with technological options (area 3) and should be able to
provide an overview of those options (area 4). The goal then is for participants to
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disseminate knowledge to their counterparts in those areas where knowledge initially
exists in one party (areas 1, 3, and 4), and to evolve and disseminate knowledge for both
users and designers in the remaining areas of the knowledge space through system
analysis and design.

Abstract
Knowledge

Concrete
Knowledge

Users’ Present
Work

Technological
Options

New System

Relevant
Structures on
Users’ Present
Work

Overview of
Technological
Options

Visions of
Design
Proposals

Concrete
Concrete
Concrete
Experience with Experience with Experience with
Users’ Present
Technological
the New System
Work
Options

Figure 3-15. Areas of knowledge in user-developer communication
(Kensing and Munk-Madsen, 1993, p. 80).

The knowledge matrix of Figure 3-15 has some important practical implications
for software development. Specifically, we may use the matrix to serve as a guide for
organizing communications and interactions among users and designers in a way that
would achieve the optimal capture and dissemination of knowledge. Participatory design
methods may serve to provide participants information and understanding in areas in
which the participants have little to no knowledge. Consequently, Progressive Design
uses the matrix to identify and validate an appropriate set of analysis and design methods
that would provide the required coverage of all knowledge areas. In doing so, we shift
our view of methods from how to conduct analysis and design to what should be elicited
in analysis and design.
As shown in Figure 3-16, the toolbox methods of Progressive Design may be
mapped onto the knowledge matrix. The mapping identifies the roles of different
methods with respect to the kinds of knowledge they elicit. Ethnographic methods
squarely sit as mechanisms for eliciting concrete knowledge. Observations, interviews,
Contextual Inquiry, and the Developmental Research Sequence all are driven by and
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engage us directly with the concrete learning activities occurring in the classrooms. In
contrast, the Task-Artifact Framework (TAF) provides abstractions of classroom
activities in the form scenarios and claims. These are working analysis and design
representations of which we may evaluate, reason about, and envision new learning
activities and technological capabilities. Storyboards also supply abstractions but in
visual form. Through storyboards, we envision the user interface to a new system along
with its individual technological features and screen-to-screen user interactions. Figure
3-16 illustrates that Progressive Design methods provide reasonable coverage over the
kinds of knowledge we wish to capture, represent, and share.

Abstract
Knowledge

Concrete
Knowledge

Users’ Present
Work

Technological
Options

New System

Task-Artifact
Framework

Task-Artifact
Framework

Task-Artifact
Framework

Storyboards

Storyboards

Storyboards

Ethnographic
Methods

Ethnographic
Methods

Ethnographic
Methods

Figure 3-16. Progressive Design methods mapped onto areas of
knowledge in user-developer communication (adapted from Kensing and
Munk-Madsen, 1993, p. 80)
3.4.4

Progressive Analysis and Design Path

A common criticism of participatory approaches is that they often fail to provide a
clear, organized path for designing systems (Brown, 1997; Wolf and Karat, 1997).
Rather, participatory methods are often applied in a random, haphazard way with very
little continuity and integration across them. Such criticism argues for establishing
methodology or protocols that will outlay an evolutional, logical path for analysis and
design. An important consideration in the creation of Progressive Design is that

107

encompassing methods do support evolutionary development in the sense that
participants move closer to a final design through iterative refinement of analysis and
design results. As described in Section 3.4.1, Progressive Design does follow a standard
iterative prototyping approach. In this section, we want to further examine whether the
methods themselves progress analysis and design in a logical and effective way.
Borrowing a participatory methods mapping model developed by Muller et al.
(1993b), we may map Progressive Design methods onto 2-dimensional space, where the
X axis identifies the relative time within the development lifecycle at which a particular
method is applied and the Y axis identifies the degree to which users operate in the
developer’s realm of work and vice versa. Figure 3-17 maps the data collection, analysis,
and design methods of Progressive Design onto a participation map. Starting from the
left of the map, much of our initial data collection and analysis in the forms of participant
observation, interviews, and Contextual Inquiry occurs in the classroom and are focused
more heavily on data collection and eliciting pedagogical issues and requirements. As we
move further into analysis and design, we conduct more analytical work and incorporate
more technological features and considerations through the Developmental Research
Sequence, Future Workshops, and the Task-Artifact Framework. Through various forms
of storyboarding using paper, templates, and screen images, we then encode our design
into computer-based representations that convey the software system in use. As shown in
Figure 3-17, the mapping of our methods to the participation map generally follows a
diagonal path. For Progressive Design, the path is a highly desirable and planned one, as
we move from the user’s world (classroom) to the developer’s world (system
development) in an incremental and deliberate way.
Note that the path in the participation map identifies a single iteration of the
iterative prototyping model in Progressive Design. When a prototype is constructed, it is
re-inserted back into to classroom and we return to conducting classroom data collection
and analysis. As such, our analysis and design efforts cycle between a classroom and
system focus – eventually resulting in a refined prototype and set of learning activities
that accommodate, reflect, represent, and integrate the requirements of both the
classroom and the system.
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Users Participate
in Designer’s World

Task Artifact
Framework
Future
Workshops
Developmental
Research Sequence
Designers Participate
in User’s World

Who Participates with Whom in What

Storyboarding
(Screen Images)
Storyboarding
(Templates)
Storyboarding
(Paper)

Interviews

Participant
Observation

Contextual
Inquiry

Early

Late
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Figure 3-17. Progressive Design methods mapped onto Muller et al.’s
(1993b) participation model. Diagonal pattern demonstrates the
evolutionary analysis and design path from an initial focus on pedagogy
and the classroom to the final consensus prototype.
3.4.5

Flexible Analysis and Design Representations

The full set of methods in Progressive Design generates a diversity of analysis
and design products. Some of these analysis and design representations are particularly
important to our development process because they tie our analysis and design work as
well as the methods themselves together in a logical, coherent fashion. One group of
critical analysis representations are based largely on our use of ethnographic methods.
These ethnographic representations include features, domains, taxonomies, paradigms,
and themes. They provide a structured view or context of the classroom environment and
learning activities, and are largely applied to scope and guide analysis and design
activities. Another key group consists of the analysis and design representations that
emerge from scenario-based design work. These scenario-based representations involve
scenarios, features, claims, and user interface prototypes (derived through storyboarding).
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They exist as working analysis and design representations that are operable and
evolvable.
The aforementioned analysis and design artifacts have some specific key
qualities. First, analysis and design representations are persistent. They exist, evolve,
and are continually highlighted and applied throughout the development process. As
such, the understanding and application of the representations will become second-nature
over time. Second, the representations are capable of capturing both domain and
technology requirements and design criteria. One of the objectives of Progressive Design
is to better integrate pedagogy and technology. To do this, analysis and design
representations need to be sufficiently flexible to support both domains. Third, analysis
and design representations are evolvable in the sense that they may be refined over time.
The analysis and design representations of Progressive Design are relatively
uncomplicated and intuitive, and may be easily modified and updated in parts or in whole
over the course of analysis and design.
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4

Progressive Design of Educational Software
Over the course of two and one-half years, we engaged students, teachers, HCI

designers, and software developers in a variety of analysis and design activities. As we
previously described, the overall analysis and design process we followed is a
development approach we call Progressive Design, which is comprised of the four phases
of participatory analysis, participatory design, prototype development, and participatory
evaluation (note that the term participatory design is generally applied more broadly,
referring to participatory techniques and approaches that may be deployed anywhere
along the software lifecycle with the main criterion being the direct engagement of users
in the analysis and design process). In this chapter, we break out the development
lifecycle into four phases mainly for the purpose of organizing and describing the
participatory process in a more orderly and logical fashion, and to relate our analysis and
design activities to more traditional and common software development stages.
In Progressive Design, we incorporate an iterative system development model as
illustrated in Figure 4-1. Similar to other iterative models (Boehm, 1988; James, 1991),
Progressive Design’s development cycle consists of analysis, design, and implementation
phases. The fourth phase of evaluation may be seen as the reapplication of analysis with
the prototype deployed. As we iterate through the cycle, we work with successive
redesigns that represent intermediate products of the development process. Each redesign
materializes as a prototype system that is evaluated in the actual classroom context. The
development cycle is organized as a four-phase process that evolves ethnographic results
to scenarios and claims to a functional prototype; we refer to these four phases as:
•

Participatory analysis - we involve users and developers in the analysis of
collaborative learning activities. We apply ethnographic methods to collect
and organize classroom data and to identify a set of classroom scenarios that
depict typical or critical episodes of student interactions. We evaluate
scenarios to extract classroom features and claims. In addition, we assess
general technologies that may be relevant to collaborative learning.

•

Participatory design - we involve users and developers in the development of
new activity and technology features initially based on the results of
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participatory analysis. We follow a staged design process that incrementally
progresses the design of the system and associated learning activities.
Furthermore, as scenarios are elaborated during design, user interface (UI)
details emerge and are captured in paper prototypes. The envisioned
scenarios, features, claims, and paper prototypes comprise our design
specification.
•

Prototype development - we develop a computer prototype based on
envisioned scenarios, features, claims, and paper prototypes.

•

Participatory evaluation - once developed, the computer prototype and its
associated learning activities are evaluated in the classroom. Evaluation may
be viewed as another round of participatory analysis, but with the specific
computer prototype as a key artifact of the learning activities. The evaluation
involves validating the computer prototype along with its corresponding
scenarios, features, and claims.

Participatory
Analysis

Classroom Domains,
Taxonomies, Paradigms,
Themes, Scenarios,
Features, and Claims

Computer Prototype and
Computer-Based
Learning Activities

Participatory
Development

Prototype
Development
Envisioned Scenarios,
Features, Claims, and
Paper Prototypes

Figure 4-1. Overview of Progressive Design.

Data flow in Figure 4-1 identifies the primary analysis and design criteria passed
between the phases of our development cycle. Each individual phase produces analysis
and design representations that evolve and are applied throughout the development
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process. We promote an evolutionary approach to development where design
representations are persistent and design criteria transform and build off of one another
throughout analysis and design. Design representations become more accurate, detailed,
and reflective of a consensus among stakeholders through each iteration of the
development cycle. We should note that Figure 4-1 presents a simplistic view of the
process developed for the sake of discussion. In reality, the boundary between
participatory analysis and participatory design is often blurred as we often carry out
analysis and design activities simultaneously.
In this chapter, we describe the specific activities that were conducted and
methods that were applied over three of the four participatory development phases of our
case study. We do not discuss to any great detail the prototype development phase,
because this was primary a software implementation phase that was mostly isolated from
the participatory analysis and design activities on which we are focused in this
dissertation.
4.1

Participatory Analysis

In participatory analysis, we grounded system development in the context of the
current educational practice. We sought to build better educational technology by
understanding the context and environment in which systems were to be employed. To
this end, the participation of students and teachers was paramount because they lived the
educational experience and were best positioned to interpret their own goals, actions, and
behaviors.
Figure 4-2 describes the overall participatory analysis process we followed in our
study. The process began by entering science classrooms and collecting various kinds of
user data including videotaped observations, student and teacher interviews, and
ethnographic fieldnotes. The collected classroom data were then passed into two
different kinds of analyses. Ethnographic analysis using a variation of Spradley’s (1980)
Developmental Research Sequence (DRS) was applied to identify features, structures,
and patterns in the data as captured in the forms of categories, taxonomies, paradigms,
and themes (see Section 3.3.5). The ethnographic results were then passed downstream
into the participatory design stage. Classroom claims analysis was also applied to the
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classroom data to further analyze key artifacts and features of existing learning activities
and contexts as well as capture students’ and teachers’ motivations and rationale in the
activities and actions they carried out. Classroom claims analysis produced classroom
features, claims, and scenarios that were also passed into the participatory design stage.

Participatory Analysis
Classroom
Data
Collection
Interview Data,
Videotaped
Observations, and
Ethnographic
Fieldnotes

Ethnographic
Analysis

Intermediate
Analysis Results
Intermediate
Analysis Results
Classroom Categories,
Taxonomies,
Paradigms, and
Themes

Classroom
Categories,
Taxonomies,
Paradigms, and
Themes

Classroom
Features, Claims,
and Scenarios

Interview Data, Videotaped
Observations, and
Ethnographic Fieldnotes

Classroom
Claims
Analysis

Classroom
Features, Claims,
and Scenarios

Technology
Claims
Analysis

Technology
Features, Claims,
and Use
Scenarios

Participatory
Design

Figure 4-2. Overview of participatory analysis process.

As shown in Figure 4-2, ethnographic and classroom claims analysis were applied
in a complementary fashion. For instance, in classroom claims analysis, we used the
ethnographic results to identify a reasonable set of classroom scenarios on which to apply
claims analysis as well as to gather some features for initial analysis. In the return
direction, features, claims, and scenarios produced during classroom claims analysis were
used to refine and elicit new categories, taxonomies, paradigms, and themes. In fact,
both ethnographic and claims analysis results were modified and extended throughout the
analysis and design process in light of continually emerging requirements and design
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criteria. Thus, these analysis results and representations persisted and evolved
throughout the development process.
As ethnographic and claims analysis results were generated, they identified gaps
in our analysis data where further interviews, observations, and data collection were
required to discover or confirm specific analysis attributes and/or results. For instance, in
the analysis of project groups during classroom claims analysis, a question arose
regarding how students self-organize into groups. The answer was not discernible from
collected ethnographic and claims analysis data at that time since none of the prior
interviews or observations focused on this specific issue. As a result, we returned to the
classroom to ask students more questions about group formation as well as to observe
students organize into groups prior to the running of experiments. In general, data
collection was an ongoing process that both served and was directed by the needs of
ethnographic and classroom claims analyses.
In addition to the analysis of the educational context and practice, we also focused
on the assessment of potential and relevant computer and educational technologies during
participatory analysis. Using the same underlying analysis vehicle as classroom claims
analysis, we applied a form of technology claims analysis to evaluate specific
collaborative and educational tools such as video conferencing, bulletin boards, electronic
whiteboards, and science simulations. The goal was to be able to comprehend and assess
specific computer technologies that may be useful for collaborative learning and may
come into play during the design of a computer-based learning environment.
As we have previously stressed, design is a matter of linking specific computer
capabilities with user needs. Technology claims analysis allowed us to evaluate system
capabilities and constraints early on before any design work was performed. As shown in
Figure 4-2, the products of technology claims analysis were features and their specific
consequences (i.e., claims) to students and teachers in a particular educational or learning
context or situation (i.e., technology use scenario). These features and claims were
eventually assimilated into future envisionment scenarios and system design
specifications in a latter design phase. The assessment of both educational processes and
potential technologies in participatory analysis had set up an initial distinction between
activities and system. As described later in this section, the distinction between learning
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activities and system features was an important aspect of Progressive Design since we
used it as a way to structure and focus our analysis and design efforts.
In general, we viewed ethnographic analysis, classroom claims analysis, and
technology claims analysis as reflective rather than generative processes, where we
would analyze existing systems and designs as opposed to constructing new ones.
Nevertheless, the analyses did serve as the underlying basis for envisionment and design,
and allowed us to extrapolate beyond current learning activities and technologies to
develop more effective computer-enhanced learning activities and technology.
Furthermore, we viewed design as a process of introspection rather than pure invention as
we designed systems and activities based on experience and exposure. As such, the
methods and processes that we applied during participatory analysis were aimed towards
providing this necessary experience and exposure.
In the following sections, we describe the various stages of participatory analysis
that were conducted on our case study. For each stage, we describe the specific
techniques that were applied and the kinds of analysis and design artifacts that were
produced. In latter chapters, we will examine these analysis and design artifacts in much
greater detail.
4.1.1

Data Collection

During data collection, we gathered traditional forms of ethnographic data
including observations and interviews (Adler and Adler, 1994; Goguen and Linde, 1993;
Spradley, 1979; Spradley, 1980). Observations were captured on videotape and/or in
ethnographic fieldnotes. Observations allowed us to view and experience the classroom
context, student and teacher tasks and activities, and the artifacts (physical or computerbased) that were applied in teaching and learning. Interviews also conveyed the
aforementioned information, but did so second-hand from the perspective of the student
or teacher. Data collection was conducted before and after the introduction of
collaborative technology into the classroom. We applied a variety of data collection
techniques to gather different forms of data to support our analysis and design efforts.
These data collection techniques are described in the following sections.
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4.1.1.1 Classroom Activity Videotapes

Prior to the introduction of collaborative technology, we visited the middle and
high school classrooms and conducted ethnographic observations over the course of sixty
days. Overall, we videotaped approximately seventy hours of science classroom
activities. Across our videotaped observations, we focused heavily on the collaboration
of students working on physical experiments, but we also captured other forms of
teaching and learning activities that teachers and students pursued throughout the school
year such as class discussions, teacher demonstrations, science fairs, student projects, and
student presentations. After collaborative technologies were introduced into the
classroom, we videotaped another approximately eighty hours of classroom footage of
teachers and students participating in computer-mediated collaborative activities over the
course of one and a half academic school years. Figure 4-3 presents a collage of images
from a wide range of learning activities that were captured on videotape during data
collection. Additionally, portions of videotaped observations were transcribed to provide
a tangible written form that could be easily annotated and further analyzed. To illustrate,
Figure 4-4 presents a transcript extracted from videotape of a high school teacher
interacting with two male students on a temperature experiment.
4.1.1.2 Ethnographic Fieldnotes

Beyond videotaping, we further documented our observations using ethnographic
fieldnotes. During observations, we would jot down on paper various attributes and
critical incidences pertaining to the classroom setting, learning activities, teaching and
learning styles, and classroom interactions. Later, we would transcribe our notes using a
word processor – reviewing the notes and organizing them into specific categories as we
went along. To illustrate, Figure 4-5 presents the ethnographic fieldnotes produced
during our observations of a group of students conducting a physical experiment at one of
the high schools in our study. The group was carrying out an experiment that involved
different kinds of mechanical systems. The ethnographic fieldnotes identified the highlevel activities and critical incidences that occurred during the experiment.
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Figure 4-3. Images of learning activities extracted from collected
videotapes.

With the ethnographic fieldnotes, we also produced and included a variety of
classroom diagrams and layouts to represent and convey spatial and contextual classroom
information. The classroom layouts were valuable in providing a sense of the classroom
environment including classroom places where learning tools and references resided,
typical positions of teachers with respect to their students, collaboration spaces where
students and teachers congregated to learn, teach, experiment, and interact, and physical
movements and transitions of students, teachers, and educational artifacts over various
time periods.
For example, one theme that emerged from our classroom observations was that
middle school students were inclined to socialize and form into groups with other
students of the same gender. We explored this notion by examining how male and
female students physically organized within the classroom. To illustrate, Figure 4-6
shows the layout of one of the middle school classes in our study. This diagram was used
to identify and record the spatial positions and groupings of male and female students in
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the classroom. As shown, the middle school class consisted of 10 female students and 13
male students, and students of the same gender tended to sit together in the classroom.
We also used diagrams to map how the physical classroom environment changed
over time. For instance, through interviews with students, we found that groups often
organized themselves around physical workbenches. Over time, students sitting at a

CHS – Observations
Group 2, Day 2
Group 2: Blue Shirt and Baseball Cap
The students set up the equipment and stand around briefly. Baseball Cap checks with the teacher about whether
they need any additional equipment. They listen to the teacher’s instructions regarding the connection between the
CBL (sensor) and calculator, and how to run the calculator’s program. Baseball Cap jots down notes or fiddles
with the setup while Blue Shirt watches. They follow additional instructions from the teacher. Baseball Cap asks
teacher how much time interval to use. Students look/wander around the room at other groups and wait for their
beaker of water. Teacher delivers the beaker and students work together, placing the probe in the water. Blue
Shirt holds the probe while Baseball Cap checks the ambient temperature. Baseball Cap observes the data on the
calculator display.
Baseball Cap: <as Teacher comes over to table> It’s already started to fall again.
Teacher: <looks puzzled> How did you get a climbing reading? Oh he had it out in the air when you started.
Baseball Cap: No, we put it in the water and pushed enter. And it goes <motions in the air>.
Teacher: OK I see. So what are you going to have to do to your data set?
Baseball Cap: Once it starts to level off, that’s where we…
Teacher: You’re looking for a peak.
Baseball Cap: It peaked at ninety-two.
Teacher: That peak is where you’re going to trim the data set. The prior numbers are extraneous because
you’ve got a change in temperature of the sensor itself. <looking at the calculator display> You’ve got a
bum data set. How much are you gonna have to trim off?
Baseball Cap: Why not just do it again.
Teacher: Looks like you’re gonna have to do it again, ‘cause all your data looks like it’s in the warm up
cycle.

Figure 4-4. Transcript from videotaped observations describing a high
school teacher’s interaction with two male students on a temperature
experiment. In the transcript, the two male students are identified by
what they were wearing (i.e., “Blue Shirt” and “Baseball Cap”).
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CHS – Mechanical Systems Lesson
Classroom Organization
•
The class consisted of 7 students - 2 girls and 5 boys. One student was a male Russian foreign exchange student. None of the students were AfricanAmerican, Hispanic, Asian, or Native American.
•
Examples of machines (wedge, electric motor, etc.) were placed on students’ desks.
•
The apparatus for the main experiment was a set of pulleys housed in a wooden frame. The apparatus was set up on a desk near the front of the classroom.
Lesson and Experiment
•
The topic of the physics lesson and experiment was on the concepts of work and machines.
•
Fred introduced the basic physics equations for work and demonstrated various examples of machines.
•
Fred passed out the lab assignment which was to design and execute an experiment that would reveal the work outputted for a particular set of pulleys.
After reading the assignment, students were given the opportunity to ask questions regarding the assignment.
•
Instructions provided on the assignment sheet were minimal. Fred asked the students to design their own experiments given general guidelines and a basic
set of instruments.
•
Findings were to be elaborated in a report. Students were to submit an outline of the report, a rough draft, and a final document. When questioned about
these three documents, Fred stated that he was enforcing general English composition principles in the assignment.
•
Fred provided various instruments or tools including protractors, meter sticks, weights, weight hangers, spring scale, and an electric motor. Students were
free to use any of the available tools.
Teaching Style
•
Fred’s general approach to teaching was to first introduce the relevant physics concepts and equations, and then to follow up on the concepts by
demonstrating authentic, real-world examples.
•
Fred tries to encourage classroom participation by asking the students many questions. Fred also asks questions to test whether students have read their
reading assignments and to assess the students’ current understanding of the concepts.
•
After a student has addressed a question, Fred would typically elaborate on the student’s reply to fill in missing details or to guide the focus in the direction
he desired.
•
Fred employs physical props by placing different examples of machines on students’ desks. Students may pick up and examine the examples on their desks
throughout the class period. Fred would ask students questions regarding the machines in front of them.
•
Fred asked the students to reflect back to their middle school physical science course to enumerate basic types of machines.
Teacher-Student Interaction
•
Fred is physical active in the classroom. He moves among the students’ desks, in front of the chalkboard (chalkboard H), and throughout the classroom.
•
Typically after a student fields a question, Fred asks the student to pick the next student to field the next question.
•
When Fred asks a question, he may move to the desk in front of the student to which he has just asked the question. Furthermore, he may sit in a chair
facing the student. At other times, Fred will ask questions from a distance.
•
Only a limited amount of spontaneous discussion occurred in the class. Most discussion was in the form of a question by Fred and an answer from a student.
Students rarely asked Fred questions or commented on questions and answers of other student’s.
•
Students were attentive and alert. None of the students fell asleep during the early class period.
•
Fred asked Joel if he knew what a “tackle” was. Joel expressed that he had heard of the term but was unsure of its definition. Fred then sent Joel to the
library to look up the term. Upon Joel’s departure from the classroom, Fred defined the term for the remainder of the class. When Joel returned, Fred asked Joel
to discuss the results of his search.
Student-Student Interaction
•
Students worked in groups of two. Students were free to form their own groups. One female student was missing on the second day. Three groups were
formed. One group consisted of one male and one female from desk B. A second group was formed from the two male students of desk E. The two remaining
male students from desk A and D formed the final group.
•
Each group were assigned a particular type of pulley system (2 pulleys, 4 pulleys, pulleys in sequence, pulleys side-by-side).
•
All groups worked on the pulley apparatus at the same time. The pulley systems that a group evaluated depended on the type of pulley systems the group
was assigned for the experiment. There was some overlap in the use of pulley systems. There was, however, little contention for the same pulley systems during
the class period.
•
Groups employed different strategies for gathering data. Specifically, groups would compute work by measuring the distance that a string is pulled out from
a pulley system. Each group would attach different sets of weights to a pulley system and then compare the lengths of the string required to lift each set of
weights.
•
Most students measured the length of the string by directly measuring the string with a yardstick. One group used a paperclip to mark the spot of a
measurement and compared this spot to a second measurement. Fred expressed delight over this group’s approach.
•
During one episode, a student named Joel directed another male student to take a measurement on a particular pulley system. He then direct the female
student to take a second measurement on a different pulley system, but then decided to perform the measurement himself.
•
The female student was relegated to the role of a scribe. She did not come into physical contact with the equipment, but she did contribute to the experiment
by providing advice and participating in discussion and analysis.
Questions and Comments
•
Students were attentive and alert. Were the student’s in fear of being called by Fred, were they drawn by Fred’s physical style of teaching, or were they
truly engaged in the discussion and content of the lesson?
•
Are students intimidated by the barrage of questions from Fred? Do they fear being asked a question? Does the relatively small size of the class reduce the
fear of embarrassment?
•
If there is a fear factor, is this a reasonable method for engaging a class? If students are attentive, they are more apt to learn. On the other hand, if the
students are consumed by fear, they may not be focused on the content of the lesson.
•
What is Fred’s motivation for having students choose other students to answer questions? How do the students decide on whom to pick?
•
What is Fred’s motivation for sending students to the library to look up references and information? Does he worry that the student may miss important
material in class while the student is absent?

Figure 4-5. Ethnographic fieldnotes taken during observations of the
Christiansburg High School physics class as it carried out experiments
on pulleys and mechanical systems.
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Figure 4-6. Middle school classroom layout showing position and
grouping of male and female students.

particular workbench would often become a group for all future experiments. This led us
to investigate where students sat during the first day of class and where they eventually
migrated to over time. Figure 4-7 shows the migration patterns of high school students in
a specific physics class. We observed that the frequency of seat changes diminished over
time and most students usually settled into a specific seat after two weeks into the
semester.
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Figure 4-7. High school classroom layout showing movement of student
seat selections over the course of the first thirty days of class.

In many cases, the ethnographic fieldnotes complemented and supplemented
recorded videotape of our observations. Thus, in addition to serving as a source to
analysis and design, the ethnographic fieldnotes provided useful summaries and synopses
of captured videotape content.
4.1.1.3 Contextual Inquiry Results

Some of our classroom observations were conducted via a technique known as
Contextual Inquiry (Holtzblatt and Jones, 1993), where we would interrupt students and
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teachers in the midst of their learning and teaching activities to ask poignant questions
regarding their current actions and behaviors. The effectiveness of the Contextual
Inquiry approach is based on the premise that participants are best able to describe and
interpret their actions while in the context of performing those actions. As emphasized
by Schön (1983, p. ix), “practitioners themselves often reveal a capacity for reflection on
their intuitive knowing in the midst of action.” Similarly, Contextual Inquiry gave users
the opportunity to analyze and interpret their own thinking and actions. In our study,
student and teacher reactions and responses to these impromptu interviews were captured
in ethnographic fieldnotes much like with non-intrusive ethnographic observations.
4.1.1.4 Open-Ended and Semi-Structured Interviews

We conducted interviews with three middle school and two high school science
teachers and over fifty students at both the middle and high school levels. The interviews
involved both one-on-one interviews and focus groups in which one or two interviewers
held interview sessions with groups of students or teachers. Teacher interviews focused
on various teaching issues including pedagogy, science education, teaching styles,
learning styles, and student collaboration. Student interviews focused on numerous
learning issues including science education, student experimentation, learning styles, and
student collaboration. Interviews were recorded on videotape and then transcribed.
The interviews were initially designed to be open-ended, where we applied very
little structure to the interviews and encouraged teachers and students to take the
discussion in the directions that they found most relevant and important (Goguen and
Linde, 1993; Spradley, 1980). At times, interviewees (particularly students) had
difficulty in finding relevant or motivating threads of discussion. To move interviews
along, we would occasionally defer to a prescribed set of high-level questions (see Figure
4-8 and Figure 4-9) to initiate and lure interaction and discussion. In such circumstances,
we would pose high-level questions to teachers and students and then encourage them to
elaborate on responses as well as refer to other related or relevant areas of discussion.
Student and teacher interviews continued throughout the analysis and design
process. Later interviews were much more semi-structured as we gathered specific topics
and issues for discussion from other analysis and design activities. Topics typically
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referred to specific interactions and behaviors that were captured by videotaped
observations and/or highlighted during analysis, or to specific technologies or learning
features that were part of existing classroom activities or had been designed for future
classroom activities. During these later interviews, topics were used to bound discussion
within certain subject areas, but interviewees were still allowed to roam freely within
these subject spaces.

High-Level Questions for Teachers
1.

Tell me a little bit about your background

2.

What are your general philosophies in regards to teaching students?

3.

Do you enjoy teaching physics/physical science? Why or why not?

4.

Do you believe physical experiments are critical for teaching science to students? Are they
critical for teaching physics? Why or why not?

5.

Walk me through a lab. Describe what you do before, during, and after a lab.

6.

How do you wish students to collaborate during a lab? In what parts of the lab should students
collaborate? In what parts should they work alone?

7.

Do you believe that computer technology can improve the way students learn?

8.

Do you have a computer at home? What kind? How do you use it?

Figure 4-8. High-level questions for teachers used to initiate and spur
open discussion.

High-Level Questions for Students
1.

Do you enjoy going to school? Why or why not?

2.

Do you enjoy taking physics/physical science? Why or why not?

3.

Do you enjoy running experiments? Why or why not?

4.

Walk me through a lab. Describe what you do before, during, and after the lab.

5.

Do you enjoy working in groups during experiments? Why or why not?

6.

Do you think computers can help you learn better? Why or why not?

7.

Do you have a computer at home? What kind? How do you use it?

Figure 4-9. High-level questions for students used to initiate and spur
open discussion.
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4.1.2

Ethnographic Analysis

Data collection yielded different kinds of data including classroom activity
videotape and transcripts, ethnographic fieldnotes, and interview videotape and
transcripts. We conducted ethnographic analysis of our collected data following a
variation of Spradley’s Developmental Research Sequence (DRS) methodology (1980)
(see Section 3.3.5). Ethnographic analysis was applied to comprehend the learning
context in which computer systems were to be deployed. The learning context included a
myriad of factors such as users, tasks, artifacts, interactions, and the overall classroom
environment. More than understanding the context, however, one of ethnographic
analysis’ greatest strengths lies in its ability to organize and categorize data (Fetterman,
1989; Spradley, 1980). Thus, we applied ethnographic methods to reveal underlying
organizations and trends embedded within our learning context. For instance, through
ethnographic analysis, we were able to derive process descriptions of the collaboration
phases of experiments and projects, and a taxonomy of the different forms of
collaboration that occurred in the science classroom. We used such higher-level
organizations to scope and guide our analysis and design process.
From our collected data, we searched for and took full inventory of objects,
places, people, events, actions, interactions, behaviors, and feelings. The inventory of
items emerged from a variety of sources including
•

Collected interviews – we reviewed collected teacher and student interviews
and extracted key concepts and terms that were presented or discussed. We
paid particular attention to concepts and terms that teachers and students
found important and/or emphasized during their interviews.

•

Ethnographic fieldnotes and videotape transcripts – we conducted
ethnographic encoding of fieldnotes and videotape transcripts - picking out
features and critical incidences from the captured classroom activities.
Teachers conducted ethnographic encoding as well. They were individually
asked to read through a set of videotape transcripts of various classroom
activities to identify and mark key incidences, events, objects, and concepts.
Figure 4-10 presents the ethnographic encoding of a collaborative learning
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experience in which a group of students defines and applies a specific
experimentation strategy to ensure equal control of and involvement in an
inelastic collision experiment. In evaluating this transcript, we looked for
features or patterns that stood out and/or were relevant to science learning or
the use of computer technologies and tools.
•

Claims analysis – in a series of claims analysis sessions with teachers, we
collectively extracted features and consequences from videotape excerpts of
classroom activities. The features that were extracted during these sessions
were added to our ethnographic inventory of items or terms.

Once an initial inventory of elements was created, we then carried out domain
analysis. As illustrated in Figure 4-11, each domain was captured on a 5” x 7” index
card. We initially developed a large set of domains that acted as categories or
classifications for collected inventory elements. In two ethnographic analysis sessions,
teachers reviewed and elaborated the preliminary domains and created additional
domains of their own through introspection. Overall, 293 domains were defined.
Next, teachers and designers selected a subset of twelve domains that were
considered most important for the development of educational technology and computerbased collaborative learning activities. In elaborating the domains, teachers and
designers identified subcategories within each domain using taxonomic analysis and then
identified key differences within each domain using componential analysis. Overall, of
the twelve domains, four taxonomies and twelve paradigms emerged (see Chapter 5 for a
full discussion on the ethnographic results). Interesting to note, teachers generally
understood the underlying ideas of domains, taxonomies, and paradigms, but preferred to
use the more common terms of categories, classifications, and comparison tables during
discussions.
4.1.3

Classroom Claims Analysis

After carrying out ethnographic analysis, we deployed the preliminary results to
identify and select critical occurrences or episodes that would undergo further, more
detailed analysis. We called these episodes classroom scenarios, which served as the
initial source to our analysis and design process. Classroom scenarios were generated by
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Figure 4-10. Ethnographic encoding of a high school science learning
activity (as transcribed from videotaped observations).

extracting critical snippets from our videotaped observations. The video snippets
represented contextual, visual records of specific classroom activities. To illustrate,
Figure 4-12 presents a snapshot from a classroom scenario of middle school students
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conducting a melting/freezing point experiment. For the convenience of analysis, video
snippets were transcribed to provide the classroom scenarios in a supplementary text
form. Thus, classroom scenarios were realized in two forms: raw videotape footage and
text transcripts.

Figure 4-11. Sample domains captured on index cards from LiNC
project.

Both forms of the classroom scenarios were presented back to teachers and
students for their interpretation (Chin et al., 1997). In a series of fifteen sessions, seven
before and eight after the introduction of new educational technology into the classroom,
teachers and students described and analyzed their actions as captured on videotape.
Figure 4-13 shows students and teachers engaged in participatory analysis sessions.
Analysis was conducted in the form of claims analysis (Carroll and Rosson, 1992), where
teachers and students would identify critical actions or events captured on the videotape,
and then elaborate the positive and negative consequences of those actions or events on
collaboration and learning. Our use of scenarios and claims analysis conformed to the
Task-Artifact Framework (TAF) approach previously described in Section 3.3.6.
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Figure 4-12. Videotaped classroom scenario of middle school physical
science students carrying out a melting/freezing point experiment with
chemical substances, test tubes, beakers, Bunsen burner, and
thermometer.

Figure 4-13. Students and teachers participate with HCI designers and
software developers in participatory analysis as they interpret and
analyze videotaped classroom scenarios.

One key objective of classroom claims analysis was to have teachers and students
draw and interpret initial features and requirements from the classroom scenarios. In this
regard, the use of videotaped observations enabled teachers and students to immediately
connect scenarios to their own classrooms and educational activities. Other participants
were also involved in classroom claims analysis, but they had different primary roles:
developers were present to obtain a sound understanding of the current educational
practice and setting, while HCI designers were present to facilitate and advance the
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analysis process. Consequently, we wanted teachers and students to “take center stage”
in interpreting the classroom scenarios. Since the classroom scenarios essentially
recorded learning activities, teachers and students were in the best position to understand
and to reflect upon them. Correspondingly, through this process, designers and
developers came to understand what features of different learning situations that teachers
and students found most compelling and/or important – allowing designers and
developers to discover what these features mean to and how these features impact
teachers and students.
A typical concern for any scenario-based design approach is whether constructed
scenarios provide reasonable coverage of the tasks and artifacts that occur within a
system or situation. We addressed this concern by identifying and selecting scenarios
that covered the key categories, paradigms, taxonomies, and themes that emerged from
our ethnographic analysis of science learning activities and the science classroom.
Ideally, selecting scenarios that adhered to the key ethnographic results ensured that the
most critical objects, factors, concepts, and occurrences were represented in the
classroom scenarios.
To illustrate classroom claims analysis, we take a concrete scenario that was
produced during analysis and present some of its resultant features and claims. Figure
4-2 outlines a classroom scenario in which a group of high school physics students
collaborated in the execution of an inelastic collision experiment involving miniature
cars, a metal ramp, and a pair of photogate sensors that measured velocity. During
classroom claims analysis, teachers identified a large number of features from this
scenario. For each of the identified features, a corresponding set of claims was
generated. The scenario served to initially frame the claims in a specific, captured
context, but the teachers were also asked to extrapolate beyond the scenario and draw on
their own experiences to derive additional claims.
Of the many features identified by teachers, Figure 4-14 presents three features
from the scenario and their respective claims. The first feature is the physical inelastic
collision experiment itself. Teachers found that the physical experiment allowed students
to practice collaborative skills and the negotiation of tasks and roles. It also provided
students with concrete, hands-on experience and allowed students to easily connect to it
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by resembling real-world situations. On the downside, experiment apparatus was not
always available, some conditions were hard to achieve and test, and students from
different locations could not collaborate on the experiment.

•Matilda, Dexter, Hildegarde, and
Godfrey carry out a physics lab on
inelastic collisions, in which two
miniature cars collide and the
resulting car velocities are
measured using photogates.

•The students collaborate to set up
the experiment: Hildegarde
collects and positions the cars,
Dexter and Godfrey construct the
apparatus.
•The students execute the
experiment collaboratively: Dexter
collides the two cars together,
Matilda reports the photogate
results, and Godfrey catches the
cars after they collide.

•As data accrues, the students
discuss how to interpret their
findings. They collectively
perform calculations and document
their results on worksheets
provided by their teacher.

Feature: Inelastic collision experiment
Pros: practices collaborative skills;
practices negotiation of tasks and roles;
provides concrete, hands-on experience;
resembles real-world situations
Cons: but experiment apparatus may
not be available; but conditions may be
hard to test; but students at different
sites cannot work together
Feature: Joint execution of experiment
Pros: practices collaborative skills;
allows students to take on more complex
and rewarding experiments; involves
students in peer learning
Cons: but students at different sites
cannot work together
Feature: Joint interpretation & analysis
of data
Pros: practices collaborative skills; may
improve analysis results by pooling
ideas; involves students in peer learning
Cons: but students at different sites
cannot work together

Figure 4-14. Illustration of extracting claims from a classroom scenario.
Features are pulled directly from the scenario and the pros and cons
define the positive and negative consequences of those features.

The remaining two features highlighted in the scenario pertain to the collaborative
tasks of executing the experiment and analyzing the results. Both of these tasks provided
opportunities for students to practice their collaborative skills and involved them in
processes of peer learning. In addition, the joint execution and sharing of experimental
tasks allowed students to take on more complex and challenging projects, while the joint
analysis of data would improve analysis results by allowing students to pool and compare
individual findings and interpretations. The negative consequence of both collaborative
tasks was that students were required to be co-located to partake in these tasks.
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In general, we treated classroom claims analysis as a brainstorming process with a
free-flowing exchange of ideas and opinions. We encouraged participants to think
broadly and divergently about the learning activities and requirements and try to limit the
amount of critiques. Issues of feasibility, criticality, and tradeoffs were to be addressed
later in the development process. By fostering an open environment where all ideas are
equally valuable, we hoped to encourage high engagement and involvement from all, but
especially from teachers and students.
Unlike the ethnographic analysis results, scenarios, features, and claims were
applied as design representations central to our analysis and design approach. As shown
in Figure 4-1, categories, paradigms, taxonomies, themes, scenarios, features, and claims
were all generated and applied during the participatory analysis stage. As we shall see in
later sections, scenarios, features, and claims were all active, persistent representations
we continuously used to generate and specify requirements and design criteria for
computer-based learning activities and systems, while the ethnographic results took on a
more passive role.
The results of participatory classroom analysis also had direct implications for
ethnographic analysis. Specifically, the resultant artifacts, features, and claims from
classroom analysis were used to further extend our ethnographic analysis products –
allowing us to glean new categories and themes as well as to evolve and further complete
paradigms and taxonomies. This, in turn, identified new scenarios and areas of
investigation for further classroom analysis. For example, during classroom claims
analysis, the teachers described how students in groups negotiated their tasks on
experiments and assignments. This negotiation was seen as a kind of collaboration.
From this revelation, we updated our student collaboration taxonomy to add this
newfound form of collaboration. Next, we returned to our captured records of
observations and interviews to search for instances of this form of task negotiation. Since
no record of this collaboration was found, we returned to the classroom to conduct
additional observations, videotaping, and interviews focusing on experimental task
negotiation. From our new observations, we then extended our classroom scenario set by
introducing a “task negotiation” scenario that was primed for additional analysis and
design.
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Overall, participatory analysis had several desirable effects. First, it placed the
main responsibility of the analysis in the hands of those who knew the application area
best, namely, those of teachers and students. Second, the teachers became involved and
engaged in the development process from the onset. Consequently, they were likely to
experience a greater sense of control and power in the development process, and thus,
would commit to and participate in the process to a greater degree. Third, the use of realworld scenarios quickly established a shared context for discussion and analysis –
allowing teachers and students to convey learning context, rationale, and requirements to
designers and developers by identifying, discussing, and elaborating on the concrete
features of their own classroom experiences.
Due to the similarities and functional overlap of ethnographic and participatory
design methods, one might view claims analysis also as an ethnographic approach that
involves teachers and students as actual observers and analysts of their own teaching and
learning activities as captured on videotape and transcripts. Nevertheless, we separated
our analysis work into ethnographic and classroom claims analysis in our case study
mainly to distinguish between the methods that are traditionally associated with these two
types of analyses.
4.1.4

Technology Claims Analysis

Concurrent with classroom claims analysis, we also performed technology claims
analysis to assess relevant software tools and technologies. Inasmuch as we wanted
teachers and developers to understand the learning and classroom context associated with
the use of educational software, we also wanted both parties to comprehend the
technological options available to them in the design of learning activities and
educational software. This was particularly relevant to the teachers as they were
generally less aware and comfortable with educational and collaborative software
technologies. We wanted, however, to avoid design sessions in which developers would
simply ask teachers and students what capabilities they desired, followed by teachers and
students rattling off various technologies with very little notion of what needs the
technologies satisfied or what impacts or consequences they placed on learning and
teaching functions. A general concern of concentrating on technological capabilities
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early on in the analysis stage is that focus could be easily distracted and led away from
the educational domain and context as we end up conducting analysis and design based
entirely on the features and affordances of the emphasized technologies. To avoid this
trap, we conducted technology claims analysis apart from classroom claims analysis so
that we could swap focus between those respective areas. At a later stage, we would then
integrate teaching and classroom requirements with technological capabilities in system
design, but only after we gained enough knowledge, understanding, and competence in
both areas.
Initially, teachers and developers were asked to identify software tools and
technologies that were relevant to the LiNC project. Developers contributed most of the
options since they had the most experience with general computer technologies, but the
teachers did identify specific bulletin board and Web authoring tools that they had
applied in some of their teaching activities. Specific developers further researched
potential software tools and provided hands-on training to others on the project through
scheduled training sessions. Technologies introduced included a wide array of computermediated collaborative tools including audio/video conferencing, synchronous audio, text
chat, e-mail, and bulletin boards. Project members were also exposed to other
collaborative software systems and environments such as electronic whiteboards, MUDs
(multi-user dungeons), MOOs (MUD, object-oriented), and various science-based
educational software systems including CoViz (Edelson, 1997), Model-It (Jackson et al.,
1996), Logo (Papert, 1980), and KidSim (Cypher and Smith, 1996).
After initial training, teachers and developers participated in three claims analysis
sessions in which we enumerated the benefits and liabilities of various technologies. To
illustrate, Table 4-1 presents the claim schema that evolved for an audio/video
conferencing tool. As shown, the claim schema conveys the general technological
capabilities and constraints of the tool. The same schema was reapplied later during an
envisionment phase where we reviewed and evaluated its claims in the context of future
learning situations to determine the tool’s best use and expected impact on learning
activities.
The collected set of technology claims expanded and evolved over future analysis
and design sessions and activities as new relevant technologies were identified and new
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understanding of the uses and impacts of the technologies emerged during the course of
analysis and design. The technology claims were further evaluated and developed as the
associated technologies were applied and implemented in real learning activities that
were carried out in the classrooms during a later participatory evaluation phase (see
Section 4.3). Technology claims analysis was sometimes conducted in conjunction with
classroom claims analysis as we would first evaluate the learning activity and context and
then evaluate specific technologies that we felt were relevant to the current classroom
scenario and its associated claims.
Table 4-1. Audio/video conferencing claims.
Audio/Video Conferencing
Pros:
(p1) supports real-time interaction (synchronous)
(p2) provides fast means of input (audio/video)
(p3) captures presence to a high degree
(p4) transfers visual images

4.2

Cons:
(c1) does not support delayed, intermittent interaction (not
asynchronous)
(c2) collaborators must be simultaneously on-line to
communicate (synchronous)
(c3) does not give users time to compose and reflect on messages
before delivery
(c4) rationale and criteria applied during collaboration is not
documented
(c5) does not provide a persistent history of communications
(c6) does not provide a concrete, tangible target of reflection and
analysis
(c7) is not easily indexed and searched
(c8) support communications for small groups
(c9) video may be superfluous and distracting if not relevant to
tasks at hand
(c10) does not support multiple, simultaneous conversations

Participatory Design

In participatory analysis, we examined and evaluated the pedagogical and
collaborative qualities and features of learning activities and the classroom context. In
participatory design, we evolved and extended these qualities and features to develop
new learning activities and software tools that were grounded on and well-suited to
support the existing educational practice, culture, and environment. We sought a balance
between defining new innovative educational technologies and approaches, and
supporting established teaching and learning styles and pedagogical and classroom
norms. To accomplish this, we again relied on the carefully-crafted participation of
students, teachers, developers, and designers.
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During participatory design, we continued to apply claims analysis, which was the
same general analysis technique we employed during participatory analysis, to evaluate
the pedagogical and classroom context (Section 4.1.3) and relevant computer
technologies (Section 4.1.4). In support of design, however, we used claims analysis to
evolve new artifacts and features based on our previous analysis of existing ones.
Furthermore, we developed and evolved narrative scenarios, some based on classroom
scenarios, to define and document new computer-enhanced learning activities. We also
utilized various forms of paper prototypes to define and capture associated user interface
concepts and ideas. Thus, the overall participatory design process was largely driven by
techniques of claims analysis, scenario envisionment, and paper prototyping.
4.2.1

Claims Analysis

We utilized our previous classroom and technology claims analysis results (i.e.,
artifacts, features, and claims) produced during participatory analysis to reason about
how to create new features as well as refine original features to improve the
consequences of their claims. We refined a feature by enhancing the positive
consequences while mitigating the negative consequences. The new or refined features
were then incorporated into particular envisionment scenarios or instances of use to
describe and convey the context and activities that the new or evolved features were
designed to support as well as to examine their use and relationships to other pedagogical
and technological artifacts and features. By focusing on features and claims, we
performed a feature-by-feature evolution of learning activities and supporting educational
technologies.
For illustration, we describe how artifacts, features, and claims develop and
evolve after analysis. From our classroom scenarios in which students collaborated on
experiments, a physical lab experiment was identified as a feature of a specific learning
activity. Table 4-2 presents a claim schema for this physical lab experiment feature. The
claim schema lists the positive consequences of a physical laboratory experiment such as
it is familiar to science students as a typical learning approach, makes scientific concepts
concrete through physical interactions, models the authentic research processes that
scientists carry out, and gives students the opportunity to practice and develop skills in
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collaborating (as scientists normally would) as well as negotiating tasks and roles. The
negative consequences are that physical lab experiments may favor those who are
mechanically-inclined since it involves the use of physical equipment, give such students
greater ability to control the project and/or group, distract students by requiring them to
step through complex equipment assembly and operations, may be overly-constrained by
the physical limitations of the equipment, may be unable to represent and test theoretical,
boundary conditions, and may not be easily shared among different classrooms and
schools.
Table 4-2. Physical, hands-on experience claim schema.
Physical, Hands-On Experiment
Pros:
(p1) is familiar to the student because the students are used to
hands-on experiments in science classes
(p2) makes the science concepts under study seem more concrete
since the student can physically interact with the concepts via the
experiment apparatus
(p3) consistent with real-world experience that scientists go
through
(p4) provides opportunity to negotiate roles and collaboration
among students
(p5) provides opportunity for students to develop their
collaboration skills

Cons:
(c1) may give mechanically-inclined students an advantage in
learning the concepts
(c2) mechanical included students may take over control of an
experiment and its associated lesson because they feel more
comfortable in working with the equipment
(c3) may become bogged down in assembly and operation of
physical equipment
(c4) held to the constraints and limitations of the equipment
(c5) may be limited in ability to evaluate boundary conditions
(c6) a hands-on experiment cannot be shared among students
from classes at different schools

As we envision how the physical lab experiment might be employed in a future
collaborative learning environment, we consider the analogous computer-based
experiment where science concepts are taught through simulation. In essence, the science
simulation becomes the computer-based equivalent of the lab experiment. In this context,
we may evaluate the computer-based science simulation against the claims of the related
physical laboratory experiment to determine which positive consequences may be
reconstructed and which negative consequences may be mitigated in the design of the
science simulation. Where possible, we enforce desired consequences by imposing
specific design criteria on the science simulation.
The claim-by-claim evaluation of the physical experiment is illustrated in Table
4-3, as we examine how each claim may be applied to the design of the science
simulation. From the table, we see that a science simulation generally cannot reproduce
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the familiarity (p1) and physical concreteness (p2) of a physical experiment. To be
“consistent with real-world experience that scientists go through” (p3), however, we
could require simulations to model physical, real-world experiments. To provide
“opportunity to negotiate tasks and roles” (p4), we could design the simulation to allow
work to be subdivided into different tasks and roles. To provide “opportunity for
students to develop their collaboration skills” (p5), we could allow students at different
locations to be able to view and manipulate the same simulation.
Table 4-3. Mapping design criteria and constraints for a computerbased science simulation onto a physical, hands-on experiment claim
schema.
Physical, Hands-On Experiment
Pros:
(p1) is familiar to the student because the students are used to
hands-on experiments in science classes
(not reproducible)
(p2) makes the science concepts under study seem more concrete
since the student can physically interact with the concepts via the
experiment apparatus
(not reproducible)
(p3) consistent with real-world experience that scientists go
through
(simulate real-world experiments)
(p4) provides opportunity to negotiate roles and collaboration
among students
(allows work to be subdivided)
(p5) provides opportunity for students to develop their
collaboration skills
(allow remote users to simultaneously view and manipulate)

Cons:
(c1) may give mechanically-inclined students an advantage in
learning the concepts
(eliminates but favors computer-savvy students)
(c2) mechanical-inclined students may take over control of an
experiment and its associated lesson because they feel more
comfortable in working with the equipment
(eliminates but favors computer-savvy students)
(c3) may become bogged down in assembly and operation of
physical equipment
(eliminates)
(c4) held to the constraints and limitations of the equipment
(eliminates)
(c5) may be limited in ability to evaluate boundary conditions
(allow testing of hypothetical conditions)
(c6) a hands-on experiment cannot be shared among students
from classes at different schools
(allow shared remote simulations)

As for the negative consequences, we try to mitigate these in the design of the
science simulation. Since we are removing all physical aspects of an experiment in the
science simulation, we eliminate the negative consequences associated with the assembly
of equipment (c3) and the limitations of the equipment (c4). The lack of physical
interaction also eliminates the negative consequences of giving “mechanically-inclined
students an advantage in learning the concepts” (c1) and allowing them to “take over
control of an experiment” (c2), but yet it introduces another kind of bias. Specifically,
students with greater computer experience may be better positioned to work with
simulations than those with little computer exposure. Thus, we might anticipate that
computer-savvy students will gain an advantage in learning the scientific concepts and be
more likely to assume control over a simulation. To eliminate the inability to “evaluate
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boundary conditions” (c5), we could allow simulations to model and test hypothetical
cases. And to negate the inability to share experiments across classrooms (c6), we could
allow remote students to view and manipulate the same simulations as we previously
described.
Our claims analysis of the physical lab experiment evolved into design criteria for
the computer-based science simulation. As specified in the header of Table 4-4, collected
design criteria for science simulations include allowing students to model real-world
experiments, partition and assign shared work and tasks, simultaneously view and
manipulate virtual models with remote collaborators, and evaluate hypothetical boundary
conditions. The resulting claims associated with the design criteria are transferred from
the previous evaluation of the physical experiment claim schema to the science
simulation claim schema (shown in italics in Table 4-4). These claims are combined with
additional claims that emerged from separate claims analysis evaluations of the science
simulation feature.
Table 4-4. Scientific simulation claim schema.
Computer-based science simulation that allows students to model real-world experiments,
simultaneously view and manipulate shared simulations with remote collaborators, partition shared
work and tasks, and test hypothetical boundary conditions.
Pros:
Cons:
(p1) provides opportunity for students to develop (c1) may give computer-savvy students an
their collaboration skills
advantage in learning the concepts
(p2) provides opportunity to negotiate roles and (c2) computer-savvy students may take over control
collaboration among students
of a simulation and its associated lesson because
they feel more comfortable in working with the
computer
(p3) is a replicable resource that may be spawned on (c3) reduces level of collaboration if separate
any computer
simulations are executed on individual machines
(p4) allows multiple, concurrent executions
(p5) allows students to test boundary conditions that
cannot be reproduced or are too dangerous to apply
in physical experiments
(p6) support rapid data collection compared to
physical experiment
(p7) provides useful abstractions to illustrate realworld phenomena
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4.2.2

Scenario Envisionment

Beyond evolving the artifacts, features, and claims that were produced during
participatory analysis, we also found that these analysis representations naturally
emerged during scenario envisionment as participants concentrated more on the tasks that
were performed rather than the specific artifacts and features that were incorporated or
applied. Throughout design, scenarios were developed in narrative form. They existed
as textual descriptions of activities that users performed and included descriptive
information on the environment and context of those activities. Narratives made
activities concrete so that they may be referenced, dissected, and analyzed. As scenarios
were constructed, we continually analyzed them to identify additional artifacts, features,
and claims much like we analyzed and worked with classroom scenarios during
participatory analysis (see Figure 4-14).
In general, we developed scenarios to envision and design collaborative learning
activities around the use of collaborative concepts and technologies. At first, we
developed high-level scenarios to identify general motivations for computer-mediated
collaboration. As we shall describe later, various motivations and strategies of use
emerged. Over time, the scenarios evolved into more elaborate forms – eventually
resulting in concrete descriptions of detailed learning activities or lessons.
4.2.3

Paper Prototyping and Storyboarding

In addition to the textual narratives, we later supplemented the scenarios with
paper prototypes and storyboards, in which we sketched the chronological states of a
scenario using physical, low-tech tools such as construction paper, pencils, crayons,
scissors, Post-It notes, and transparent tape (Muller, 1991; Muller, 1992). To illustrate,
Figure 4-15 presents a paper prototype of the Virtual School, which was constructed
using the aforementioned low-tech tools. Storyboards enriched the narratives by
providing graphical depictions of use. As we walked through a narrative, we would visit
the various screens of a constructed storyboard to identify and associate potential user
interface representations and human-computer interactions.
Over time, as specific system features in the narratives and storyboards were
agreed upon by project team members, we would capture these features in design
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templates. Design template are screen representations that would have some standard
system features predefined but would also allow participants to sketch within and around
the features to provide content for specific learning activities. For example, as shown in
Figure 4-16, we used a design template to capture the general function and interactions of
an electronic laboratory notebook complete with pages, tabs, status bar, and window
dressings. Centers of the notebook pages were left blank for participants to sketch in as
we walked through specific scenarios. Participants would draw within the blank pages to
describe what might appear during specific learning and teaching activities such as
solving math equations, taking lecture notes, or grading an assignment.

Figure 4-15. Paper prototype of the Virtual School user environment developed using lowtech tools such as paper, crayons, scissors, Post-It notes, and transparent tape.

After the pedagogical content of paper prototypes and storyboards were defined
using design templates, the content was drawn up in electronic form and inserted into full
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computer-based user interface prototypes. The computer prototypes were then further
evaluated by project team members. In this case, much of the evaluation focused on
specific user interface features and details. Figure 4-17 presents a full computer-based
view of the electronic laboratory notebook.

Figure 4-16. Design template for the electronic laboratory
notebook with the pedagogical content sketched in using pen and
pencil.

As we have described, the design of an educational system and its associated
learning activities or use cases in our approach was specified by a composite set of
scenarios, artifacts, features, claims, and user interface mock-ups. An important
consideration for the design process was to be able to evolve these representations in an
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orderly fashion towards a more complete, integrated, and consensus design. Using
Progressive Design, we elaborated system designs through specific design stages. These
stages guided the design process by providing a logical design path. At each stage, we
built from previous stages to realize a design specification that increased in design detail
and completeness over time. Throughout the process, we applied consistent methods to
generate and evolve design specifications based on scenarios, artifacts, features, and
claims.

Figure 4-17. Computer-based user interface prototype of the
electronic laboratory notebook.
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4.2.4

Evolutionary Design

Figure 4-18 illustrates the incremental design process that consisted of the
following four stages:
•

Future envisionment – envision new educational tools and computer-based
learning activities based on results of participatory analysis.

•

Framework development – identify and elaborate system features and
underlying framework that support the learning activities represented by the
envisionment scenarios.

•

Framework contextualization – revamp and adjust learning activities based on
the attributes, capabilities, and usages provided by the defined system features
and framework.

•

Constraint resolution – mitigate any discrepancies and constraints between the
designed activity and the designed educational system.

Participatory Design
Activity Focus
Workplace and
Technology
Scenarios,
Future
Artifacts,
EnvisionFeatures, and
ment
Claims
Participatory
Analysis

Envisionment
Scenarios, Artifacts,
Features, Claims,
and UI Design

Envisionment
Features, Claims,
and UI Design
Framework
Development

Framework
Contextuallization

Generic
Framework
Scenarios,
Artifacts, Features,
Claims, and UI
Design

Contextualized
Framework Scenarios,
Artifacts, Features,
Claims, and UI Design
Constraint
Resolutio
n

Future
Workplace
Scenarios,
Artifacts,
Features,
Claims, and
UI Design

Prototype
Development

System Focus

Figure 4-18. Overview of participatory design process.

As shown in Figure 4-18, analysis results in the form of scenarios, artifacts,
features, and claims that are created during participatory analysis were passed into the
design phase where they were further elaborated and refined through the various design
stages. With the participation of teachers and developers throughout the design process,
the design stages evolved the design representations towards a final consensus vision and
product. Furthermore, as we previously emphasized, a desired attribute of our design
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approach was to support the dual design of both learning activities and educational
systems. Figure 4-18 also illustrates how the design process addressed this
methodological requirement by revolving the focus of the design back and forth between
the activity and system across the design stages.
In this section, we have described claims analysis, scenario envisionment, and
paper prototyping as general techniques we applied during participatory design. In the
following subsections, we further describe the context and manner in which these
techniques were executed within the design stages we carried out. Furthermore, the
design artifacts emerging from the various design stages have distinguishing
characteristics, which will also be highlighted.
4.2.4.1 Future Envisionment

For future envisionment, we develop learning activities based on our
understanding of the educational context and potentially-useful technology. But rather
than unfettered brainstorming, we base our envisionment on analysis features, claims, and
scenarios produced during participatory analysis. In turn, we produce envisionment
features, claims, and scenarios that convey the newly-designed learning activity. In
general, the goal of envisionment scenarios is to generate a set of ideal computersupported activities. Envisionment is tempered by the understanding that the ideal
activities will later be modified to consider technical, time, and software development
alternatives and constraints. By documenting ideal activities, we establish rough initial
designs that will be iteratively refined.
During this stage, we worked with teachers to envision a set of computerenhanced learning activities that incorporated computer-mediated collaborative tools.
The collaborative learning activities were developed over a series of eight separate design
sessions, during which teachers developed various envisionment scenarios (Chin and
Rosson, 1998). Envisionment scenarios were detailed descriptions of learning activities
written from the perspective of the teacher. To teachers, an envisionment scenario served
as a working representation that they developed and evolved over time. Teachers
developed these envisionment scenarios to specify and elaborate the specific steps of a
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lesson, and to elucidate how the lesson will meet particular teaching and learning
objectives.
Based on the envisionment scenarios, we worked with teachers to further detail
and enhance the scenarios by sketching user interface screens (see Figure 4-19). These
paper prototypes served as storyboards (Madsen and Aiken, 1993) that supplemented the
scenarios by providing graphical representations of envisioned systems and their usage.
Figure 4-20 shows a teacher’s paper prototype conception of an electronic science journal
where teachers may create and disseminate problem sets and assignments, and students
may access and complete those assignments. The view of the journal page reflects the
general look of a paper-based laboratory notebook, but the functionality is extended in
the sense that the assignment may be accessed from a computer, shared among multiple
users, disseminated without requiring paper, easily edited, and automatically archived in
electronic form.

Figure 4-19. Using construction paper, pencils, crayons, scissors, Post-It
notes, and transparent tape, teachers and HCI designers develop paper
designs of an envisioned collaborative science learning environment.

A significant portion of the scenarios and paper prototyping work focused on the
envisionment of an ideal collaborative science learning environment that supported
project-based experimentation and research. We called this computer-based learning
environment, the Virtual School. In ten additional design sessions, different groups of
middle and high school students performed similar envisionment of the Virtual School
via storyboarding. Like teachers, students created low-tech paper prototypes to walk
through different science learning scenarios (see Figure 4-21).
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Figure 4-20. Teacher envisionment of an electronic science journal
developed during future envisionment.

Figure 4-21. Middle and high school students collaborate with HCI
designer on paper designs of an envisioned collaborative science learning
environment.

Envisionment scenarios encapsulate a set of envisioned features in use. An
envisioned feature may be the result of analysis on a classroom activity or on existing
technology. The feature is then incorporated into the envisionment scenario.
Alternatively, an envisionment feature may naturally emerge during the envisionment of
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a learning activity. In this case, we develop the envisionment scenario first and then
apply claims analysis to identify features and generate associated claims.
4.2.4.2 Framework Development

In framework development, we extrapolate from the envisionment scenarios to
identify concrete features of systems. Whereas future envisionment represents the
exploration of design ideas, framework development aims to identify, extract, and
organize system features from the envisioned design. Recall that the focus of future
envisionment is on user activities. Thus, envisionment features, claims, and scenarios are
mostly devoid of an underlying software architecture but do generally portray different
kinds of technologies in use. Conversely, framework development focuses on the
specification and design of the underlying software infrastructure or generic framework
to support a wealth of learning activities. The focus moves from specific user needs to
specific system capabilities. To illustrate this transition, teachers and students might
envision a computer-based research repository for storing lab notebooks, research
articles, and lab notebooks during future envisionment. A corresponding system feature
that may provide this capability is a general file system tool that allows users to create
and label different types of files and to organize them within folders. The general file
system becomes a basic feature or capability incorporated into a generic framework.
Figure 4-22 presents a paper prototype of an electronic laboratory notebook that
was produced during framework development and based on the earlier science journal
concept envisioned by teachers (see Figure 4-20). Unlike the teachers’ science journal,
the electronic laboratory notebook conveys system-level features and functionality such
as tabs, icons, workbenches, menus, status bar, and navigational controls. Through the
framework development prototypes, developers were able to extract and refine system
features from the teachers’ initial envisionments.
In our case study, framework design occurred over four sessions of storyboarding
and claims analysis, where developers constructed a series of paper prototypes of a
collaborative science learning environment, or what become commonly referred to as the
Virtual School. The prototypes were developed and exercised in the context of a set of
scenarios and claims. Paper prototypes, scenarios, and claims were presented back to
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students and teachers in various forms throughout framework development for feedback
and further refinement.

Figure 4-22. Developers’ design of an electronic laboratory notebook
with specific system features developed during framework development.
The laboratory notebook was based on the teachers’ envisionment of the
electronic science journal.

4.2.4.3 Framework Contextualization

In the framework contextualization stage, we update the learning activities
as represented by the envisionment scenarios to utilize the system features present
in the framework. The learning activities will change based on the emergent
system capabilities and limitations of the framework. Consequently, the
framework will also change in response to requirements identified by exercising
the computer-based learning activities. In this stage, we essentially contextualize
the framework by running envisioned activities through them. As we exercise the
generic framework, we identify weaknesses and/or discrepancies in the
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framework. These weaknesses and discrepancies are captured as contextualized
framework claims.
During this stage, various components of the Virtual School prototype were
printed out on paper. These templates presented the visual form of system components,
but they were devoid of content. To illustrate, templates included a notebook snapshot
with empty pages, a Netscape window with no content, and an electronic whiteboard with
a blank slate. Using these templates, teachers walked through various envisionment
scenarios - drawing in the content of the templates as they proceeded. The set of
completed templates comprised the next version of the user interface prototype, which
effectively married system features with pedagogical matter. In addition, the scenarios
and claims evolved to emphasize how system features would support specific learning
and teaching activities and outcomes.
Continuing with our electronic laboratory notebook example, Figure 4-23 shows
the next version of the notebook paper prototype where system features are fixed as
graphical user interface components. Using the prototype images as templates, teachers
filled in the content of laboratory notebook pages with system features and functionality
in full view. Thus, teachers would not only think about the pedagogical content but also
how that content was realized, manipulated, and impacted by specific system features.
4.2.4.4 Constraint Resolution

In the constraint resolution stage, we make final adjustments to designed
activities and systems. We examine the contextualized framework claims to focus
our efforts towards specific areas of our designs that need to be resolved. The
goal of this final stage is to tweak current system and activity designs in ways that
are acceptable to both teachers and developers. As an example, Figure 4-24
shows the final merged, consensus design of the electronic laboratory notebook.
Furthermore, design at the constraint resolution stage takes into consideration
both system development and classroom/curriculum issues. Scheduling and
resource constraints lead us to modify our designs for the sake of practicality.
During this stage, developers and teachers met to review the latest
contextualized designs and to negotiate the system features that were to be

150

developed. Both teachers and developers had scheduling constraints. Teachers
were constrained by their lesson plans, which dictated when certain features of the
Virtual School needed to be available over the course of the school year to
support classroom project and lesson activities. Developers were constrained by
manpower and time considerations. In some cases, developers could not provide
desired Virtual School functionality by the time teachers hoped to use those
features in their classrooms. Thus, compromises in system functionality were
needed. Design decisions that reflect these compromises were incorporated into
design criteria as required modifications to artifacts, features, claims, and
scenarios.

Figure 4-23. Teachers extend the design of the electronic laboratory
notebook during framework contextualization by adding pedagogical
content and describing its interaction with system features.

During the early future envisionment and framework development stages of our
design process, we underwent a general process of design envisionment where we
initially created designs of activities and systems. In the latter stages of framework
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contextualization and constraint resolution, we moved away from envisioning new design
ideas to focus on elaborating and verifying current designs. As we proceeded through the
various stages of design, we experienced a gradual shift in our design emphasis from
envisionment to design constraints. The shift reflects designs of increasing structure and
integration of activity and system features.

Figure 4-24. Merged, consensus view of the electronic laboratory
notebook developed during constraint resolution stage.

…
Although we have separated participatory analysis and design into two distinct
phases for the convenience of describing them, there really was no specific point in the
design process where analysis ended and design began. In fact, contrary to this notion,
the TAF model on which Progressive Design is based assumes a fundamental analysis
and design cycle that occurs with each incremental progression of the design (Carroll and
Rosson, 1992). As we work with a set of scenarios, analysis occurs in the identification
of features and claims from a scenario while design occurs in the generation or evolution
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of new features from existing claims and the incorporation of those features into new
scenarios. These fundamental design functions occurred during each stage of the design
process. Nevertheless, we maintain the participatory analysis and design distinction to
portray the general foci of these design stages; namely, we analyze current situations and
technology during participatory analysis while we design new activities and systems
during participatory design.
4.2.5

Design Artifacts

Our design approach produced various types of design artifacts that were
eventually provided to software developers. One design product was a list of features
that delineated the primary components of the system. As shown in Figure 4-25, the
design features comprised what appeared to be standard design specifications typical for
most any software engineering project (see Appendix B: Virtual School Features List for
a preliminary set of design features for the Virtual School). The design specifications
were elaborations of the feature descriptions, which were part of the claim schemas that
evolved over the course of analysis and design.
In addition to design features, we also supplied their associated claims so that
developers could better comprehend the features’ contexts and rationale. Furthermore,
paper prototypes were also provided to developers as specifications of how the artifacts
and features should appear, be organized, and interact. A corresponding set of refined
workplace scenarios further illustrated the context in which the artifacts and features were
used. The scenarios scoped system development work and continuously reminded
developers of the learning and teaching activities that the systems and tools under
development were required to support. As such, the scenarios were also useful in testing
and verifying system and tool features as they were implemented.
4.3

Participatory Evaluation

In our system development process, we conducted evaluation simply by
performing another round of participatory analysis. This time, however, analysis was
centered on the use of the prototype within a pedagogical and classroom context. From a
certain perspective, the prototypes we developed encompassed artifacts and features that
were created via our analysis and design process. Claims may be viewed as hypotheses
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conjecturing that its associated artifacts and features have specific learning, teaching,
and/or collaborative consequences to the user. This claims-as-hypotheses evaluation
approach allows us to evaluate the individual artifacts and features against their intended
design. Similarly, scenarios may also be viewed as hypotheses. Classroom scenarios are
products of activity design that illustrate how teachers and students are expected to use
the prototype in specific learning situations and contexts. Like claims, scenarios allow us
to evaluate learning activities or tasks against their intended design.
General toolbar - A “things to do” toolbar should be available for students to select general tasks that
students may perform. Different icons in the box are associated with different tasks. A simple
mechanism should be provided to students and teachers for defining the set of tasks (and their related
applications) to appear in the general toolbar.
Individual/group workbenches - While working on a project, students are likely to do some research
and work independently and then gather to sift through individually-collected material. Thus, each
student should have his/her own individual workbench to maintain collected research objects. The group
should have a shared workbench from which the students share objects from their individual
workbenches. There should be an easy mechanism for students to show their group the contents of their
individual workbenches. We can accommodate these workbenches by allowing groups to attach multiple
workbenches to a single notebook and to be able to label the workbenches. Thus, students may set up
workbenches for individual or group use.
Shared notebooks - A notebook may be shared among group members at different locations. If remote
group members wish to work on the same page of a notebook, floor control should be established to only
allow one location to make modifications to the page. Other locations should be able to see the
modifications shortly after they are made. Students working on different pages should be able to do so
without hindrance.
Class topic list - All students should have access to a class topic list where the teachers and students
have identified different topics that may be used as the focus of a project. Teachers and students may add
to this list as they think of new topics. Students and groups should then be able to select a particular
topic as their choice for the project and have that selection viewable to other students. A topic may have
a description attached to it that is accessed by clicking on the topic. The topic list should be subject to a
deadline where all selections by groups become permanent. The teacher may review the current
selections and adjust topic assignments to provide better coverage or matches.
Report outline - The group should be able to develop a shared, on-line outline of a report. Students
should be able to input writing and information directly into the notebook via the report outline.
Furthermore, students may be able to assign particular sections to particular students. The outline view
should visually show these assignments. Students should be able to edit the outline, develop sections
from the outline, and assign sections to students. There should be an easy way to transfer objects from
the workbench to the report outline. Although we expect students to typically generate the outline, the
teacher may alternatively provide an outline as a starting point for students.

Figure 4-25. Select Virtual School design features.

In summative evaluation, validating a design is a matter of verifying whether the
design criteria bear true when the system is deployed and applied in the classroom.
Specifically, we verify whether our design as represented by scenarios, artifacts, features,
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and claims are borne out. Did the activity proceed as planned in the scenario? Were
there aspects of the activity that were not anticipated? Were the artifacts of the scenario
applied as designed? Did the artifacts and their features have their desired effects? Are
there other features and consequences of artifacts that we did not consider in our original
analysis? Is captured design rationale evident in the observations? Reviewing some of
our ethnographic analysis results, we might verify the accuracy of our collaboration
taxonomy. Do the kinds of collaboration we previously identified still exist after the
introduction of new technology? Are there new forms of collaboration created by the
prototype-in-use? Are there other important categories, taxonomies, paradigms, and
themes that emerge from the prototype-in-use that were not previously considered?
Apart from validation, we continue to evolve and refine our design criteria during
the evaluation process as we look for ways to improve the design. This re-emphasizes
the formative side of evaluation. The evaluation of the prototype-in-use will modify,
extend, and introduce scenarios, artifacts, features, claims, domains, taxonomies,
paradigms, and themes. From this perspective, we perform evaluation to refine our
design criteria for the sake of improving the current analysis and design.
In our case study, both formative and summative evaluations were conducted
using the same artifacts, methods, and processes. As shown in Figure 4-26, we reapplied
the steps of participatory analysis with the prototype as a new artifact of the teaching and
learning context. Figure 4-26 also illustrates the iterative analysis and design process
inherent to the Progressive Design methodology, and the consistent and continual use and
evolution of the key design representations of artifacts, features, claims, scenarios, and
paper prototypes. As for participation, students, teachers, developers, and designers
applied the same analysis methods and played the same roles as during participatory
analysis.
Although we consider participatory analysis and participatory evaluation as
similar processes, two noteworthy distinctions exist. First, in participatory evaluation, we
look more closely at the impact and consequences of particular designed technologies,
prototypes, and software features on learning and teaching activities and behaviors (see
Figure 4-27). Second, evaluation is driven from existing design criteria whereas the
initial analysis focuses on originating the design criteria from scratch. With these
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distinctions in mind, we may walk through the evaluation process to describe the details
and context of the prototype-in-use.
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and User Data
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Figure 4-26. Overview of participatory evaluation process.

Referring back to Figure 4-26, the evaluation process may be conveyed through
the following steps.
•

The prototype is observed in use in classroom activities. Observations are
videotaped. Figure 4-28 presents a collage of images of computer-mediated
learning activities that were extracted from captured videotape.

•

After the prototype activity is performed in the classroom, we interview
students and teachers about their recent experiences with the prototype. We
ask students and teachers to confirm, refute, or modify the artifacts, features,

156

claims, and scenarios of our design. We also ask students and teachers to
identify new artifacts, features, and claims.
•

We apply categorical, taxonomic, and themes analysis on the new set of
artifacts, features, and claims.

•

A set of classroom scenarios is extracted from our videotaped observations for
further analysis. We look for episodes similar to our envisioned scenarios as
well as new ones we consider critical in the context of the prototype-in-use.

•

Students and teachers analyze the classroom scenarios to identify artifacts,
features, and claims. We look for instances of existing artifacts, features, and
claims as well as new ones that are relevant to the prototype-in-use.

•

We consider whether deficiencies found with the prototype-in-use may be
resolved by introducing additional technologies or technology features. If so,
we assess the capabilities of the potential technologies or technology features.

•

We redesign the prototype based on our evaluation and analysis of the
prototype-in-use and new potential technologies and technology features.

The above evaluation process mirrors the steps we conduct for participatory analysis, but
with a specific emphasis on developed prototypes and tools and their use as embedded
educational artifacts.
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Figure 4-27. In participatory evaluation, we examine the impacts and
consequences of new educational technologies and technology features
(e.g., video conferencing, simulations, and the Virtual School) on
learning and teaching activities and behaviors.
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Figure 4-28. Images of computer-mediated learning activities extracted
from collected videotapes.

In reapplying participatory analysis for summative evaluation, evaluation
becomes based on the same design representations and analysis methods that are integral
to the overall general design process. This allows us to feed our evaluation results
directly back into design as we iterate through versions of prototypes. Furthermore,
keeping with our participatory objectives, students and teachers are engaged in the
evaluation process to the extent they are engaged in participatory analysis and design.
4.4

Analysis and Design Products

The analysis and design products we derive through Progressive Design are not
totally unique to participatory design methods. In fact, many of the products, such as
domains, taxonomies, scenarios, and paper prototypes, are common analysis and design
representations in participatory design and HCI. Nevertheless, we claim that Progressive
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Design produces analysis and design results that are more reflective of the context in
which systems are to be employed. More specifically, we claim that the analysis and
design results are more complete and more consistent with the needs of students and
teachers. Correspondingly, a system developed through Progressive Design should be
better equipped to support the critical educational activities of students and teachers. We
base these assertions on the argument that Progressive Design does satisfy its
methodological objectives (see Section 3.4) and will substantiate these assertions over the
remainder of this dissertation.
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5

Ethnographic Results
Different kinds of ethnographic analysis artifacts were developed over the course

of our case study including domains, dimensions of contrast, paradigms, taxonomies, and
themes. These analysis artifacts are standard products of the Developmental Research
Sequence methodology (see Section 3.3.5), and were initially constructed during an early
participatory analysis phase (see Section 4.1.2). Since our Progressive Design approach
is iterative, the ethnographic analysis artifacts continually evolved over time as we
conducted additional ethnographic analysis passes. Furthermore, scenarios and claims
analysis also evolved the ethnographic analysis artifacts as we consciously looked for
evidence of domains, dimensions of contrast, paradigms, taxonomies, and themes in the
scenarios and claims that were generated.
Ethnographic analysis artifacts provide logical structures and context for
organizing and interpreting ethnographic data. Through these analysis artifacts, we
discuss, elaborate, and analyze various aspects or elements of collaborative learning
activities and the collaborative classroom environment in which they take place. The
artifacts are also used to define context and scope towards the design of educational
technology. In this chapter, we present some of the more relevant and compelling
ethnographic results that were produced during ethnographic analysis.
5.1

Domains

As described in Section 3.3.5, the first stage of our ethnographic analysis
approach was domain analysis, where we pulled out features from our observations and
organized them along “categories of meaning” or domains. From our interviews with
teachers and students, and our observations of middle and high school students running
science experiments, we identified approximately 257 different domains. Table 5-1
presents a subset of domains that we considered most important and relevant to the
design of a collaborative science learning environment.
A significant portion of the collected domains focused on pedagogical or
classroom features that had specific consequences on student collaboration. Since one of
the general objectives of the LiNC project was to study the effects of collaborative
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technology on science teaching and learning, one of the first domains derived captured
the different “ways that students collaborate”. From our classroom observations, we
observed students partaking in a variety of collaborative activities as they assembled
equipment, executed experiments, analyzed data, and worked on problem sets. In
addition, we specifically asked students and teachers in interviews to describe the various
ways that students collaborate in the classroom. Table 5-2 presents the collaborative
events we observed or uncovered through observations and interviews as a specific
domain.
Table 5-1. Critical domains derived from ethnographic observations.
Categories
Attributes of a science classroom
Kinds of motivations for science students
Reasons why students take science courses
Ways student groups are formed
Reasons for assigning students to groups
Ways students spatially organize themselves in a classroom
Results (consequences) of a large group
Ways student select team members
Kinds of conflicts that occurs in student teams
Ways to resolve student conflicts
Kinds of peer student relationships
Kinds of teacher-student relationships
Kinds of student leaders
Kinds of projects and experiments
Ways of carrying out experiments or projects
Attributes of an experiment or project
Results of an experiment or project
Ways of collecting data
Kinds of skills important in science
Ways that students partition their experiment or project work
Ways that students validate their hypotheses
Ways to reflect on and synthesize the concepts of an experiment
or project

Kinds of errors that emerge in experiments and projects
Ways to guide an experiment or project forward
Ways to organize experiment or project work
Kinds of goals teachers wish to achieve through experiments and
projects
Kinds of experimentation strategies that students employ
Ways a student takes control of an experiment or project
Ways that students communicate
Ways to encourage student participation
Kinds of progress that teachers monitor
Ways that teachers reinforce their students
Ways that teachers assess their students
Kinds of accumulated knowledge
Kinds of educational resources that students apply in their
research
Ways students use computers
Ways teachers use computers
Kinds of computer-based lessons that teachers employ
Kinds of computer tools that students and teachers employ
Reasons why teacher employ computers in their classrooms
Kinds of computer-mediated collaboration tools
Kinds of computer-based science simulations
Kinds of computer-based science equipment or instruments
Kinds of computer peripherals found in classroom

The derived “ways that students collaborate” domain represents a large, diverse
collection of collaborative activities and events. Later, we refined this domain into
smaller, more manageable sub-domains such that we could better direct, confine, and
conduct further ethnographic analysis. For instance, one of the refined domains focused
on the specific “kinds of collaborative learning activities” that teachers plan and students
conduct as shown in Table 5-3.
Collaborative learning activities vary in the kinds of collaborations they evoke.
For example, experiments and projects are organized around groups where issues of
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group formation and dynamics become important. Teacher demonstrations and class
discussions are collaborative activities that generally involve the entire class and are
generally managed by the teacher. Student presentations and follow-up question and
answer sessions are also class-wide collaborations, but they are generally directed and
managed by student presenters rather than the teacher. Student presentations came in a
variety of forms including stand-up oral presentations, music videos, plays, and skits.
Lastly, role-playing is a group or class exercise where students act out the behavior of
objects or organisms. For instance, in a role-playing session at one of the middle schools,
science students played the roles of molecules interacting in solids, liquids, and gases.
The objective of the role-playing exercise was to understand the energy associated with
different states of matter.
Table 5-2. Domain of “ways that students collaborate.”
Ways that Students Collaborate
Negotiating group membership
Gathering laboratory equipment
Defining, negotiating, and allocating a set of tasks among group members
Assembling/disassembling laboratory equipment
Relating experimental parameters and attributes to science concepts under study
Deriving goals, objectives, and hypotheses
Following steps of an assignment or experiment
Describing or demonstrating steps of an assignment, experiment, or lab equipment assembly
Explaining why a feature, model, or process works or does not work
Designing, implementing, and enforcing an experimentation strategy
Troubleshooting incorrect or unexpected results or findings
Interpreting and analyzing data
Solving mathematical problems
Guiding other group members through mathematical calculations
Comparing results, findings, or data
Reflecting on a phenomenon or experiment to derive solutions to questions posed by the teacher or other
group members
Discussing experimental findings
Answering a question posed by the teacher or another student
Writing down answers or solutions to a science problem
Writing a lab report
Developing an oral presentation
Giving an oral presentation
Developing a paper poster
Developing a multimedia program
Developing a music video that incorporates some scientific topic
Acting in a music video
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One of the collaborative learning activities listed in Table 5-3 is the experiment.
Science teachers typically rely on the experiment as the main mechanism for teaching
science, and science students generally have expectations that they will carry out
experiments in a science class. In the classrooms, we observed the different ways that
students collaborated during an experiment. Afterwards, we organized our observations
according to the temporal “phases of an experiment,” because we found that students of a
group will collaborate at different levels and in different ways to complete the
chronological tasks associated with the experiment. As shown in Table 5-4, these
experimental phases comprise yet another domain.
Table 5-3. Domain of “kinds of collaborative learning activities.”
Kinds of Collaborative Learning Activities
Experiments
Projects
Teacher demonstrations
Class discussions
Student presentations
Question and answer sessions
Role-playing

Table 5-4. Domain of “phases of an experiment.”
Phases of an Experiment
Forming into groups
Deriving goals, objectives, and hypotheses
Defining, negotiating, and allocating tasks
Gathering and assembling laboratory equipment
Executing the experiment
Collecting data from the experiment
Discussing and analyzing results
Disassembling and returning the equipment
Writing up lab report
Presenting results to teacher and class

In the first collaborative phase of an experiment, students in the class form into
groups. Teachers generally allow their students to select their own groups, but
occasionally, the teachers will make group assignments for the class. Once groups are
formed, each group brainstorms over the goals and objectives of the experiment. What
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concepts does the group need to demonstrate? What hypotheses does the group want to
prove? What are the expected results? The next phase is the negotiation of roles and
tasks among group members. Roles and tasks identify how group members will
collaborate to manage and execute the experiment. In some groups, members simply
assume certain roles with little discussion. In other groups, the roles are explicitly
negotiated among group members or assigned by emergent leaders of the group. In the
next phase, the group collaborates to gather and assemble laboratory equipment for the
experiment. The group then coordinates on the execution of the experiment, which
normally involves different group members operating different controls and measurement
devices. Next, data is collected as students read measurement devices and document
results. Typically, a particular group member is tasked to read data aloud from the
measurement devices while one or more other group members document the results.
Once all the runs of an experiment have been completed and all the data have been
gathered, the group brainstorms to make sense of the data and to draw conclusions.
Afterwards, the group disassembles the laboratory equipment and returns it to storage.
The standard product of an experiment is the lab report. Students sometimes
collaborate on the writing of lab reports by partitioning its parts and assigning them to
different members to complete. In other cases, one student may be responsible for
generating the entire report and the other students simply copy or plagiarize the report. In
some cases, teachers will have groups present their experimental findings and/or
laboratory reports to their entire classes through oral presentations. Members of a group
share in the planning and development of the oral presentation. They also must negotiate
their roles in giving the presentation. During the presentation, group members
collaborate on the delivery.
As shown in Table 5-5, a project follows many of the same phases as an
experiment, but is executed over a much longer period of time. Both experiments and
projects capture and represent exploratory scientific processes. One main difference is
that students select and define their own science topics for projects, whereas teachers
define the topics associated with experiments. Another difference is that students
typically spend much more time in experimental design on projects as they construct and
establish a full investigative path to guide their research. In contrast, the experimental
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designs for experiments are generally predetermined and provided by teachers. Finally,
projects typically produce elaborate and complex physical research products such as
bridges, airplanes, volcanoes, robots, or machines. Results of experiments, however, are
generally much simpler and often non-tangible (i.e., numeric results, specific
observations). These key differences emphasize the greater autonomy, architecting, and
decision-making that projects carry over experiments.
Table 5-5. Domain of “phases of a project.”
Phases of a Project
Forming into groups
Identifying a science topic
Deriving goals, objectives, and hypotheses
Defining experimental rationale and design
Defining, negotiating, and allocating tasks
Collecting data from research
Discussing and analyzing results
Developing research product
Writing project report
Presenting results to teacher and class

One of the most important domains for teachers was centered on defining
educational motivations for applying computer-mediated collaboration (Chin and Rosson,
2004). Teachers often have difficulty incorporating new educational technologies into
their teaching practice because the new capabilities do not match nor fit the teacher’s
specific pedagogical context or needs. As a result, teachers are often thrown new
technologies that they cannot easily apply nor assimilate into their classroom activities.
On the LiNC project, we wanted to introduce computer-mediated communication tools as
way to promote collaboration across schools. The teachers, however, did not want CMC
technologies to be arbitrarily applied to their classrooms but rather logically and
strategically orchestrated with the real pedagogical and collaborative needs of their
teaching and their students. Is there an educational benefit to facilitating remote
collaboration among distant students? Consequently, as shown in Table 5-6, a domain
was derived describing the practical motivations or “reasons for distributed students to
collaborate.”
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In data pooling, equipment access, and asset sharing, the motivation for remote
collaboration stems from a lack of person or project resources at any one location. Thus,
the collaboration is aimed at the sharing of scarce resources (Bikson and Eveland, 1990).
A consequence of resource sharing is that collaborators may take on specific roles. If one
party has all the resources, the relationship becomes one of producer-consumer.
Unfortunately, the producer may gain little or no benefit from the collaboration, and thus,
may not be sufficiently motivated to participate. In the case where both parties have
resources to share, a symbiotic relationship would be expected. The two remote parties
depend on one another to complete the experiment or project. Without the remote
collaboration, the individual parties cannot carry out the work. Both parties are
motivated to work together and want the collaboration to succeed. This is an optimal
condition for remote collaboration.
Table 5-6. Domain of “reasons for distributed students to collaborate.”
Reasons for Distributed Student to Collaborate
Data Pooling
Equipment Access
Asset Sharing
Interest Pooling
Mentoring
Physical Environment Sharing

Interest pooling is another example of resource sharing, though not of physical
resources. By allowing students to organize into groups over a distributed network, we
are able to expand the virtual class size. Under this arrangement, remote collaborators
become peers. For students participating on independent projects, the unlimited class
size supports a greater infusion of topics and interests. As a result, a student is more
likely to find a topic and collaborators that closely match his or her specific interests.
The motivations for remote collaboration we have discussed thus far effectively
homogenize disparate classes by providing equal access to students, data, equipment, and
other educational resources. In contrast, mentoring and physical environment sharing
leverage off differences in classroom compositions and settings. In the case of
mentoring, older students are matched with younger ones to establish tutor-tutee

167

relationships. Both sides are expected to gain from the collaboration – tutors gain a more
comprehensive understanding of the material they teach as they learn through a process
of teaching (Goodlad and Hirst, 1989; Hedin, 1987; Wood et al., 1995), while tutees
receive more personalized instruction and attention.
Physical environment sharing also depends on the physical separation of
collaborators, and it is most effective when the external environments of the remote
locations vary in their physical compositions and features. Student collaborators work to
compare and contrast one another’s local surroundings.
Derived domains also covered particular aspects and characteristics of teachers
and students. For instance, in interviews and discussions, teachers often characterized
their own teaching styles in various terms. The teaching/learning approaches mentioned
by teachers are listed in Table 5-7. Two of the teachers in our case study proscribed to a
traditional, didactic teaching approach (Gagne, 1985; Gagne, 1987; Thorndike, 1932)
that relied heavily on conveying scientific concepts and facts through lecture and then reenforcing those concepts through physical experiments.

The two other teachers

emphasized a discovery learning approach (Resnick and Chi, 1988; Shulman and Kieslar,
1966; Suchman, 1961), which focused less on the dissemination and transfer of concrete
science facts and more on the dynamic processes of hypothesis generation and scientific
exploration.

Another teaching approach popular among the teachers was authentic

learning (Burke, 1999; Donovan et al., 1999; Newmann and Wehlage, 1993), which
promotes the idea that students should learn through realistic, practical experiences by
having them conduct the same research, use the same tools, and work in the same
physical environment as real scientists.

Having students design and remotely run

experiments on the NASA (National Aeronautical and Space Administration) Space
Shuttle (National Aeronautics and Space Administration, 2002) is an example of
authentic learning.

One middle school teacher was also a strong advocate of

interdisciplinary learning (Jones et al., 1997; Reimann and Spada, 1996; Stepien et al.,
1993), where she would coordinate with teachers from other disciplines to develop
lessons that would link and merge scientific ideas and thought to other concepts. For
instance, the middle school science teacher teamed up with an art teacher to develop a
joint assignment for their combined classes. For this assignment, students were asked to
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convey scientific concepts through some form of artistic performance. Students created
rap songs, plays, poems, and skits to describe physical phenomena such as
photosynthesis, nuclear fusion, volcanic eruptions, and DNA (Deoxyribonucleic Acid).
In reality, teachers do not solely apply a specific approach in their teachings, but rather
utilize an agglomeration of teaching styles and methods to support different modes of
learning and accommodate diverse curriculum and scheduling requirements and
constraints.
Table 5-7. Domain of “kinds of teaching/learning approaches.”
Kinds of Teaching/Learning Approaches
Didactic Teaching
Discovery Learning
Collaborative Learning
Authentic Learning
Interdisciplinary Teaching
Agglomeration

In examining the roles that students assume during physical experiments and
projects, teachers identified four basic functions as shown in Table 5-8. The leader
controls and sets the direction of an experiment or project and executes the critical steps
or phases. The doer also performs the steps of an experiment or project, but generally
under the direction of the leader. The recorder documents the results of experiments on
paper as they are carried out. The bystander is a passive observer of the experiment or
project. Teachers observe their students falling into these different roles based on the
personalities of the students and the dynamics of the group. Groups may have more than
one person filling the various roles, while the same person may play different roles in
different groups and/or assignments.
Table 5-8. Domain of “kinds of student roles in an experiment or project.”
Kinds of Student Roles in an
Experiment or Project
Leader
Doer
Recorder
Bystander
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Beyond classifying learning and teaching attributes and behaviors, we also use
domains to organize and classify technologies. For example, Table 5-9 lists different
kinds of computer-mediated communication mechanisms that may be used to support
collaborative learning. The table contains both real-time tools such as text chat, live
audio, and video conferencing, as well as asynchronous tools such as e-mail and bulletin
boards.
Table 5-9. Domain of “kinds of CMC mechanisms.”
Kinds of Computer-Mediated
Communications Mechanisms
Text Chat
Live Audio
Video Conferencing
E-mail
Bulletin Boards

5.2

Taxonomies

In deriving an extensive set of domains, we took inventory of the various features
and attributes embedded within science teaching and learning situations. The next stage
was to flush out in greater detail select domains that could be applied to scope and guide
follow-up analysis and design activities. We selected key domains we considered as
highly relevant and important to our educational and system development efforts, and
then further elaborated those domains through additional ethnographic analysis. The set
of key domains included:
•

kinds of experiments,

•

kinds of learning activities,

•

ways that students collaborate,

•

ways that student communicate,

•

phases of an experiment,

•

phases of a project,

•

kinds of experimentation strategies,
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•

kinds of experimental design approaches,

•

kinds of teaching styles,

•

kinds of learning styles, and

•

kinds of computer-mediated communication mechanisms.

One way to further elaborate a domain is to identify its sub-domains or subclasses through taxonomic analysis. In taxonomic analysis, we look for additional
relationships among the elements of a specific domain. These relationships delimit the
elements of the sub-domains. The sub-domains may then be further refined – resulting in
an overall, hierarchical structure that comprises the taxonomy.
In our case study, a very basic taxonomy was developed to classify CMC
mechanisms as shown in Table 5-10. The taxonomy introduces one more level of
resolution to the original “kinds of computer-mediated communication mechanisms”
domain (Table 5-9) by separating CMC mechanisms into two groups according to
whether the tool is synchronous or asynchronous. This is a common delineation of CMC
tools. Nevertheless, the taxonomy makes explicit a critical property of CMC tools that
was important to consider in their application to collaborative learning.
Table 5-10. Taxonomy for “kinds of CMC mechanisms.”
Kinds of Computer-Mediated
Communications Mechanisms
Synchronous
Text Chat
Live Audio
Video Conferencing
Whiteboard
Asynchronous
E-mail
Bulletin Boards

Another taxonomy was developed for the “ways students collaborate” domain as
shown in Table 5-11. This taxonomy defines six different kinds of student collaboration.
Procedural collaboration implies the stepwise execution of a process or sequence.
Students collaborate to work through the steps of a procedure. Analytical collaboration
refers to the group’s ability to analyze hypotheses, phenomena, events, data, or problems.
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Students work together to collectively brainstorm, reason, and draw viable conclusions.
Organizational collaboration focuses on the administration of people and work. This
kind of collaboration relies heavily on the negotiation and management abilities of group
members. Instructional collaboration occurs when one student tutors others on some
aspect of an assignment, lesson, experiment, or project. This collaboration is based on a
Table 5-11. Taxonomy for “ways students collaborate.”
Way Students Collaborate
Procedural
Gathering laboratory equipment
Assembling/disassembling laboratory equipment
Following steps of an assignment or experiment
Analytical
Deriving goals, objectives, and hypotheses
Relating experimental parameters and attributes to science concepts under study
Interpreting and analyzing data
Solving mathematical problems
Comparing results, findings, or data
Reflecting on a phenomenon or experiment to derive solutions to questions posed by the teacher or
other group members
Discussing experimental findings
Troubleshooting incorrect or unexpected results or findings
Organizational
Negotiating group membership
Defining, negotiating, and allocating a set of tasks among group members
Designing, implementing, and enforcing an experimentation strategy
Instructional
Guiding other group members through mathematical calculations
Describing or demonstrating steps of an assignment, experiment, or lab equipment assembly
Explaining why a feature, model, or process works or does not work
Constructional
Presentation
Developing an oral presentation
Developing a music video that incorporates some scientific topic
Physical Product
Writing down answers or solutions to a science problem
Writing a lab report
Developing a paper poster
Developing a multimedia program
Presentational
Giving an oral presentation
Acting in a music video
Answering a question posed by the teacher or another student
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teacher-student relationship among two or more students. Constructional collaboration
occurs when students work together to develop the content of some product. The content
may be a presentation for which the group’s ability to develop a logically organized,
comprehensible, and coherent argument is key, or a physical product which may depend
on specific artistic, mechanical, or engineering skills. This collaboration utilizes the
distributed creativity and implementation talents of the group. As described, the form of
the product (presentation vs. physical product) introduces yet another level into the
taxonomy. Presentational collaboration focuses on the collective delivery of a
presentation. This collaboration relies on joint showmanship and verbal skills.
We used the “ways students collaborate” taxonomy as an analytical framework
for guiding much of our data collection, analysis, and design activities. For instance, as
we videotaped in the classrooms, we sought to capture a broad range of activities that
would cover the various classifications in the taxonomy. Similarly, during analysis and
design, we consciously aimed to produce a base set of scenarios and associated claims
that would also provide full coverage of the taxonomy.
5.3

Dimensions of Contrast and Paradigms

Domains naturally gather elements or objects that have similar characteristics. In
further elaborating domains, we also look for distinctions or dimensions of contrasts
across elements. These are main distinctions among the elements of a domain. For
instance, referring back to the “ways student collaborate” domain (Table 5-2), we
reviewed the domain elements to identify properties and classifications that could be used
to further differentiate and subset the elements within the domain. With a set of
dimensions of contrast, we may then construct paradigms, which map domain elements
against dimensions of contrast. Paradigms are best conveyed in tabular form. To
illustrate, Table 5-12 presents the derived domain for the “ways students collaborate.”
The first column lists the domain elements while the top row lists the dimensions of
contrast.
In the paradigm, the first dimension of contrast for the “ways student collaborate”
domain specifies whether the collaborative activities represented within the domain are
aimed towards achieving a group consensus. For instance, the process of negotiating and

173

allocating tasks associated with a project or experiment generally requires agreement
among group members. Other activities such as negotiating group membership,
executing an experiment, analyzing data, and answering assignment questions also
commonly seek group consensus. Although these activities are not always wholly
democratic, a general objective of the collaboration is to achieve some level of
consensus. On the other hand, other collaborative activities such as troubleshooting,
tutoring, and class discussions are not generally consensus-driven.
Table 5-12. Paradigm for “ways students collaborate.”

Collaborative Task or Activity
Procedural
Gathering laboratory equipment
Assembling/disassembling laboratory
equipment
Following steps of an assignment or
experiment
Analytical
Deriving goals, objectives, and hypotheses
Relating experimental parameters and
attributes to science concepts under study
Interpreting and analyzing data

Limiting
Resource

Inherently
1-1
Collaboration

Involves
Series of
Steps

Critical for
Completing
Experiment

Pieces of
equipment

No

Yes

Yes

No

Yes

Yes

No

Yes

Yes

No

No

No

Yes

No

No

No

No

Yes

Yes

No

No

No

Yes

Requires
Group
Consensus

Resource
Limited

No

Yes

No

Yes

No

Yes

Yes

Assembly
tasks
Execution/
assignment
tasks

Decomposable
elements

Solving mathematical problems
Comparing results, findings, or data
Reflecting on a phenomenon or experiment to
derive solutions to questions posed by the
teacher or other group members
Discussing experimental findings
Troubleshooting incorrect or unexpected
results or findings
Organizational

Yes

Yes

No

Yes

Yes

Yes

No

No

Yes

Yes

No

No

No

No

Yes

No

No

No

No

Yes

No

No

No

No

Yes

Negotiating group membership
Defining, negotiating, and allocating a set of
tasks among group members
Designing, implementing, and enforcing an
experimentation strategy

Yes

Yes

No

No

Yes

Yes

No

No

No

Yes

Yes

No

No

No

Yes

Number of
students

Collaboration among students is also sometimes motivated by the need to share a
limited resource such as laboratory equipment, computers, poster space, and report space.
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The limiting resource may be abstract rather than physical such as the tasks involved in a
particular experiment or project, problems of a problem set, or available slots of a project
team. This kind of collaboration signifies two additional dimensions of contrast – one is
whether the collaborative activity is resource-limited (true/false) and the other is
specifying the particular limiting resource.
Table 5-12 (cont.). Paradigm for “ways students collaborate.”

Collaborative Task or Activity
Instructional
Guiding other group members through
mathematical calculations
Describing or demonstrating steps of an
assignment, experiment, or lab equipment
assembly
Explaining why a feature, model, or process
works or does not work
Constructional
Presentation
Developing an oral presentation
Developing a music video that incorporates
some scientific topic
Physical Product
Writing down answers or solutions to
science problems
Writing a lab report
Developing a paper poster
Developing a multimedia program
Presentational
Giving an oral presentation
Acting in a music video
Answering a question posed by the teacher or
another student

Inherently
1-1
Collaboration

Involves
Series of
Steps

Critical for
Completing
Experiment

No

Yes

Yes

No

No

No

Yes

Yes

No

No

No

Yes

No

No

Yes

Yes

No

No

Yes

Yes

No

No

No

Yes

Yes

Yes

No

Yes

Yes

Yes

Yes

No

Yes

Yes

Yes

Yes

No

No

Yes

Yes

Yes

Poster space
Computer
availability

No

No

Yes

Yes

Yes

Topics in the
presentation

No

Yes

Yes

Yes

No

No

No

Yes

No

No

No

No

No

Requires
Group
Consensus

Resource
Limited

No

Limiting
Resource

Topics in the
presentation

Number of
problems
Parts of lab
report, report
space

In addition, some collaborative activities are inherently one-on-one collaborations
such as in tutoring, while most others require collaboration among the larger group.
Another dimension of contrast is whether collaborative activities involve a synchronized
step-by-step process such as assembling equipment, executing an experiment, and solving
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mathematical problems. Finally, some collaborative activities, such as group formation,
experimental design, data analysis, and reporting and documentation are critical to the
completion of an experiment or project, and thus, are mandatory activities.
Another important paradigm in our case study is the “phases of an experiment or
project” paradigm. On the LiNC project, we had a general interest in determining
whether different phases of an experiment or project give rise to different collaboration
needs, and thus, are better supported by different kinds of learning activities and
educational technologies. Accomplishing this requires us to identify and comprehend the
phases of an experiment or project. Table 5-13 lists the dimensions of contrast that were
derived for the “phases of an experiment or project” paradigm. The first dimension of
contrast generalizes the forms of collaboration that occur within the phases of an
experiment whether they be brainstorming, negotiation, procedural, assembly, analysis,
etc. Two other dimensions of contrast focus on the artifacts that are shared in a
collaboration - specifically, what are the shared artifacts and whether these artifacts are
abstract or concrete by nature. For instance, students may share in the concrete, physical
control of experimental apparatus or students may share in conversation which has no
physical manifestation.
Another dimension of contrast focuses on whether the phases require real-time
interaction. For example, defining goals, negotiating tasks, assembling equipment and
executing experiments all require spontaneous, real-time interaction and coordination
among group members, In contrast, writing the final project report does not require realtime interaction because work is performed in an individual, piecemeal manner as
sections of the report are divided among team members to develop and compose.
The different phases of an experiment also encompass different kinds of tasks.
Some of the collaborative tasks or activities are highlighted or emphasized at a particular
stage, but continue to occur as general collaborative tasks over the course of the
experiment or project. For example, student form into a group at the beginning of an
experiment or project, but also form into to smaller groups throughout the course of the
experiment or project to perhaps conduct research on a subtopic, assemble and operate
equipment, answer particular questions of an assignment, develop sections of a report,
etc. In contrast, other collaborative activities, such as assembling equipment, executing
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the experiment, and composing the lab report, normally occur only once and are distinct
to its phase (note that assembling equipment and executing experiments are different
kinds of collaborative activities than forming into groups to assemble equipment and
execute experiments).
Table 5-13. Paradigm for “phases of an experiment.”
Abstract or Requires
General
Benefits
Form of
Artifact of Concrete Real-Time Collaborative from Self- Product of
Phases of an Experiment
Collaboration Sharing
Artifact Interaction
Tasks
Reflection Collaboration
Forming into groups
Negotiation
Students
Concrete
No
Yes
No
Student team
Deriving goals, objectives, and
Goals,
Set of goals,
hypotheses
objectives,
objectives, or
Brainstorming hypotheses Abstract
Yes
Yes
Yes
hypotheses
Defining, negotiating, and
Task
allocating tasks
Negotiation
Tasks
Abstract
Yes
Yes
No
assignments
Gathering and assembling
Assembled
laboratory equipment
Assembly Equipment Concrete
Yes
No
No
equipment
Executing the experiment
Experimental
Procedural Equipment Concrete
Yes
No
No
runs
Collecting data from the
Experimental
experiment
Procedural
Data
Abstract
Yes
No
No
data set
Discussing and analyzing results
Data,
Experimental
findings,
findings and
Brainstorming and results Abstract
Yes
Yes
Yes
results
Disassembling and returning the
Disassembled
equipment
Assembly Equipment Concrete
Yes
No
No
Equipment
Writing up lab report
Negotiation,
Completed
Assembly Lab Report Concrete
No
No
Yes
Lab Report
Presenting results to teacher and Negotiation,
In-Class
class
Procedural Presentation Abstract
Presentation
Yes
No
Yes

Another dimension of contrast considers whether collaborative phases would
benefit from individual student reflection. Teachers and student believed that certain
kinds of collaborative activities would be more effective if students had the opportunity
to individually digest concepts, data, and/or information first before collaborating on the
development of a research product or result. For example, having students reflect upon
and individually develop group goals, objectives, and hypotheses first before combining
or merging them into a shared group vision was important to students such that they
could think critically about these aspects as well as to individually gain experience and
develop skills that are essential to science learning. Analyzing results, composing lab
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reports, and giving presentations were collaborative activities that teachers and students
believed would benefit from individual study and reflection.
Each phase of an experiment produces some result such as a project team, set of
goals, assembled equipment, data sets, or results and conclusions. A final dimension of
contrast is the resultant product or artifact generated from each collaborative phase. As
shown in Table 5-13, each phase has distinct research products.
As discussed in Section 5.1, we consider experiments and projects to be
analogous, but carried over different time scales. As such, we applied the same
dimensions of contrast we derived for experiments to the “phases of a project” paradigm
as shown in Table 5-14.
Table 5-14. Paradigm for “phases of a project.”

Phases of a Project
Forming into groups
Identifying a science topic
Deriving goals, objectives, and
hypotheses

Form of
Artifact of
Collaboration Sharing
Negotiation
Students
Brainstorming, Science
negotiation
topics

Abstract

No

Yes

Yes

Goals,
objectives,
Brainstorming hypotheses

Abstract

Yes

Yes

Yes

Brainstorming

Rationale,
design

Abstract

Yes

Yes

Yes

Negotiation

Tasks

Abstract

Yes

Yes

No

Procedural

Data

Abstract

No

No

Yes

Abstract

Yes

Yes

Yes

Concrete

Yes

No

No

Concrete

No

No

Yes

No

Yes

No

Yes

Defining experimental rationale
and design
Defining, negotiating, and
allocating tasks
Collecting data from research

Abstract or Requires
General
Benefits
Concrete Real-Time Collaborative from Self- Product of
Artifact Interaction
Tasks
Reflection Collaboration
Concrete
No
Yes
No
Student team

Discussing and analyzing results
Data,
Brainstorming
results
Developing research product
Negotiation,
Project
assembly
report
Writing up project report
Negotiation,
Project
assembly
report
Presenting results to teacher and Negotiation,
class
procedural Presentation

Selected topic
Set of goals,
objectives,
and
hypotheses
Experiment
rationale and
design
Task
assignments
Project data
set
Experimental
findings and
results
Research
product
Completed
project report
In-class
presentation

CMC tools may or may not support multiple, simultaneous conversations and
large group sizes. Live audio and video teleconferencing depend mainly on an audio
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stream for communications. Multiple conversations using these tools are difficult
because participants may not be able to distinguish among the voices of collaborators at
remote locations. This limits the optimal, effective size of the group.
Another dimension of contrast for CMC mechanisms is persistent history. A
CMC tool would be of great benefit to students if it were able to capture a historical
record of the conversation among group members. The record then may be used as the
target of reflection and analysis as students evaluate their results, look for errors in logic,
and recall objectives and rationale. The usefulness of any historical record is driven by
whether it is reasonable organized and structured, and whether it may be indexed,
searched, and annotated to identify key points, decisions, and events.
Different collaborative science activities require different levels of accuracy and
deliberation in communications. For precise or sensitive correspondences, certain CMC
tools give students time to reflect upon and compose their communications before they
deliver it. Text chat, whiteboards, bulletin boards, and e-mail support this feature by not
transmitting a message until a carriage return or a ‘send’ button is hit – giving students
the opportunity to review and edit their correspondences. In contrast, video
teleconferencing and live audio are spontaneous and capture every speech fragment and
utterance.
In some situations, students would also enjoy the ability to communicate privately
with other specific students of the group. For example, we found that some students
might tutor other students in their group as the remainder of the group proceeds with a
collaborative activity such as an experiment. Students in need of tutoring may be weaker
students or students who had missed previous days of class. Another situation where
discreet conversation may be desired is when students are forming into groups. Group
members may wish to converse privately before bringing another student into the group.
Componential analysis provides a method for organizing, structuring, and
analyzing ethnographic data in a way that allows us to discover underlying groupings and
patterns. Paradigms provide the working representations that facilitate componential
analysis. Once they had been generated, paradigms continued to support analysis and
design activities throughout our case study. For instance, when we began to evaluate
CMC tools for possible incorporation into the Virtual School, we revisited the “ways
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students collaborate” paradigm to identify technologies and/or capabilities that could
support the various collaborative activities. We focused specifically on features inherent
or related to the dimensions of contrast (see Table 5-15 and Table 5-16 – paradigm
shown in two parts). For instance, we envisioned supporting consensus-based
collaboration through consensus-taking tools such as an electronic voting tool. We also
imagined resource scheduling and management tools to assist in organizing different
kinds of limiting resources. One-to-one collaboration could be supported and enhanced
through separate, more personal communication channels. Workflow or process tools
may be used to manage step-by-step experimental procedures. Finally, critical activities
and steps may be explicitly represented and highlighted in a collaborative learning
environment.
Table 5-15. First part of paradigm for “kinds of computer-mediated
communication mechanism.”
Kinds of
Real-Time Delayed Simultan- Visual Speed of Sense of Multiple, Group Persistent
Computer- Interaction Interaction eous On- Images Input Presence SimultanSize
History
Mediated
Line
eous
Collaboration
CollaborConversaTools
ators
tions
Text Chat
Yes
No
Yes
No
Slow
Low
Yes
Large
Yes
Live Audio
Yes
No
Yes
No
Fast
Moderate
No
Small
No
Video
Yes
No
Yes
Yes
Fast
High
No
Small
No
Conferencing
Whiteboard
Yes
No
Yes
No
Slow
Low
Yes
Medium
No
E-Mail
No
Yes
No
No
Slow
None
No
Large
Yes
Bulletin Board
No
Yes
No
No
Slow
None
No
Large
Yes

Table 5-16. Second part of paradigm for “kinds of computer-mediated
communication mechanism.”
Kinds of
Target for Explicit
Structures May be May be
May be Reflection
Private
Computer- Reflection Rationale Content of Indexed Searched Annotated before CommunicaMediated
and
CommunicaDelivery
tions
Collaboration Analysis
tions
Tools
Text Chat
Yes
Yes
No
No
Yes
No
Yes
Yes
Live Audio
No
No
No
No
No
No
No
No
Video
No
No
No
No
No
No
No
No
Conferencing
Whiteboard
Yes
No
No
No
No
Yes
No
No
E-Mail
Yes
No
No
Yes
Yes
No
Yes
Yes
Bulletin Board
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
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In some cases, we worked across multiple paradigms. For instance, in this
section, we emphasized that different experimental phases give rise to different
collaboration requirements. Some of these requirements pertain to the ways that students
and teachers communicate and the media they apply. We may associate experimental
phases to CMC mechanisms through its features as represented by the mechanisms’
dimensions of contrast (Chin and Carroll, 2000). For example, as students negotiate
when organizing into groups, they may potentially communicate with a large number of
students. Also, the negotiation is typically spontaneous and swift. Thus, the CMC
mechanism we employ to support group formation should possess certain capabilities
such as delivering real-time interaction, supporting large group sizes, and providing a
rapid form of input. Returning to the “kinds of CMC mechanisms” paradigm, we may
then trace the desired features back to specific CMC mechanisms that are best-suited to
support group formation. In this particular example, we found that both live audio and
video teleconferencing provided the desired rapid form of input but did not support large
group sizes. Conversely, text chat supported the large group sizes, but was slow to input.
We also employed the paradigms to investigate specific pedagogical issues. For
example, a prominent issue in education is focused on the effects of gender and cultural
differences in collaborative learning (Hofstede, 1986; Lee, 1993; Marcoulides, 1991,
Whitley, 1997). On LiNC, we found that students of the same gender or race often
banded together into working groups. Some teachers felt that the associations were
largely the result of implicit, inherent biases that children develop in their interactions
with their families, neighborhoods, and local communities.
Some of the teachers on the LiNC project wanted to limit personal biases by
reducing the ability of students to make distinctions of race and gender. This may be
accomplished by restricting the communication channel to exchange only basic and
relevant conversation. Other teachers, however, believed that regardless of the social and
pedagogical implications of their students’ decisions, the students should organize into
groups much like they would outside of school and in their future careers. They will be
responsible for such decisions in the future. Relating back to CMC mechanisms, video
teleconferencing revealed the physical features of remote collaborators, and thus, did
little to confine the gender and racial biases of students. At the other end, text chat hid
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mostly all details of the physical appearances of collaborators. Live audio was
somewhere in between as race and gender may be inferable from voice pitch and patterns
of speech.
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6

Claims in Artifact Analysis
Claims are critical analysis and design representations within our development

approach and were applied extensively in analysis and design activities. Over the course
of our case study, over 250 claim schemas and 870 specific claims were developed to
support various analysis and design functions and activities. This chapter illustrates the
wide diversity of claims that we had developed and applied in our collaborative analysis
and design work. Overall, we used claims to analyze and document various kinds of
artifacts including
•

pedagogical features and learning/teaching attributes,

•

collaborative tools and technologies, and

•

envisioned design features of learning activities or software tools.

In this chapter, we present claims as individual units of analysis and/or rationale
for the purpose of discussing their diversity, forms, and internal structure and attributes.
The applications of claims, however, are strongly tied to scenarios. Scenarios and their
general relationship to and operations with claims will be elaborated in Section 7.4.
6.1

Classroom Claims

Our initial participatory analysis efforts focused on the development of claims on
features of learning activities and the classroom context. We called these early claims,
“classroom claims.” They covered a broad range of contextual, practical, and
pedagogical issues and mirrored many of the key categories that emerged from
ethnographic analysis. In this section, we elucidate a number of classroom claims under
various categories to illustrate their attributes, purpose, usage, and overall breadth.
6.1.1

Classroom Artifacts

In our classroom analysis, we examined the impacts and use of physical
educational artifacts such as science journals, laboratory equipment, calculators,
assignment hand-outs, and data worksheets. Throughout the LiNC project, the teachers
continually emphasized the need for students to have physical contact with scientific
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instruments and common laboratory articles (e.g., test tubes, Bunsen burners, rulers, and
stopwatches). Our objective in analyzing physical classroom objects was to comprehend
the affordances and limitations of these concrete, tangible learning artifacts and consider
them in the design of computer-based learning activities.
Table 6-1 enumerates the claims for the science journal as an educational artifact.
As presented, the science journal serves various functions and has many positive
consequences. Among its many benefits, the science journal is a common scientific tool
that provides experience with authentic scientific work. It also assists students in
integrating information and knowledge and to practice their writing skills. As a recording
device, it collects anecdotal and historical information that may be recalled by students at
a later time. For teachers, the science journal provides important information to the
teachers with regard to a student’s progress, potential struggles, and personality. It also
provides a private channel of communications between the student and the teacher.
Table 6-1. Science journal claims.
Science Journal
Pros:
(p1) reflects real-world science skills
(p2) consistent with real-world tools that scientists apply
(p3) aids students in integrating information and knowledge
(p4) practices student literacy skills
(p5) collects anecdotal information
(p6) provides cumulative record of history/progress
(p7) may be used as a reflection/study tool whereby students may
review previous lessons and previously collected information
(p8) gives teacher valuable information beyond the curriculum
(i.e., conveys student progress, struggles, personality)
(p9) provides a private communications link between teacher and
student

Cons:
(c1) grows unwieldy over time
(c2) indexing and searching of contents may be difficult
(c3) is difficult and cumbersome for teachers to review and grade
(c4) delays feedback to student (students want immediate
feedback)
(c5) many students simply do not use feedback given by teacher
in lab notebook
(c6) requires the student to write by hand
(c7) required time and effort to complete may lead students to
minimize their use and input into the journal
(c8) physical form has physical limitation (i.e., size of journal
page, sequential pages, etc.)

Among its drawbacks, the science journal may become unwieldy over time –
making it difficult for students to recall information and teachers to review and evaluate.
Furthermore, teachers expend significant time and energy in reviewing and commenting
in science journals, and thus, feedback to students is often delayed. Some students
simply ignore the comments placed in their journals by their teachers. The process of
manually writing information into the science journal seems slow and laborious for many
students, which may result in students minimizing the length and detail of their journal
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entries. The physical dimensions of the science journal also limit what can be placed in
it.
Physical laboratory equipment represents another classroom artifact. The typical
physical experiment is conducted on laboratory equipment that is shared among group
members. Table 6-2 lists the set of claims for shared laboratory equipment. One of the
educational benefits of shared equipment is that provides an opportunity for students to
practice and build both mechanical and collaboration skills. It also provides an
opportunity for students to work towards an intermediate success state as they
successfully complete the assembly of the laboratory equipment. Finally, the assembly
and use of physical laboratory equipment is an authentic part of conducting scientific
research, and thus, provides real-world experience.
Table 6-2. Shared laboratory equipment claims.
Shared Laboratory Equipment
Pros:
(p1) provides opportunity for students to develop their
mechanical skills
(p2) provides opportunity for students to develop their
collaboration skills
(p3) in assembly, provides an opportunity for an intermediate
success state
(p4) consistent with the real-world experience that scientist go
through

Cons:
(c1) physical equipment may difficult to obtain (e.g., too
expensive, one-of-a-kind, and physically too large)
(c2) favors students with strong mechanical skills - giving them a
greater chance for success over others
(c3) mechanically-oriented students may take over learning
activity and/or equipment because they feel more comfortable in
working with the equipment
(c4) physical equipment cannot be shared outside of the
classroom – students must be co-located

A drawback is that some laboratory equipment may be too expensive or rare to
obtain. Furthermore, it may provide an unfair advantage to students with strong
mechanical skills. A final drawback is that the physical equipment cannot be shared
outside the boundaries of the classroom, and thus, collaborating students must be colocated.
A recurring common benefit among physical classroom artifacts like shared
laboratory equipment is that they provide students experience with authentic scientific
tools that they will likely apply in future scientific careers. Another general benefit stems
from the tangibility of physical artifacts in that the full effect of physical phenomenon
may best be experienced through the full deployment of the physical senses, and thus,
being able to touch, see, hear, smell, and taste physical objects is important to
comprehension and understanding.
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6.1.2

Learning Activities

Claims were also developed on various kinds of learning activities. As presented
as part of our ethnographic results (see Section 5.1), teachers employ different kinds of
learning activities to educate their science students - accommodating different
pedagogical objectives and student learning styles. During analysis, we derived various
claims to emphasize the purposes and objectives of different learning activities.
In one typical learning activity, the teacher conducts a science demonstration in
front of an entire class utilizing specific scientific equipment. As the demonstration
proceeds, the teacher fields questions from the class. Table 6-3 presents the claims
associated with classroom demonstrations. One benefit of demonstrations is that they
allow the teachers to share limited laboratory equipment with the entire class. They also
support lively, spontaneous interaction between the teacher and her students, and may be
dynamically modified to test evolving hypotheses that emerge from these interactions.
Furthermore, if a demonstration is engaging and effective, it may lead to greater student
interest and involvement, deeper student learning and insights, and better student recall.
Also, demonstrations promote the development of inquiry skills as students are
encouraged to ask questions and participate in the discovery process.
Table 6-3. Classroom demonstration claims.
Classroom Demonstration
Pros:
(p1) a way to share limited equipment with the entire class
(p2) supports dynamic, spontaneous interaction among teacher
and students
(p3) easily modifiable to test evolving ideas and hypotheses

Cons:
(c1) limits scientific experience for students since teacher is in
control of the execution of the experiment
(c2) some physical props are not readily available for
demonstration
(c3) activity cannot be shared with another class from another
school

(p4) induces greater interest and involvement in students when
demonstrations are engaging
(p5) increases understanding in students by revealing the science
concepts in physical manifestations
(p6) provides memory aid for recalling the scientific concepts
(p7) practices and develops their inquiry skills

On the other hand, demonstrations limit the scientific experience for students
since the teacher conducts and controls the experiment. Furthermore, teachers may not
have the right physical props to effectively conduct a demonstration. Finally,
demonstrations only invite the participation of co-located students.
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Group oral presentations are another kind of learning activity with different
consequences. As shown in Table 6-4, group oral presentations practice and develop
communication and presentation skills. Since oral presentations are typically
accompanied by posters, they accommodate students with visual learning styles. They
also teach students to integrate, synthesize, and abstract their results and findings into a
suitable presentation form. For the class, oral presentations provide students exposure to
a rich set of competing and related findings and ideas, and exposes students to the idea of
scientific variation and diversity.
Table 6-4. Group oral presentation claims.
Group Oral Presentation
Pros:
(p1) practices and develops communication and presentation
skills
(p2) may accommodate certain learning styles (visual)
(p3) integrates the experimental activity (into a presentation)
(p4) encourages synthesis and abstraction

Cons:
(c1) is socially high-risk for many students
(c2) favors students with strong presentational skills - giving
them a greater chance for success over others
(c3) may be tedious if groups present the same information over
and over
(c4) activity cannot be shared among students from classes at
different schools

(p5) allows public comparison and enrichment of ideas
(p6) promotes an appreciation for scientific variations and
diversity

A drawback of oral presentations is that some students perceive them as socially
high risk as they worry about their performance in front of the class. Oral presentations
may also favor those students with strong presentation skills – giving them a greater
chance for success over others in the class. Furthermore, if the various group
presentations contain similar content, they may become tedious and redundant. Finally,
live presentations are only available to co-located teachers and students.
An important characteristic among the different learning activities is that they
practice and develop different kinds of skills. For instance, in our examples, we have
illustrated how classroom demonstrations and oral presentations respectively promote the
development of inquiry and presentation skills. A common drawback of existing learning
activities is that they traditionally take place within a physical classroom with the
participation of co-located teachers and students. The application of collaborative
technologies in the classroom looks to remove this boundary.
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6.1.3

Teaching Strategies

The teachers applied various teaching strategies in the classroom to accommodate
personal teaching styles and evoke different levels and/or kinds of learning in students.
In general, the teachers did not subscribe to formal teaching approaches (e.g., discovery
learning, cooperative learning, and authentic learning), but rather their teaching styles
were eclectic, homegrown collections of teaching strategies and techniques. These
teaching strategies were applied to facilitate specific educational objectives and
intentions.
One teaching strategy we observed was open scientific exploration. Under this
strategy, the teacher refrains from fixing a correct solution or a predetermined path to a
solution for a scientific problem. Instead, the student is encouraged to design and carry
out their own experimental processes that will lead to a reasonable result and conclusion.
This strategy is in line with the objectives of long-term projects where students develop
their own hypotheses and map out their own research processes to examine and validate
those hypotheses.
As shown in Table 6-5, a benefit of an open exploration strategy is that it
emphasizes the investigative process over the final result. Thus, students practice and
develop scientific exploration and analytical skills that are critical to scientific discovery,
hypothesis testing, and problem solving. The stronger involvement and control of
research processes may also evolve a greater sense of student ownership in experiments
and projects. Lastly, the role of the teacher shifts from one of knowledge provider to one
of facilitator as he or she assists and guides students along in their research processes.
The teachers found this new role to be much more interactive and exhilarating, because
they were able to establish closer relationships with their students and observe real
progress in students’ scientific reasoning.
A drawback of open exploration is that students are generally accustomed to more
structure in their learning activities and may suffer as a consequence. For instance, open
exploration may result in a form of thematic vagabonding (Dörner, 1987), as students
arbitrary move among different lines of exploration with no apparent objective in sight.
Furthermore, since teachers yield control of the research process to students, teachers
may have less control over what students learn. They also may have greater difficulty in
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evaluating students’ work since all results are in a sense correct provided that a
reasonable research process had been followed.
Table 6-5. Open exploration during experiment claims.
Open Exploration during Experiment
Pros:
(p1) encourages the learning of discovery processes and skills
that are inherent in science exploration
(p2) promotes greater analytical skills in students since students
are required to design their own experiments to test evolving
ideas and hypotheses
(p3) provides sense of ownership in students on their
experimental findings. Different students will end up with
different findings depending on their course of exploration.
Thus, the findings from an exploration are personal and not
fixed.
(p4) allows both the teacher and the student to work through the
discovery process together. Teachers are no longer the source of
knowledge but rather the "facilitator" of knowledge.

Cons:
(c1) some students will suffer because they are either poor
discovery learners or they are not accustomed to the lessstructured learning approach
(c2) may result in "thematic vagabonding" where students
randomly move from one line of exploration to another without
focusing the exploration in the direction of a specific goal
(c3) may result in findings which are inconsistent across different
students or groups. How does the teacher control what the
student learns? How does the teacher know whether the student
picks up the relevant and important scientific concepts?
(c4) the result of the exploration may be difficult to grade since
all observations are all in a sense valid.

Another teaching strategy was to have students draw from their past experiences
to develop their own scientific concepts. For example, in an introductory lesson on
waves, one of the middle school teachers had her students list and describe the different
kinds of waves they had encountered in their normal lives. Students provided examples
such as ocean waves, waves in a puddle caused by raindrops, and the waving of one’s
hand. The purpose of this exercise was to develop understanding in students by having
them ground very abstract scientific concepts on real, everyday objects and events.
As presented in Table 6-6, a benefit of drawing from past experiences is that it
provides students a practical, usable foundation from which to develop concepts and
theories. It also allows the students to practice and develop communications skills as
they narrate and apply their experiences. For teachers, the teaching strategy provides a
basis for assessing the students’ current knowledge. Teachers may pick up students’
terminology and identify possible misconceptions. This all serves as input into the
development of follow-up learning activities that would leverage from the students’
current understanding and disposition. A drawback is that students with weak
communication skills may have difficulty expressing their experiences and knowledge.
Like different learning activities, different teaching strategies are likely to practice
and develop different kinds of scientific skills. Consequently, the strategies are also
likely to better accommodate different learning styles. Teachers often worry whether
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particular teaching strategies or styles will unfairly favor some students over others. To
alleviate this concern, teachers often utilize a mix of learning activities that exercise and
appeal to a broad range of student skills.
Table 6-6. Drawing from past experience claims.
Drawing from Past Experience
Pros:
(p1) gives the student a practical foundation from which to build
concepts and theories.
(p2) allows students to practice and develop communication
skills
(p3) aids the teacher in assessing the current knowledge of the
students
(p4) identifies misconceptions the students may have and
potential problem-areas of the lesson
(p5) reveals the informal terminology students use to define
science concepts
(p6) aids the teacher in organizing and developing the upcoming
lesson

Cons:
(c1) students with weak communication skills may have a
difficult time expressing their experiences and knowledge

In conducting claims analysis on applied teaching strategies, teachers were
essentially required to critique their own teaching practices. Teachers were asked to
make explicit, examine, assess, and share the rationales and attributes of their teaching
strategies. These results become particularly important in the latter envisionment of new
learning activities, where these teaching strategies evolved and were reapplied to
futuristic scenarios.
6.1.4

Lesson Attributes

Apart from learning strategies, the lessons that teachers design and students carry
out contain certain educational attributes or qualities. These attributes evoke specific
consequences for teachers and students. In examining the attributes of a lesson,
participants scrutinize educational features and make judgments on their relative value to
teaching and learning. Consequently, teachers are again placed in the position of
critiquing their own lessons. Similarly, these assessments are applied to improve future
teaching and learning as they are fed back into the envisionment of new learning
activities.
For instance, scientific phenomenon and concepts are associated with potentially
complex mathematical formulas. For a science lesson, the teacher must decide how
much emphasis to place on the mathematical aspects of the underlying scientific
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concepts. As shown in Table 6-7, a benefit of placing a strong emphasis on mathematics
in science lessons is that it practices and develops an essential skill required in authentic
scientific research and transferable to other fields. Furthermore, a concentration on
mathematics enforces learning that may occur in parallel math courses. It is also
straightforward to grade. Finally, mathematics also provides concise abstractions of
scientific concepts that may be manipulated and integrated with other mathematical
abstractions.
Table 6-7. Emphasis on mathematics claims.
Multiple Activities in Lesson
Pros:
(p1) is essential part of science
(p2) is a transferable skill to other fields
(p3) re-enforces learning in math classes
(p4) is easy to grade

Cons:
(c1) may lose view of higher-level science concepts
(c2) students may succeed without learning the science concepts
(c3) students may fake calculations to make experiments produce
desirable results
(c4) favors students with strong mathematical skills - giving them
a greater chance for success over others

(p5) abstracts from the actual science concepts
(p6) may be integrated with other mathematical abstractions

A drawback of a mathematical emphasis is that students may become absorbed in
the mathematical abstraction and lose sight or never fully comprehend the higher-level
science phenomenon or concept. Furthermore, some students may deliberately falsify
calculations to achieve the expected result. Finally, an emphasis on mathematics may
favor those students with stronger mathematical skills, and thus, give such students a
greater chance for success.
Another commonly observed attribute of science lessons is that they involve
physical, hands-on interaction with laboratory equipment or apparatus. The traditional
view of science lessons centered around physical experiments still persist in the science
classroom and teachers continue to stress the importance of providing students with
concrete physical experiences through hands-on operation of experiments. As presented
in Table 6-8, a benefit of physical, hands-on experiments is that they make the underlying
scientific concepts seem more concrete to students, because the students are able to
associate the concepts to tangible objects that may be fully sensed. Conducting hands-on
experiments is also an inherent part of doing real science as most physical scientists
routinely employ sophisticated instruments in their daily work. Since students must
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assume certain roles and share physical tasks, hands-on experiments also allow students
to practice and develop collaboration skills.
Table 6-8. Physical, hands-on experience claims.
Physical, Hands-On Experiment
Pros:
(p1) is familiar to the student because the students are used to
hands-on experiments in science classes
(p2) makes the science concepts under study seem more concrete
since the student can physically interact with the concepts via the
experiment apparatus
(p3) consistent with real-world experience that scientists go
through
(p4) provides opportunity to negotiate roles and collaboration
among students
(p5) provides opportunity for students to develop their
collaboration skills

Cons:
(c1) may give mechanically-inclined students an advantage in
learning the concepts
(c2) mechanical included students may take over control of an
experiment and its associated lesson because they feel more
comfortable in working with the equipment
(c3) may become bogged down in assembly and operation of
physical equipment
(c4) held to the constraints and limitations of the equipment
(c5) may be limited in ability to evaluate boundary conditions
(c6) a hands-on experiment cannot be shared among students
from classes at different schools

A drawback of hands-on experiments is that it may favor mechanically-inclined
students who are comfortable in assembling and operating experimental equipment.
Greater physical involvement may give those mechanically-inclined students an
advantage in learning the scientific concepts as well as greater empowerment to control
the direction of experiment. Another negative consequence of hands-on experiments is
that students may become absorbed in the assembly and operation of the equipment to the
detriment of understanding the underlying scientific concepts. Furthermore, students
may be limited in their investigations by the constraints of the laboratory equipment.
Thus, students may not be able to evaluate boundary conditions or parameters of an
experiment because they are outside the specifications supported by the equipment. A
final drawback is that hands-on experiments require collaborating group members to be
co-located.
The set of lesson attributes we analyzed were wide-ranging, and thus, the
associated claims were also wide-ranging. Regardless, the attributes that were analyzed
are lesson features that participants found most interesting or compelling in classroom
observations and scenarios. Claims analysis allowed us to scrutinize these features more
closely to elaborate the underlying qualities, rationale, and reasons that made these
features interesting and compelling to participants.
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6.1.5

Groups

A focus of the LiNC project is the study of collaborative technologies and
learning. An expected outcome of this focus is an examination of group functions and
processes. Characteristics such as size, composition, formation, and roles affect the
ability of groups to effectively function and progress. To a large extent, teachers can and
do define and/or set the conditions of working student groups. To better comprehend
how group attributes affect group functioning and behavior, we evaluated various aspects
of groups using claims analysis.
For instance, groups are typically formed in one of two ways. Students may
either be assigned to groups by their teacher or allowed to self-organize into groups. As
shown in Table 6-9, a benefit of teacher-assigned groups is that they allow teachers to
optimally organize groups around student skills, motivations, personalities, interests, and
work ethics. They also allow teachers to break up friends and provide students with
greater exposure to other classmates. The separation of friends may also lessen horseplay
since group members have more formal relationships and are under greater social
pressure to perform.
Table 6-9. Teacher-assigned group claims.
Teacher-Assigned Group
Pros:
(p1) allows for optimal groupings of skills, motivations,
personalities, interests, and work ethics
(p2) gives students experience in working with other students
that are apart from their friends
(p3) lessens horseplay that occurs among friends

Cons:
(c1) requires time and effort for teacher to properly implement
(c2) teacher may not be able to detect and avoid strong
personality conflicts
(c3) students may resent lack of control

A drawback of teacher-assigned groups is that the teacher is required to devote
significant time and effort into identifying reasonable group assignments. Furthermore,
the teacher may not be able to foresee personality conflicts that may upset or disrupt
group functioning. Finally, students may desire greater control and resent not being able
to select their own partners nor organize into their own groups.
Another important attribute of a group is its size. Table 6-10 presents the
consequences of having a large group. A benefit of a large group is that it organizes and
provides a larger pool of input, knowledge, and labor. Its greater resources may allow the
group to attack more challenging and complex problems. Furthermore, since larger
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groups imply an overall smaller number of groups, the teacher is required to supply fewer
quantities of computers and laboratory equipment, monitor fewer groups, and grade less
group work. With a smaller number of groups, the teacher is better able to monitor,
advise, and grade group work at greater depths.
Table 6-10. Large group claims.
Large group size
Pros:
(p1) may provide greater input and knowledge than smaller
groups
(p2) may handle more challenging and complex problems
(p3) requires fewer computers and equipment
(p4) requires less grading by teacher if group is graded as whole

Cons:
(c1) not everyone in the group may be engaged (group may be
too large to keep everyone interested)
(c2) demands greater accessibility to the equipment since the
equipment must be shared among a larger number of students
(c3) tends to evolve into smaller subgroups
(c4) a subgroup of students may take over the lesson while the
rest of the larger group stands idle.

(p5) may allow teacher to grade in greater depth since there are
fewer groups
(p6) is easier for teacher to provide guidance to each group since
there are fewer groups

A significant drawback of large groups is that the number of roles for a lesson or
experiment may not engage all group members. Furthermore, only a limited number of
students may effectively access the equipment at any given moment due to space
constraints and the amount of physical controls. As such, some students may fail to
participate in the lesson or experiment. A larger group may also fragment into smaller
subgroups since keeping a singular focus and line of thought would be difficult to sustain
within a larger group. Subsequently, a subgroup of students may end up taking over the
lesson or experiment while the rest of the group becomes idle.
The analysis of groups steered teachers to think about the formation and
composition of groups in their own classrooms. They were able to see how various group
attributes positively and adversely affected the interactions and behavior of students. In
fact, our evaluation of group characteristics led one of the LiNC teachers to experiment
with group assignments in his classes in an effort to identify optimal group compositions.
The teacher’s tinkering of groups took place beyond and outside of our participatory
analysis and design activities.
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6.1.6

Student Roles

From our observations and analysis, we have found that students organize along
many different kinds of roles during their investigative efforts. For example, students
often take on roles based on required physical tasks such as opening a valve, looking for
an event or condition, reading a stopwatch, and writing down data. Roles may also be
defined along analytical functions such as designing the experiment, operating the
equipment, calculating results, and answering assigned problems. Organizational roles
also exist such as leaders, recorders, doers, and bystanders. These roles convey the social
hierarchy, responsibilities, and perceptions of students within a group. They provide
insight into the structure of a group’s organization and functioning. Consequently, the
analysis of roles is important in our study because they portend to the behaviors and
interactions of organized students.
As we have alluded, teachers sometimes will define and assign specific roles to
the members of a group to achieve some pedagogical objective. As shown in Table 6-11,
a benefit of this practice is that it may motivate students by providing each with specific
responsibilities and a clearly defined purpose. Furthermore, role definitions may reduce
the potential for conflict as each student will abide by their specific, carefully crafted
roles. They may also facilitate more efficient and productive work as the defined roles
will establish clear tasks and responsibilities and lessen redundancy across the efforts of
students.
Table 6-11. Teacher-defined role definitions claims.
Teacher-Defined Role Definitions
Pros:
(p1) provides motivation by having a defined purpose - provides
a sense of responsibility
(p2) manages and reduces conflict - as long as students stick to
their roles, conflict should not arise
(p3) promotes efficiency and productivity by establishing clear
tasks and eliminating redundant efforts among students

Cons:
(c1) students will not do what they’re not assigned - reduces the
opportunity for students to receive a more general experience
(c2) developing and assigning roles require time and effort on the
part of the teacher
(c3) different roles will promote different levels of motivation,
involvement, and education
(c4) if not enough roles exist, some students will be left out

On the downside, roles limit students to specific work and responsibilities, and
thus, will not provide a more general scientific experience to students. Furthermore, the
development and assignment of effective roles will require time and effort from the
coordinating teacher. In addition, some roles will inequitably motivate, involve, educate,
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and benefit some students more than others. Finally, if not enough roles exist to
accommodate all students of a group, some students will be left out of the learning
activity.
Rather than fixing roles for individual students, teachers also explored the idea of
rotating roles among group members to provide a more general experience. As presented
in Table 6-12, a benefit of this strategy is that it provides students with greater exposure
to different tasks and responsibilities and provides a more complete experience. The
expanded exposure leads to broader learning and greater growth. The strategy is also fair
since each student will carry out every role. Furthermore, students with reserved
personalities will have the rare opportunity to take on more dominant roles.
Table 6-12. Rotating roles claims.
Rotating Roles
Pros:
(p1) gives each student exposure to and experience with a diverse
set of roles and tasks (provides for a more general experience)
(p2) provides broader learning and growth opportunities for
students since they are able to experience more tasks and roles
(p3) is fair to the students
(p4) reserved students get opportunity to take on more dominant
roles

Cons:
(c1) is less efficient and productive in getting the tasks
accomplished since students do not get the opportunity to
become proficient on specific tasks
(c2) students may resist roles that are uncomfortable

On the downside, rotating roles may be less efficient and productive since
students may not get the required exposure to be proficient in any role. Furthermore,
some students may resist certain roles because they feel uncomfortable.
Teachers may deliberately define and assign specific roles to effect certain
pedagogical consequences. The set of claims on student roles we have described are
relevant to the formulization, prescription, and assignment of student roles by teachers.
The claims address features of the learning activity over which the teacher has control
and may manipulate. In most cases, however, students evolve into and assume implicit
roles while collaborating with others. The role a student assumes within a group depends
on a variety of factors such as the student’s personality, learning style, social status, and
comfort level with other group members.
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6.1.7

Student Personalities

As we had observed, students have a wide range of personalities that affect the
roles they assume, the students they befriend, the ways they interact with others, and a
whole gamut of social and learning issues. To a degree, teachers try to combine
complementary personalities when assigning students to groups. Such an endeavor,
however, is an inexact science as teachers largely organize students into groups through
their intuitions or “gut feelings” that certain personalities would mesh and work well
together. In analyzing student personalities, we look to delve into understanding how
certain kinds of personalities affect the student’s function and effectiveness within a
learning group.
To illustrate some of our analysis on student personalities, we review the
generated claims for two types of leaders we observed in the classroom. Table 6-13
presents claims for a peacemaker personality that leads through consensus-making. The
peacemaker is democratic by nature - continually seeking input and agreement from all
group members in making decisions and ensuring that every group member has a voice
and an opportunity to participate in activities. As such, the peacemaker needs to have
strong communications skills and a good rapport with all group members. Through his or
her actions, the peacemaker leader nurtures other group members, encourages them to
participate, and enhances overall group dynamics. She is also supportive and may build
self-esteem in others. By listening and accepting input from others, the peacemaker
leader validates the opinions and ideas of other group members. Another potential
positive outcome of having a peacemaker is that the group may be able to solve deeper or
broader problems through the wider participation of its group members.
Table 6-13. Peace-maker leadership claims.
Peace-Maker Leadership
Pros:
(p1) supports fairness in interactions
(p2) is nurturing for other group members

Cons:
(c1) requires that a student can harness and apply this capability,
skill, or potential
(c2) may be less efficient and productive if the group considers
all input and explores all suggestions equally

(p3) encourages other group members to participate
(p4) enhances group dynamics
(p5) is supportive of other group members - builds self-esteem in
other group members
(p6) validates the opinions and ideas of other group members
(p7) through greater group participation, the group may explore
deeper and more broadly
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On the downside, a peacemaker leader may not be able to harness his or her
capabilities within a group (i.e., disruptive students may quash his or her consensusmaking efforts). Furthermore, the group may be less efficient and productive if every
group member’s input is considered and suggestions are carried out.
In contrast to a peacemaker leader, an autocratic leader pushes forward his or her
agenda with little regard for the input and participation of others. An autocratic leader
typically has a dominant personality and strong will. The autocrat commonly has an
undeniable belief that his or her actions and answers are always correct. Other group
members may simply accede to the autocrat or be in constant conflict and confrontation
with him or her. As shown in Table 6-14, an advantage of having an autocratic leader is
that work is always progressing (but specifically along the autocrat’s agenda).
Table 6-14. Autocratic leadership claims.
Autocratic Leadership
Pros:
(p1) may be efficient and productive- work is always moving
ahead

Cons:
(c1) may be a bully
(c2) may foster resentment within the group
(c3) results in less group involvement and participation
(c4) results in less scientific exploration and inquiry
(c5) needs to have some degree of correctness to be effective

On the downside, the autocrat may be abusive and foster the resentment of group
members. The autocrat may suppress the involvement and participation of other group
members. Less group involvement will lead to less exploration of alternative ideas and
less scientific inquiry. Additionally, the autocrat’s ideas and solutions may be incorrect,
but still forced upon the rest of the group.
The attributes of the personalities we have presented were actually observed
among students in our study. There is, however, a certain risk in pooling student
personalities into specific stereotypical views. After all, personalities encompass
complex and not fully understood psychological and social traits. Nevertheless, student
personalities have a clear impact on the functioning of a group or a class. A general
analysis of student personalities was useful for understanding how students’
predispositions and personal traits were reflected in their learning and social interactions.
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6.2

Collaborative Technologies

Claims analysis was also applied to the evaluation of specific collaborative
technologies. Given that LiNC developers had significant exposure to and experience
with different kinds of collaborative technologies, they were able to derive technology
claims by enumerating the general affordances and constraints of the different
technologies. The teachers, on the other hand, gained working knowledge of the
collaborative technologies as they experimented with groupware tools in training sessions
and actually applied the tools in various learning activities in the classroom. The
teacher’s participation in the technology claims analysis provided a very pragmatic view
of the groupware tools as they often looked beyond the pure technical capabilities of the
tools to examine the tools’ specific impacts on teaching and learning.
Our initial set of technology claims focused largely on traditional groupware tools
that are well established and generally available to all computer users. Groupware tools
such as electronic whiteboards, e-mail, text chat, and audio/video conferencing have been
around for many years and their impacts on various disciplines and work activities have
been the subjects of many CSWC research efforts. In this section, we present our
analysis of a select set of these groupware tools to convey their discovered impacts on
science teaching. We also present claims for the scientific simulation, which was initially
considered by participants as a computer-based equivalent to the physical experiment.
The LiNC teachers and developers had varying levels of prior experience with different
kinds of topical scientific simulations.
Electronic whiteboards are designed as collaborative spaces where remote users
may share different kinds of static media such as text, drawings, and images (see Table
6-15). They are generally viewed as repositories of media objects. Among their benefits,
electronic whiteboards provide a salient space for collaborative work and allows users to
annotate images and diagrams with text. Through the use of telepointers, electronic
whiteboards also convey the presence and actions of remote students – providing a
greater sense of awareness of remote users and their activities.
Among its negative consequences, electronic whiteboards may provide a too
limiting set of media objects. More specifically, the results and products of many
applications are not easily transferable or usable in standard electronic whiteboards. As a
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single shared space, students cannot easily partition the space amongst one another and
may inadvertently or purposefully overwrite one another’s contributions. We also have
found that students will often use the whiteboard as a doodling space and may become
distracted from their learning endeavors. Over time, an electronic whiteboard may
become overly cluttered and become difficult to navigate and manage.
Table 6-15. Electronic whiteboard claims.
Electronic Whiteboard
Pros:
(p1) supports sharing of text, diagrams, and images
(p2) offers a salient space for collaboration
(p3) allows sharing and annotation of diagrams and images
(p4) increases awareness of remote collaborators and their
activities (via telepointers)

Cons:
(c1) may support limited media or imports from other useful
applications
(c2) may not partition and supply designated spaces for
individual group members
(c3) students may erase or overwrite each other’s work
(c4) as a doodling space, it may distract students from other
learning activities
(c5) may become cluttered and difficult to navigate and manage

In contrast to electronic whiteboards, a variety of groupware tools are intended to
primarily support remote communications or conversation. In our analysis, we examined
and compared such computer-mediated communication (CMC) tools to assess their
abilities to support scientific discourse. Regarded as the most established CMC tool, email provides a popular form of asynchronous communications. Among the benefits of
its asynchronous nature is that it does not require collaborating students to be
simultaneously available and on-line to collaborate, and gives students time to
thoughtfully compose and review their messages before they are delivered (see Table
6-16). E-mail also produces a concrete artifact of the communications in the actual email messages that are sent. Having concrete conversational artifacts makes the rationale
and criteria emerging from scientific discourse explicit. It provides a history of
communications and a concrete target of reflection and analysis. The concrete artifacts
may also be indexed and searched. Another benefit is that it may encompass a large
number of students into the same conversation or collaboration, and it provides users
much control over with whom they collaborate and interact. Through its low fidelity, email also may compensate for racial and gender biases by hiding the physical details of
collaborators.
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Among its drawbacks, e-mail does not support real-time, dynamic interaction, and
does not easily facilitate multiple, simultaneous conversations or interactions. Its low
fidelity does not provide students with a strong sense of presence and awareness of their
remote collaborators. It also provides a relatively slow input mechanism for conducting
discussions since all conversation has to be manually typed in and delivered.
In many ways, audio/video conferencing represents the complement of e-mail
with respect to its scientific discourse capabilities. It is spontaneous, dynamic, and
synchronous, which allows for real-time interaction and collaboration among students,
but does not support a more intermittent form of communications, requires that
collaborating students be simultaneously available and on-line, and does not give students
the opportunity to review and reflect on their vocalizations before they are delivered (see
Table 6-17).
Table 6-16. Email claims.
E-mail
Pros:
(p1) supports delayed, intermittent interaction (asynchronous)
(p2) collaborators need not be simultaneously on-line to
communicate because it is asynchronous
(p3) gives users time to compose and reflect on messages before
delivery because it is not spontaneous
(p4) makes rationale and criteria applied during collaboration
explicit
(p5) provides a persistent history of communications
(p6) can be used as a concrete, tangible target of reflection and
analysis
(p7) may be indexed and searched
(p8) can support communications for large groups
(p9) provides students full control over with whom they
collaborate and interact.
(p10) compensates for racial and gender biases by hiding
physical features

Cons:
(c1) does not support real-time interaction because it is
asynchronous
(c2) does not support multiple, simultaneous conversations
(c3) does not capture sense of presence
(c4) has slow means of input (keyboard)

Table 6-17. Audio/video conferencing claims.
Audio/Video Conferencing
Pros:
(p1) supports real-time interaction (synchronous)
(p2) provides fast means of input (audio/video)
(p3) captures presence to a high degree
(p4) transfers visual images

Cons:
(c1) does not support delayed, intermittent interaction (not
asynchronous)
(c2) collaborators must be simultaneously on-line to
communicate (synchronous)
(c3) does not give users time to compose and reflect on messages
before delivery
(c4) rationale and criteria applied during collaboration is not
documented
(c5) does not provide a persistent history of communications
(c6) does not provide a concrete, tangible target of reflection and
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analysis
(c7) is not easily indexed and searched
(c8) support communications for small groups
(c9) video may be superfluous and distracting if not relevant to
tasks at hand
(c10) does not support multiple, simultaneous conversations

Relying on human speech, audio/video conferencing is also fluid and transitory
with no concrete product. The lack of a tangible conversational artifact allows students
to easily and quickly contribute to the conversation, but provides no mechanisms for
capturing rationale and criteria during scientific discourse, capturing the history of a
conversation, providing a concrete target of reflection and analysis, or providing indexing
or searching capabilities. Audio/video conferencing is also intended to support a smaller
group size than e-mail. Its high fidelity video supports the transfer of higher-resolution
media and provides a greater sense of presence, but it may also provide superfluous
information and greater distraction if the passed visual images are not relevant to the
scientific task at hand. Furthermore, audio/video conferencing does not facilitate
multiple, simultaneous conversations.
As a CMC tool for scientific discourse, the text chat is a cross between e-mail and
audio/video conferencing in its features and capabilities (see Table 6-18). Like
audio/video conferencing, text chat provides a synchronous form of communications, and
thus, encapsulates the same synchronous benefits and drawbacks as we previously
described for audio/video conferencing. One difference, however, is that a text chat
requires the student to perform an action (hit a button or carriage return) before a
message is sent. Thus, unlike audio/video conferencing, students do have the ability to
review and reflect on their messages before they are delivered.
Table 6-18. Text chat claims.
Text Chat
Pros:
(p1) supports real-time interaction (synchronous)
(p2) gives users time to compose and reflect on messages before
delivery (message not delivered until a button or carriage return
is hit)
(p3) makes rationale and criteria applied during collaboration
explicit
(p4) provides a persistent history of communications
(p5) can be used as a concrete, tangible target of reflection and
analysis
(p6) may be indexed and searched

Cons:
(c1) does not support delayed, intermittent interaction (not
asynchronous)
(c2) collaborators must be simultaneously on-line to
communicate (synchronous)
(c3) has slow means of input (keyboard)
(c4) captures presence to a low degree
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(p7) may support communications for large groups
(p8) supports multiple, simultaneous conversations through
“whisper” feature
(p9) compensates for racial and gender biases by hiding physical
features

Like e-mail, text chat also produces a concrete artifact of the conversation, and
thus, possesses the advantages and disadvantages of having this tangible record. Another
positive consequence of text chat is that it may support a relatively large number of
collaborators. Some text chats may also support one-to-one private conversations with
specific remote collaborators through a “whisper” feature. Using whisper, students may
carry out multiple, simultaneous conversations. Furthermore, like e-mail, text chat’s low
fidelity may also compensate for racial and gender biases by hiding the physical details of
collaborators. The low fidelity also limits the sense of presence and awareness of remote
collaborators, although text chat provides a better sense than e-mail because of its realtime interaction.
6.3

Design Claims

As we designed new learning activities and educational software systems, we
continued to use claims as a way to analyze and document specific pedagogical and
system features. In this case, the claims did not emerge from direct observations of
activities or systems, but rather pertain to the capabilities and constraints of envisioned
features – conveying our expectations on how these features should function and behave.
In essence, these claims capture the design rationale for specific features.
To demonstrate, Table 6-19 lists the set of claims attached to the feature of group
project. The group project became a vital part of the learning activities that we designed.
Early learning activities focused on short-term experiments in which remote student
collaborators would meet and collaborate over the Internet over the course of one to a
few days. Over time, however, we came to believe that collaborative learning would be
best facilitated by a longer period of social grounding and interaction. This led to the
introduction of the group project as the basic framework for learning activities and
remote collaboration.
The design rationale for the group project is contained within the claims of Table
6-19. A positive consequence of the group project is that it provides an opportunity to
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negotiate roles and collaboration among students, which in turn, aids students in
developing collaborative and social skills. A project also aims to encapsulate the
scientific process. It is also consistent with the experiences of real-world scientists. Due
to its longer duration, the project supports longer-term collaboration among remote
students and invites the tackling of more complex research topics. On the downside, the
group project may create a heavy burden on available class time, and subsequently, very
challenging to organize and schedule during the school year.
Table 6-19. Group project claims.
Group Project
Pros:
(p1) provides opportunity for students to develop their
collaborative and social skills
(p2) provides opportunity to negotiate roles and collaboration
among students
(p3) projects encapsulates and illustrates the scientific process
(p4) resembles the experience of real-world scientists
(p5) encourages long-term collaboration
(p6) invites complex research topics

Cons:
(c1) may increase demands on class time
(c2) may be difficult to organize and schedule during school year

Another intriguing feature we incorporated into some learning activities was
mentoring. High school physics students were to tutor groups of middle school physical
science students on specific science lessons and experiments. This particular feature
would be enabled by collaborative technologies that would be used to link the middle and
high schools. Among the benefits of mentoring as shown in Table 6-20 are that it
requires high school students to recall and apply previously learned lessons and concepts,
and forces them to comb through the lesson material more thoroughly in anticipation of
the questions and problems of the middle school students. Mentoring also provides high
schools students a unique experience and an alternative learning approach where high
schools students learn through teaching others. From a social perspective, mentoring
allows middle and high school students to develop a unique working relationship. The
age difference may also allow middle and high school students to better relate to one
another much like siblings.
A drawback of mentoring is that tutees may suffer in their learning because the
mentor may be insufficiently trained or unfamiliar with the educational material and
tools, limited in his or her knowledge and application of instructional techniques, or
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simply not prepared to teach. The age difference may also create social difficulties such
as tutees exhibiting a lack of respect for their mentors. Mentor and tutee may be socially
too close to forge an effective mentoring relationship.
During our design activities, we also envisioned specific features of educational
tools and technologies. Software features were also analyzed and documented using
claims. For instance, one prominent software feature we heavily discussed was the
scientific simulation. Initially, teachers and developers considered simulations as
computer-based equivalences of physical experiments. The sentiment followed that since
physical experiments were such a prominent part of science learning, scientific
simulations would serve as effective substitutes for experiments. As we shall see later,
this view shifted over time as teachers and developers began to also analyze the attributes
and benefits of physical experiments. The eventual finding was that both physical
experiments and computer-based simulation had complementary attributes and
capabilities and they ought to be applied in combination during a lesson to facilitate a
broader range of learning.
Table 6-20. Mentoring claims.
Mentoring
Pros:
(p1) forces HS students to recall and apply previously-learned
physics concepts
(p2) forces mentor to know material more thoroughly

(p3) provides an interesting, unique experience to students
(p4) exercises learning approach of “learning through teaching”
(p5) establishes a unique relationship among MS and HS students
(MS students learn from HS students)

Cons:
(c1) mentors need training for and familiarization of instruction,
materials, and educational tools
(c2) mentors have limited range of instructional techniques.
They don’t necessarily know how to effectively lead MS students
to correct answers.
(c3) mentors may not be adequately prepared to instruct
(c4) social difficulties may arise between mentors and MS
students (e.g., lack of respect from MS students)
(c5) mentors and tutees may be too socially close to forge a
mentoring relationship (need significant age different between
mentors and tutees)

(p6) MS students may better relate to and have greater comfort
with HS students

Like a physical experiment, a scientific simulation is an artifact that is shared
among the members of a group. As a shared artifact, the scientific simulation provides
students the opportunity to practice and develop their collaboration skills (see Table
6-21). Part of these skills involve the negotiation of roles and interactions among
collaborators. Another benefit of scientific simulations is that they are replicable across
standard computers. Thus, multiple, concurrent executions of the same simulation are
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easily accommodated. Simulations also allow students to examine boundary conditions
that may not be testable or too dangerous to test on physical apparatus. Computers may
also support rapid data collection as scientific data and results are directly generated from
the simulations. Finally, simulations may provide useful and convenient abstractions of
real-world phenomena to aid in the comprehension of scientific concepts.
A potential disadvantage of scientific simulations is that they may favor
computer-savvy students. In fact, we observed that computer-savvy students will often
take control over the simulation and its associated lesson when given the opportunity.
Another drawback of scientific simulations is that if multiple copies are executed across
remote computers, the level of collaboration is reduced across remote collaborators. In
such circumstances, local, co-located groups of students will often conduct experiments
using their local copies of the simulation and only superficially interact with their remote
collaborators.
Table 6-21. Scientific simulation claims.
Scientific Simulation
Pros:
(p1) provides opportunity for students to develop their
collaboration skills
(p2) provides opportunity to negotiate roles and collaboration
among students
(p3) is a replicable resource that may be spawned on any
computer
(p4) allows multiple, concurrent executions
(p5) allows students to test boundary conditions that cannot be
reproduced or are too dangerous to apply in physical experiments
(p6) support rapid data collection compared to physical
experiment
(p7) provides useful abstractions to illustrate real-world
phenomena

Cons:
(c1) may give computer-savvy students an advantage in learning
the concepts
(c2) computer-savvy students may take over control of a
simulation and its associated lesson because they feel more
comfortable in working with the computer
(c3) reduces level of collaboration if separate simulations are
executed on individual machines

Another specific software feature was the online research outline, which was
envisioned as part of a fully-functional electronic laboratory notebook. This outline tool
was designed to allow students to collaboratively define the organization and subtopics of
their research topic. It would serve as an index for a research project with active links
into the individual sections.
As shown in Table 6-22, some benefits of the online research outline tool are that
it provides a way for students to organize and structure their design process and practice
essential experimental design skills. It also facilitates the evolution of the experimental
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design over time. As an access mechanism to the different sections of the project, the
outline tool also provides a method for partitioning and assigning work among group
members and allows different group members to work independently on different
sections of the project and laboratory notebook.
6.4

Claims Evolution during Activity Design

Claims provided an effective mechanism for teachers and developers to document
and recall their analyses of the pedagogical attributes of the science classroom and the
educational capabilities of collaborative technologies. Claims, however, represented
more than static representations of past analyses but rather conveyed the dynamic
analysis and design rationale that evolved during our development efforts. The set of
claims were continuously revisited and modified over time as further analysis, design,
and evaluation processes took place. This is consistent with one of our key participatory
design objectives, which was to ensure that the results of our analyses were practicably
filtered down to and applied in activity and system design.
Table 6-22. Online research outline tool claims.
Online Research Outline Tool
Pros:

Cons:

(p1) practices essential experimental design skills

(c1) student designs might be insufficient or inadequate to carry
out project
(c2) requires a certain amount of synchronous coordination for
design to be effective

(p2) organizes and structures the design process
(p3) promotes the evolution of the research design over time
(p4) provides a method of partitioning and assigning work among
group members
(p5) allows students to work independently on different parts of
the research

We used our established set of claims to guide and validate the design of new
educational activities and systems. As we developed new scenarios of collaborative
learning activities, we would identify those related claims that were relevant to the new
scenarios (see Section 7.4). We would use these claims to guide our design efforts,
where we would seek to support the positive attributes of the learning activities while
mitigating the negative ones based on our collected understanding and analysis of the
current practice. In essence, the claims would link our activity design efforts back to our
original analysis of the existing classroom and pedagogy. In turn, the claims also
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transformed in light of emerging requirements and constraints revealed during continued
analysis and design.
To illustrate claim application and evolution during activity design, we may
revisit some of our earlier claims. Table 6-23 presents a set of annotated claims for the
science journal that we used to guide and verify the design of the electronic laboratory
notebook. To the teachers and developers, the electronic laboratory notebook was
viewed as a computer-based version of the science journal. It was to serve as a general
documentation tool to capture scientific notes, procedures, data, and other information.
Given the analogy between the electronic laboratory notebook and it’s natural, paperbased form, we referred back to the science journal claims as a way to ground our
laboratory notebook design efforts on our analysis and understanding of how science
journals were traditionally employed in the science classroom.
Table 6-23. Annotated science journal claims.
Science Journal
Pros:
(p1) reflects real-world science skills (-)
(p2) consistent with real-world tools that scientists apply (-)
(p3) aids students in integrating information and knowledge (+)
(p4) practices student literacy skills (+)
(p5) collects anecdotal information (+)
(p6) provides cumulative record of history/progress (+)
(p7) may be used as a reflection/study tool whereby students may
review previous lessons and previously collected information (+)
(p8) gives teacher valuable information beyond the curriculum
(i.e., conveys student progress, struggles, personality) (+)
(p9) provides a private communications link between teacher and
student (-)
(p10) tangible and ownable (-)
(p11) accessible, portable, easy-to-use by hand (-)
(p12) seems private and personal (promotes expression of
thought) (-)

Cons:
(c1) grows unwieldy over time (-)
(c2) indexing and searching of contents may be difficult (-)
(c3) is difficult and cumbersome for teachers to review and grade
(+/-)
(c4) delays feedback to student (students want immediate
feedback) (-)
(c5) many students simply do not use feedback given by teacher
in lab notebook (+/-)
(c6) requires the student to write by hand (-)
(c7) required time and effort to complete may lead students to
minimize their use and input into the journal (-)
(c8) physical form has physical limitation (i.e., size of journal
page, sequential pages, etc.) (-)
(c9) requires physical presence of journal (-}
(c10) cannot be simultaneously used by different students (-)

In examining the science journal claims from the perspective of designing the
electronic laboratory notebook, we would review each of the science journal claims and
determine whether the envisioned electronic laboratory notebook would accentuate, not
affect, or negate each of the individual claims. As shown in Table 6-23, each science
journal claim is followed by a mark that would indicate whether the claim was supported
(+), unaffected (+/-) or unsupported (-) in the design of the electronic laboratory
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notebook. In applying claims analysis in design, the general goal would be to support as
many positive claims as possible and to negate as many negative claims as possible.
The electronic laboratory notebook was viewed as an enhancement to the science
journal because it allowed students to rapidly construct entries by typing and
manipulating electronic multimedia objects, better organize their research through the use
of sections, tabs, and other management features, and better navigate their collected data
through embedded search and query functions. In general, the electronic laboratory
notebook was seen as an enhanced mechanism for the organization and management of
scientific data, and thus, would provide better access and improved usage over physical
science journals. Referring back to Table 6-1, these general electronic notebook features
translate into the accentuation of associated positive science journal claims such as aiding
students in integrating knowledge (p3), practicing literacy skills (p4), collecting anecdotal
information (p5), accumulating record of history (p6), supporting review and reflection of
collected information (p7), and providing teachers additional personal information on
their students (p8). These features would also lessen or negate certain negative science
journal claims such as growing unwieldiness (c1), difficult searching and indexing (c2),
delayed feedback to students (c4), manual labor in writing (c6), reluctance in use due to
required effort (c7), and limitations of physical form (c8).
For other claims, the electronic notebook was seen to have no or muted effects.
For instance, students who ignore the feedback they receive from their teachers in their
science journal will likely do the same with an electronic notebook (c5). In addition,
teachers who find the paper-based form of the science journal cumbersome to review and
grade may also find the electronic notebook cumbersome in a different way if they are
not comfortable with and adept at using computer applications (c3). Finally, some
positive science journal claims are adversely affected by the electronic notebook. For
instance, electronic laboratory notebooks to date have had very limited acceptance and
use within scientific fields, and thus fail to reflect real-world science skills (p1) and
technologies (p2).
The direct comparison between the science journal and the electronic notebook
provides a context for investigating and developing additional claims (shown in italics in
Table 6-23). For instance, the teachers emphasized that the physical concrete nature of
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the science journal had specific positive implications such as they were tangible and
“ownable” to students (p10), simple to use (p11), and considered a personal medium
where students are free to express themselves without outside judgment (p12). These
attributes are essentially not available in the electronic notebook. Additional negative
claims focused on the difficulties in sharing physical science journals. Specifically, a
science journal must be physically present before it may be used (c9) and it cannot
simultaneously be used by multiple students (c10). These collaborative attributes are
negative claims of the science journal that are negated in the design of the electronic
notebook. The addition of new science journal claims demonstrates the continued
evolution of claims throughout the design process – with the claims serving as a
continued and persistent source of analysis and reflection.
In another example of the application of claims, we may examine the design of
the computer-based science simulation. Computer-based science simulations were a
topic of great interest and deliberation on the LiNC project. The LiNC project designed
and/or developed a number of physics-based simulations including the block and place
simulation for exploring gravity and friction principles and the electric circuit simulation
for designing and testing electric circuit systems. LiNC team members deliberated
exhaustively on what attributes science simulations should bear.
The similarity of the science simulation to the physical laboratory experiment led
us to revisit our claims analysis of the physical experiment. We evaluated the various
attributes of the physical experiment to determine which capabilities and features we
could duplicate or extend in a simulation and which deficiencies we could eliminate or
diminish. In our design efforts, we focused on the physical, hands-on nature of science
experiments. The ability to sense scientific phenomena through physical interactions was
an important feature we elaborated and analyzed in our earlier claims analysis.
In revisiting the hands-on experiment claims in the context of designing science
simulations, we came to realize how woefully inadequate simulations were with respect
to providing this important physical interaction. As shown in Table 6-24, the science
simulation may cause scientific concepts to seem less concrete to students due to the lack
of physical interaction (p2) and may hamper the student’s ability to link scientific
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concepts to the real-world (p5). Simulations are not as familiar to students as physical
experiments (p1) and are not consistent with real-world scientific practices (p3).
Physical experiments also present a variety of limitations and constraints
associated with the use of physical equipment. The elimination of laboratory equipment
through the use of science simulations alleviate many of the problems associated with the
physical nature of experiments, such as mechanically-inclined students having a greater
advantage in learning the scientific concepts (c1) and assuming control of the simulation
(c2), students becoming bogged down in the assembly of equipment (c3), requiring
experiments to be confined to the physical limitations of the equipment (c4), inability to
test boundary experimental conditions (c5), and the potential distraction that equipment
may pose when students spend more time fiddling with the equipment rather than
investigating the scientific concepts that the experiment beholds (c6).
Table 6-24. Annotated physical, hands-on experiment claims.
Physical, Hands-On Experiment
Pros:
(p1) is familiar to the student because the students are used to
hands-on experiments in science classes (-)
(p2) makes the science concepts under study seem more concrete
since the student can physically interact with the concepts via the
experiment apparatus (-)
(p3) consistent with real-world experience that scientists go
through (-)
(p4) provides opportunity to negotiate roles and collaboration
among students (+/-)
(p5) provides opportunity for students to develop their
collaboration skills (+/-)
(p6) students are able to relate physical concepts to the realworld (-)
(p7) physical experience and interaction with equipment and
materials provide another “channel” for learning (supporting
multiple learning modalities) (+/-)

Cons:
(c1) may give mechanically-inclined students an advantage in
learning the concepts (-)
(c2) mechanical included students may take over control of an
experiment and its associated lesson because they feel more
comfortable in working with the equipment (-)
(c3) may become bogged down in assembly and operation of
physical equipment (-)
(c4) held to the constraints and limitations of the equipment (-)
(c5) may be limited in ability to evaluate boundary conditions (-)
(c6) a hands-on experiment cannot be shared among students
from classes at different schools (-)
(c7) Physical equipment may distract students from focusing on
the immediate scientific concepts behind the experiment (-)

With respect to providing opportunity for students to collaborate (p4) and develop
collaboration skills (p5), we expected that the simulation would provide comparable
opportunities for students to collaborate, but the collaboration would be more of a
conceptual and less of a physical nature. In addition, the science simulation would also
allow students from separate classrooms and schools to collaborate on the same
experiments (c4).
As we described, our final analysis of science simulations found that simulations
do not provide the desired qualities and experiences stemming from physical interactions
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with laboratory equipment, but also that simulations alleviate many of the constraints that
are associated with the use of physical equipment. In general, teachers saw great
educational value in hands-on experience with physical phenomena, and they believed
that these kinds of physical interactions were only possible through physical experiments.
This rationale adjusted our thinking of science simulations from one of replacing physical
experiments to one of complementing them. As expressed in claim p7, we began to view
both physical experiments and simulations as providing different modalities for teaching
and learning science – each with different capabilities and deficiencies, but together
providing a broader range of learning. As a result, the design of new classroom activities
and lessons that incorporated the use of simulations always included a complementary
activity involving a related physical experiment.
6.5

Claims Evolution during Evaluation

Claims encapsulate our conceptual view, understanding, and expectations of
designed pedagogical and technological features. As we field designed learning activities
and educational tools in the classroom, we may use claims to evaluate their validity. We
wish to determine whether the features function as intended in their design and to identify
other consequences that were previously unforeseen. Such an evaluation would then lead
to further refinement of the features as we iterate in design and development.
The source of the evaluation came in the form of videotaped classroom activities.
We videotaped students as they carried out newly-designed learning activities using
newly-designed educational tools. Critical excerpts from the videotape were then
extracted from the videotape and presented to teachers, students, and designers for
analysis. These excerpts contained critical incidences of students conducting or applying
specific features of the learning activity or educational tool for which we had previously
identified claims. Similar to how we re-analyzed claims during design, we would reevaluate each claim to determine whether it was prominent, absent, or indeterminate in
the classroom. We would also identify and associate new claims to features as they
emerged during evaluation.
For illustration, we revisit the design claims we developed for group projects (see
Table 6-19) to show how they were applied in evaluation. Table 6-25 shows the

212

evaluation results for the group project claims. As shown, the group project mostly
functioned as it was designed and expected as illustrated by the majority of (+)
annotations on the claims. The one positive claim that was not met based on our
observations was that computer-based projects were not consistent with the experiences
of real-world scientists, for most scientists still rely on managing and executing their
group projects on paper and/or physical notebooks (p4). With respect to the negative
claims, we should note that group projects conducted remotely are even more difficult to
organize and schedule because they require the synchronization of two separate classes
and curriculums (c2).
Table 6-25. Evaluated computer-based group project claims.
Computer-Based Group Project
Pros:
(p1) provides opportunity for students to develop their
collaborative and social skills (+)
(p2) provides opportunity to negotiate roles and collaboration
among students (+)
(p3) projects encapsulates and illustrates the scientific process
(+)
(p4) resembles the experience of real-world scientists (+/-)
(p5) encourages long-term collaboration (+)
(p6) invites complex research topics (+)
(p7) students enjoy group interaction and camaraderie (+)
(p8) provides for group validation of findings and results (+)

Cons:
(c1) may increase demands on class time (+)
(c2) may be difficult to organize and schedule during school year
(+)
(c3) provides more opportunity for students to “goof off”(+/-)
(c4) certain students may do most of the work and “carry” the
group (+)
(c5) difficult to schedule computer and collaboration times (+/-)

Evaluation also identifies additional claims that become apparent during our
observations or evaluation process. In the case of the group project, we found through
our observations and student interviews that students generally enjoyed the interaction
and the resultant camaraderie that emerged from the remote collaborative activities (p7).
We also found that the real-time sharing of the group project also better facilitated group
validation of project results (p8). Among new negative claims, we found that in some
cases, the independence and freedom that students enjoyed during the execution of a
project would be accompanied by “goofing off” among some of the project team
members (c3). In other cases, however, group members used their independence to assert
their control over the project and to push it forward. As with typical classroom projects,
we also found that certain students may take on the bulk of the work on the project while
others remain idle (c4). Finally, computer-based projects introduced many scheduling
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constraints with regard to providing access to computers and identifying collaboration
times where the periods of different classes overlap (c5).
As shown in Table 6-26, we found that most of our initial mentoring claims
remained intact. One positive claim that conveyed mixed results was the belief that
middle school students would be better able to relate to and have greater comfort with
high school students (p3). In many cases, the middle school students seemed to be at
ease with their high school mentors. On the other hand, some of the middle school
students questioned the skills and knowledge of the high school students and never were
able to achieve a level of comfort with their mentors.
Table 6-26. Evaluated mentoring claims.
Mentoring
Pros:
(p1) forces mentor to know material more thoroughly (+)

(p2) establishes a unique relationship among MS and HS students
(MS students learn from HS students) (+)
(p3) MS students may better relate to and have greater comfort
with HS students (+/-)
(p4) forces HS students to recall and apply previously-learned
physics concepts (+)
(p5) exercises learning approach of “learning through teaching”
(+)
(p6) provides an interesting, unique experience to students (+)
(p7) provides HS students greater insights and deeper
understanding into scientific concepts as they are forced to think
in simpler terms to convey those concepts to younger student (+)
(p8) one of the few times HS students are allowed to exercise
control and power while in class (+)

Cons:
(c1) mentors have limited range of instructional techniques.
They don’t necessarily know how to effectively lead MS students
to correct answers. (+/-)
(c2) mentors need training for and familiarization of instruction
and educational tools (+)
(c3) mentors and tutees may be too socially close to forge a
mentoring relationship (need significant age different between
mentors and tutees) (+/-)
(c4) social difficulties may arise between mentors and MS
students (e.g., lack of respect from MS students) (+)
(c5) the mentor may not be adequately prepared to instruct (+)
(c6) difficult for teachers to coordinate with respect to
equipment, time, and organization (+)
(c7) mentors tend to have less patience than teachers and give
the answers more readily rather than lead or guide the MS
students to the correct answers (+)
(c8) work may be distracted by flirting between MS girls and HS
boys (+)

Two of the original negative claims also produced mixed results. One negative
claim conveyed the expectation that high school students would not be able to effectively
mentor because of their inexperience with various instructional techniques (c1). Some of
our observations confirmed this view as we found some mentors were generally
unprepared, impatient, and/or frustrated in their efforts to teach their tutees. Other
mentors, however, seem to have an innate ability to communicate and guide younger
students. When queried about their mentoring abilities, these students mentioned that
they generally understood the thinking processes of their tutees because they currently
reason or once reasoned in a similar fashion.
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The other mixed negative claim was the view that middle and high school
students were too socially close to establish effective mentoring relationships (c3). This
negative consequence did occur in some cases as some tutees held little trust and respect
for their mentors. In certain arrangements, social flirting also occurred between high
school male students and middle school female students, which distracted groups from
their learning objectives. Conversely, we also found that the close social distance
between mentors and tutees had specific educational benefits in that some high school
students could better relate to their middle school tutees and were able to guide their
tutees along much like surrogate big brothers and sisters. In such cases, mentor and
tutees were able to develop a significant level of trust and compatibility.
In our evaluation, we also unveiled a number of new claims. Among the positive
claims, we found that mentoring required high school students to break down scientific
concepts into simpler terms, which in turn, led to a deeper understanding of the concepts
(p7). Mentoring also gave the high school students the unique opportunity to exercise
control and power in class - leading to an exhilarating and refreshing experience for
mentors (p8). Among the negative claims, the mentoring activity required a tremendous
amount of coordination with respect to class schedules and computer and laboratory
equipment (c6). We also found high school students to generally have less patience than
teachers, and more willing to simply blurt out answers as opposed to working with their
tutees to discover the answers (c7). Finally, the aforementioned occurrence of flirting
among high school male mentors and middle school female students would often distract
students from their learning objectives (c8).
In the evaluation of the scientific simulation, we again found that most of our
initial claims held true as shown in Table 6-27. The one positive claim that had been
muted was the expectation that scientific simulations would provide effective abstractions
of real-world phenomena (p7). We found, however, the abstraction was only as useful as
that developed and conveyed by the underlying simulation. Thus, the relevance of a
simulation to its associated real-world phenomenon depends solely on the design and
interface of the simulation. Some simulations may effectively convey its underlying
physical properties, while others may not. As for negative claims, the expectation that
more computer-savvy students would take over the simulation and its encompassing
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lesson (c1), and thus, be better positioned to learn the science concepts (c2) never
materialized. Instead, we found that most students had comparable levels of computer
experience and expertise. As a result, computers and simulations acted as a normalizing
force for learning among students.
In addition, a number of new scientific simulation claims emerged from our
evaluation. From the teachers’ push to use simulations in conjunction with physical
experiments, a new positive claim for simulations was they provide another channel of
learning that would complement other learning modalities (p8). Among the new negative
claims we observed was that students would often fail to see the mapping of simulations
features and concepts to real-world entities and phenomena (c4). The concepts conveyed
by the simulation often seemed foreign and abstract to students. In addition, since the
simulation only required a single computer user to operate, group members not in control
of the computer would sometimes take a “backseat” in the lesson and become inattentive
and uninterested (c5). In some cases, uninvolved group members may become totally
detached from the running of the simulation and move to conduct their own separate
work and investigations (c6).
Table 6-27. Evaluated scientific simulation claims.
Scientific Simulation
Pros:
(p1) provides opportunity for students to develop their
collaboration skills (+)
(p2) provides opportunity to negotiate roles and collaboration
among students (+)
(p3) is a replicable resource that may be spawned on any
computer (+)
(p4) allows multiple, concurrent executions (+)
(p5) allows students to test boundary conditions that cannot be
reproduced or are too dangerous to apply in physical experiments
(+)
(p6) support rapid data collection compared to physical
experiment (+)

Cons:
(c1) may give computer-savvy students an advantage in learning
the concepts (-)
(c2) computer-savvy students may take over control of a
simulation and its associated lesson because they feel more
comfortable in working with the computer (-)
(c3) reduces level of collaboration if separate simulations are
executed on individual machines (+)
(c4) mapping to real-world phenomena may not be obvious or
clear (+)
(c5) students not needed or included in the running of the
simulation may adopt a "back seat" attitude and expectation (+)
(c6) if communication/coordination is poor, collaborators may
end up "doing their own things." In this case, the use of the
simulation may not be productive and fail to satisfy the joint
objectives and goals of the group. (+)

(p7) provides useful abstractions to illustrate real-world
phenomena (+/-)
(p8) simulations provide another “channel” for learning
(provides multiple modalities for learning) (+)

Our evaluation of the science simulation was an analysis of a designed computer
artifact. The online research outline tool was another computer artifact we evaluated
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during classroom activities. For the most part, the outline tool conveyed its expected
consequences as shown in Table 6-28. A new positive claim was that the tool gave
students a greater sense of control and ownership over the project because it gave them
the opportunity to design its overall structure and manage its individual parts (p7). A
new negative claim was that a poor project design may hamper or thwart the successful
completion of a project (c1). Another negative claim was that the effective use of the
outline tool requires a certain amount of synchronous coordination to take place for
dynamic activities such as brainstorming and the synchronization of project tasks.
Table 6-28. Evaluated online research outline tool claims.
Online Research Outline Tool
Pros:
(p1) promotes the evolution of the research design over time (+)
(p2) organizes and structures the design process (+)

Cons:
(c1) student designs might be insufficient or inadequate to carry
out project (+)
(c2) requires a certain amount of synchronous coordination for
design to be effective (+)

(p3) provides a method of partitioning and assigning work among
group members (+)
(p4) allows students to work independently on different parts of
the research (+)
(p5) practices essential experimental design skills (+)
(p6) resembles the experience of real-world scientists (+)
(p7) gives students greater control and ownership of project (+)
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7

Scenario-Based Design
Like claims, scenarios were also key analysis and design representations within

our development approach and were extensively applied in analysis and design activities.
During the course of our case study, we developed over seventy scenarios. As presented
in this chapter, scenarios were developed and applied in many different forms to support
various analysis and design functions. They were used to convey ethnographic
observations, envision new learning activities, anticipate and describe potential student
issues and problems, provide step-by-step instructions towards executing specific lessons,
and supply task specifications used to validate designed or implemented software features
and prototypes. Through scenario applications such as these, we were able to experience,
test, and evaluate the full flexibility and power of scenarios as representations and tools
for system analysis and design.
7.1

Classroom Scenarios

From our data collection in the various science classrooms, a large quantity of
videotape observations of classroom activities was produced and archived.
Approximately eighty excerpts or episodes from the videotape archive were identified
and transcribed to support specific analysis activities such as ethnographic and claims
analysis. We called these transcribed excerpts “classroom scenarios.” The classroom
scenarios provided a concrete artifact that could be analyzed and annotated. They were
intended to cover a range of classroom activities and highlight important aspects of
learning and teaching. To a large degree, the classroom scenarios were targeted to
engage specific issues and interests that arose during analysis.
For instance, Figure 7-1 and Figure 7-2 presents two classroom scenarios of
students engaged in science experiments. The scenarios detail the interactions that occur
between group members at different stages of an experiment and are useful in comparing
and contrasting the different features and phases of collaboration that occur during
scientific investigations. Specifically, the “diagnosing a problem” scenario illustrates
students engaged in both procedural and analytical forms of collaboration as they carry
out the steps required to assembly experimental apparatus and to diagnose a problem
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encountered during experimental set-up. The scenario highlights the interaction and
collaboration among group members. In the “unfettered and guided exploration”
scenario, students participate in analytical and instructional forms of collaboration as
group members investigate the actions and movements of a slinky and are walked
through a scientific investigation by their teacher. The second scenario highlights the
interaction between teacher and students, and displays the discovery teaching approach
enacted by the teacher.
Scenario #4 - Diagnosing a Problem During Execution (The Ghost in the Machine)
Collectively, the group tries to diagnose a problem it encounters during a run of the experiment.
Dexter pushes the front car into the back car, the cars attach, and the attached cars slide to Godfrey’s end. Godfrey stops the cars at his
end. Matilda reads out ".1617." Dexter glances down at the display and notices that the display did not change when the cars moved
across the second photogate. He assumes that the sensors on the second photogate were too high above the picket fence as the cars
passed under. Dexter reacts, “It’s not reading. Lower it.” Dexter moves towards the second photogate apparently to lower it. Before
Dexter has a chance to lower the photogate, Godfrey objects, “What? It is reading. I see the red light going on.” Matilda confirms
Godfrey’s observation by saying, “I see the red light going on also.”
To check his hypothesis that the photogate sensors are too high, Dexter slides the front car underneath the second photogate to see
whether the glass plate and photogate sensors are aligned. Indeed, they are.
Godfrey theorizes that the photogates may not be properly connected. He says, “Are they not connected together?” No one responds
to Godfrey’s question.
Dexter wonders whether the display is working. He asks, “Are we not remembering it?”
Godfrey restates his particular concern as he asks, “Is the line connected?” Godfrey proceeds to inspect the cable emanating from the
second photogate. This time, Matilda responds to Godfrey’s question with a “Yeah.”
Dexter picks up the first photogate and inspects it thoroughly. He looks at the bottom of the photogate and then looks at the display.
He aims to test the working condition of the photogates. He resets the display and informs the group, "Here, I'm going to try it.
Ready?" Dexter slides his hand through the first photogate while he holds the photogate in his other hand. He then directs Matilda to
"now hit the other end." Matilda removes the back car from the rail and slides her hand through the second photogate. The display
appears to be in working order as it returns two numbers (i.e., each photogate returns a number). Dexter verifies that two numbers
were returned and says, “It read it.”
The group returns to executing more runs of the experiment.

Figure 7-1. Classroom scenario of high school students diagnosing a
problem with the experimental apparatus used in an inelastic collision
experiment.

The scenario in Figure 7-3 presents a different kind of learning activity in which
students develop and give oral presentations. Oral presentations exercise a different set
of skills (e.g., showmanship, speech, and organization) with different collaborative
attributes. In this scenario, the interaction occurs between group members and the rest of
the class. The collaboration is both presentational and instructional as presenters convey
information and findings to the teacher and the rest of the class and the teacher prods the
presenters along in their investigation and delivery.
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Scenario #BMS-2 - Unfettered and Guided Exploration (Taming the Wildebeest)
The teacher guides a group in its exploration of waves to some insightful conclusions.
Ms. Snodgrass walks over to the group. Both Bertha and Maude stop moving the slinky when Ms. Snodgrass walks up. When Maude
notices Ms. Snodgrass approaching, she looks down to the floor and then over to the poster. Ms. Snodgrass stands against the wall
and looks down at the slinky. Bertha begins moving her end of the slinky sideways. Maude then begins moving her end of the slinky
by lifting it and then snapping it to the floor. Maude then begins to move her end of the slinky sideways as well. She sways her end of
the slinky rapidly and then slowly.
Ms. Snodgrass looks towards Bertha’s end of the slinky. She notices that Bertha is holding the slinky stationary with one hand at
about one-and-a-half feet away from the end of the slinky. Bertha’s other hand grasps the end of the slinky. Seeing this unusual hold,
Ms. Snodgrass says, “Oh, you’re holding it still down there.” Ms. Snodgrass watches the waves move along the slinky for a moment
longer. Ms. Snodgrass then asks Bertha, “That little experiment there that you are doing, what do you see?” Bertha says, “ If you
touch it, it stops it from moving back.” Bertha explains that by holding the slinky at a point away from its end, waves that are sent
along the slinky terminate at the point of the hold rather than reflecting back in the opposite direction.
Continuing her inquiry, Ms. Snodgrass asks, “Why do you think that’s the case?” Bertha responds, “I don’t know,” and giggles.
Prodding Bertha to think about the wave interaction, Ms. Snodgrass asks, “Well, the wave is moving and ordinarily it would keep on
moving. But when you put your hand there, what is your hand doing?” While she talks, Ms. Snodgrass walks along the slinky
towards Bertha and points to the waves as they move from Maude to Bertha. In response to Ms. Snodgrass’ question, Bertha replies,
“Stopping it.”
Ms. Snodgrass is looking for a deeper analysis of the wave interaction from the group. She wants the group to recognize that energy is
transmitted via the waves and that when Bertha stops the waves with her hands, she does not simply terminate the physical form of the
waves but also the energy associated with the waves. Not getting the level of analysis for which she had hoped from the group, Ms.
Snodgrass proceeds with a different line of questioning. Ms. Snodgrass aims to guide the group towards a more analytical conclusion.
Ms. Snodgrass: Alright, let me ask this question. How do I know that a wave is moving through the slinky?
Maude: You can see it.
Ms. Snodgrass: I can see the wave. But what am I actually seeing?
Bertha: The coils moving.
Ms. Snodgrass: I’m seeing the coils moving. Are Maude’s coils actually moving from down there (pointing to Maude’s
end) to down there (pointing to Bertha’s end).
Bertha: I don't know.
Ms. Snodgrass: Are her coils physically moving, changing location from there (pointing to Maude’s end) to there
(pointing to Bertha’s end)?
Bertha: No.
Ms. Snodgrass: Then what’s moving?
Bertha: The slinky is.
At this point, Bueford enters into the conversation. Delighted to see Bueford’s interest, Ms. Snodgrass tries to involve Bueford more
into the discussion.
Bueford: It’s vibrating.
Ms. Snodgrass: It’s vibrating. Ok, talk to me, Bueford, about what’s vibrating.
Bueford: When Maude starts shaking it, the coils start vibrating. When one coil starts vibrating, it makes the other coils
that touch it vibrate too.
Bertha: Like the domino effect.
Ms. Snodgrass: So the domino effect means what? One coil touches another coil.
Maude: One coil passes energy down to another coil.
Ms. Snodgrass: So, they're just transmitting their energy down.
Bertha: Down and all the way back.
Ms. Snodgrass: So, one coil is transmitting its energy to the next coil, then to the next coil. So what we’re seeing
transmitted, like Bueford said, is vibrations?
Bertha: I guess.
Ms. Snodgrass: So, that’s what we're really seeing moving is vibrations. Now what happens when you put your hand
there (pointing to the place where Bertha previously held the slinky)?
Bertha: It stops the vibration.
Ms. Snodgrass: Where do the vibrations go?
Bertha: Into my hand.
Finally getting the level of analysis for which she had hoped, Ms. Snodgrass gives Bertha a thumbs up.

Figure 7-2. Classroom scenario of middle school teacher assisting a
group of students in the scientific investigation of slinkies and
mechanical waves.
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Scenario #BMS-4 - The Presentation (The Sound of Silence)
The teacher guides a reluctant group through its presentation.
Initially, the members of the group stand facing the class with their poster behind them. Maynard and Lyman stand to the left of the
poster while Gertrude and Bernard stand to the right. Ms. Shay sits at a table with other students in the middle of the classroom.
Upon seeing the group’s poster, Ms. Shay comments, “It’s so interesting to see how differently you groups choose to draw your
waves.” Ms. Shay then directs the group to begin their presentation. She asks, “Okay, so, how about you tell us about your
observations?” The members of the group stand still and quiet in front of their poster. No one in the group speaks up. Prodding the
group, Ms. Shay says, “Okay, hello? C'mon, assertiveness should not be a problem with this group with the people I see standing up
there.” Silence among the group continues. Ms. Shay pleads, “Is anybody going first?” Gertrude and Maynard try to deflect the
responsibility of giving the presentation onto Lyman.
Gertrude:
Ms. Shay:
Maynard:
Gertrude:
Ms. Shay:

Yeah, but me and Maynard and Bernard were drawing and Lyman was telling us what to draw.
So you think Lyman should be doing the talking?
Uh hum.
Some of it.
Alright Lyman, jump right in there.

Maynard moves to the opposite side of the poster to join Gertrude and Bernard and leaves Lyman standing by himself on the left side
of the poster. The group returns to silence. Ms. Shay tries to help the group find a starting point for the presentation.
Ms. Shay: Talk to us about step one, that first wave.
Lyman: We observed that with a wave, especially a pulse wave, that you get sort of a compression and expansion effect.
When you give the slinky a push, the slinky compresses the wave, but when you bring the slinky back, the slinky sort of
expands the wave. So, you have compression and expansion going on.
Ms. Shay: Alright, compression and expansion. Good terms, I like that.
Lyman then pauses for a short while. He puts his hands in his pockets and looks up at the poster. Searching for something to say, he
utters, "Um,... Uh,..." The other three group members stand idly by looking at the poster as well. Attempting to progress the
presentation again, Ms. Shay gives the group another topic for discussion.
Ms. Shay: You have quite a bit more things up there to talk about. You got words to define certain things (referring to
terms written on the poster). Do you want to talk to us about your terminology?
Lyman: Okay, the wavelength is the distance from this compression (points to a compression area of the compressional
wave) to that compression (points to the adjacent compression area). And the same for this one, from here (points to a
trough of the top transverse wave) to here (points to the adjacent trough).
Ms. Shay: Except in the top picture, are you measuring compressions or are you measuring in a different way?
Lyman: You’re sort of measuring in a different way, because it bottoms out in a trough.
Ms. Shay: So in the top one, you’re measuring sort of the snakes or the s’s or the ups and down, the wavelength there
would be measured between, say, what and what?
Lyman: The bottoms of the troughs.
Ms. Shay: So perhaps the bottom of one and the bottom of the next.
Lyman: Yeah.
Ms. Shay: Whereas in the push waves, you are measuring the wavelengths between compressions?
Another member of the group finally enters into the discussion. The discussion continues.
Gertrude: Yeah, these are all close together (pointing to a compression area of the compressional wave) and these are all
close together (pointing to the adjacent compression area). The wavelength is how far they're apart.
Ms. Shay: Okay. Alright, what else?
Lyman: We named this the crest (points to the peak of the bottom transverse wave) and this the amplitude (points to a
vertical line emanating from the crest of the bottom transverse wave).
Ms. Shay: OK, what’s the amplitude?
Lyman: It’s the difference between the line of the crest (moves finger along the crest line of the bottom transverse wave)
and the inside of the curve (move finger along the inside of a curve of the bottom transverse wave).
Gertrude makes an analogy to radio frequencies.
Gertrude: And, isn't that one of the things, like, one of the numbers on the radio waves? You have an amplitude?
Lyman: That’s amplitude modulation.
Ms. Shay: Yes, it is.

Figure 7-3. Classroom scenario of a middle school teacher guiding a
group of students through an oral presentation on slinkies and
mechanical waves.
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From our observations, interviews, taxonomies, and themes, we extracted several
sets of scenarios for further analysis. The initial set of scenarios was extracted from the
following classroom activities (see Appendix C: Middle School Classroom Scenarios
and Appendix D: High School Classroom Scenarios for additional sample classroom
scenarios):
•

Inelastic collision lab: High school physics students perform physical
experiments using metal cars, photogate sensors, and a metal rail. From
assembly to data analysis, scenarios followed the various phases of the
experiment.

•

Waves lesson: Middle school science students performed various learning
activities on waves. Activities included class brainstorming and discussion, a
physical experiment involving slinkies, a demonstration involving tuning
forks, and student presentations.

Prior to participatory analysis sessions, teachers and developers received copies of
transcribed classroom scenarios. Participants were asked to review the scenarios and
identify objects, events, incidences, and interactions that were of interest and/or had an
effect on teaching or learning. To assist the participants, we provided examples of what
might be considered relevant in the scenarios such as specific interactions among
students, student behaviors, learning activities, equipment usage, problems encountered
during an experiment, novel experimentation strategies, physical aspects of the classroom
environment, cognitive aspects of the learning context, teaching styles, learning styles,
and lesson attributes. Participants marked up their copies in what we considered was an
informal form of ethnographic encoding. As participants distinguished various classroom
features, they were further asked to elaborate those features by identifying their positive
and negative consequences on learning and teaching. This amounted to conducting
claims analysis of which the results were fully described in the previous chapter.
The initial analysis of the classroom scenarios was important to participants for
several reasons. First, it allowed all participants to partake in ethnographic analysis as
they identified features and patterns from captured classroom activities. Second, it
provided participants the opportunity to digest the ethnographic data at their own
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convenience and pace. Finally, it allowed participants to undertake and exercise analysis
processes prior to entering into collaborative analysis sessions. This initial grounding
was particularly valuable to teachers, because the task of conducting work analysis was
totally new to them.
7.2

Envisionment Scenarios

On the LiNC project, we worked with teachers and students to envision a set of
computer-enhanced learning activities that incorporated CSCW tools. These learning
activities were developed over a series of eight separate design sessions during which
designers worked with teachers and students to develop envisionment scenarios.
Envisionment scenarios are detailed descriptions of learning activities written from the
perspective of teachers and students. Envisionment scenarios served as working
representations that evolved over time. They were developed to specify and elaborate the
specific steps of lessons, and to elucidate how those lessons would meet particular
teaching and learning objectives. The envisionment scenarios also defined learning
activities in the context of specific collaborative technologies – compelling us to think
critically about how collaborative systems would support curriculums, educational
objectives, teaching styles, and the classroom context.
To illustrate, Figure 7-4 presents a scenario centered on a freezing/melting point
experiment. The scenario is a shortened version of the original, which was developed by
the middle school teachers participating in the case study. In the scenario, middle school
physical science students were to conduct physical experiments locally in their
classrooms and then share analysis and results with other middle school students over the
Internet using computer-mediated communication tools. The scenario was written to
convey the general steps and activities that needed to be carried out to complete the
learning exercise. In addition, the scenario also addressed pragmatic and logistical
concerns such as scheduling across the two classes, sharing of limited computers, and the
collection of required materials, instruments, and computers tools. Furthermore, the
scenario describes how specific computer-mediated communication tools would be
applied to enable collaboration and analysis.
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Envisionment Scenario – Melting/Freezing Point Comparison Exercise
Students are to execute an experiment that examines the freezing and melting points of certain substances. The overall lesson is
covered over several days. The first day of the lesson is devoted to a lecture and a physical experiment. The following days of the
lesson will be devoted to group collaboration via computers. This lesson requires that pairs of students from each class are allotted a
certain amount of time on the computers. In order to accommodate computer time for both classes, the allotment of times will most
likely encompass several days. To make efficient use of time, the teachers may have their students work on other assignments in
parallel.
The equipment for the lab consists of a test tube containing some substance, a thermometer that sits in the test tube with one end
frozen in the substance, a water bath, an alcohol burner, a peg board, a clamp, and a stopwatch. Students are to position the test tube
vertically over the water bath with the peg board and clamp. The bottom of the test tube should be in the water of the water bath. The
alcohol burner should sit underneath the water bath.
After assembling the equipment, Samuel and Gertrude execute the experiment. Samuel lights the alcohol burner beneath the water
bath. As the water is heated, the substance in the test tube is also heated. Once the burner has been lit, Gertrude starts a stopwatch. As
she watches the stopwatch, Gertrude yells out “time” at 30 second intervals. Every time Gertrude yells “time”, Samuel glances at the
thermometer and yells out the current temperature of the substance. Both Gertrude and Samuel then write down the transpired time
and temperature on their individual worksheets.
···
After the first day of the lesson, Kathy and Suzan meet to define the pairs of groups who will be collaborating on the lab assignment.
The groups will be paired up such that the two groups had experimented with different substances - one group worked with moth balls
while the other worked with moth flakes.
Since each class does not have enough computers for all groups to be collaborating simultaneously, Kathy and Suzan must also
determine the times that each pair of groups meet to collaborate using the computers. Most likely, the collaboration schedule will take
place over several days.
At the beginning of the second day of the lesson, Kathy and Suzan explain to their classes that each group of students is to collaborate
with another group from the other school. The groups are to collaborate to determine which group had which substance and to answer
questions given on the lab assignment.
Next, Kathy and Suzan assign each group to a time slot during which the group uses a specific computer in the classroom. Each
computer is linked to another at the other school. By assigning groups to computers at specific times, Kathy and Suzan pair up groups
that they would like to have work together. The computers in each classroom support different communication mechanisms.
Depending on which computers a pair of collaborating groups are assigned, the groups are forced to communicate with one another
either via chat, audio, or video.
Before communicating with the other group at BMS, Samuel and Gertrude transfer their collected data onto two spreadsheets using a
spreadsheet program. One spreadsheet contains times and temperatures of the substance as it heats. The other contains times and
temperatures of the substance as it cools. Using the graphing functions of the spreadsheet, Samuel and Gertrude create graphs for each
of their data sets.
Gertrude sends a greeting to the collaborating group by saying “Hi” into the attached microphone of her headphones. A greeting is
returned from the other group. The two groups introduce themselves. The other group is comprised of Lawrence and Beatrice.
Through the audio link, the two groups discuss the data that each group has collected. Samuel shares the data that he and Gertrude
collected by cutting and pasting the data spreadsheets onto the whiteboard. He then cuts and pastes the two associated graphs onto the
whiteboard. Samuel describes the melting and freezing points of their substance over the audio link as he points to the graphs on the
whiteboard with his telepointer. Lawrence and Beatrice present their data and analysis in a similar way.
From a comparison of the data, the two groups see that the substance with which Lawrence and Beatrice worked had a higher melting
and freezing point than Samuel’s and Gertrude’s substance. Since moth flakes have a higher melting and freezing point than moth
balls, the two groups come to the conclusion that Samuel and Gertrude were given moth balls while Lawrence and Beatrice were given
moth flakes.
Furthermore, the two groups discuss the questions of the problem set appearing in the assignment sheet. The two groups discuss each
problem one at a time and derive solutions for each. At the end of their time slot, the two groups exchange goodbyes. Before leaving
the computer, Samuel and Gertrude each print out a copy of the whiteboard. Each student will incorporate the data and graphs
produced by the collaborating groups into his/her lab reports.
Samuel and Gertrude break off and work independently to complete individual lab reports of the lab assignment. For the lab report,
each student is to submit melting and freezing point data for both substances, graphs of time versus temperature for both substances,
and answers to the problem set in the assignment sheet.

Figure 7-4. Envisionment scenario for the melting/freezing point
comparison experiment.
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In the most general sense, CMC tools and collaborative systems allow people at
remote locations to communicate and collaborate. This function alone, however, was not
enough to warrant the incorporation of such technology into the classroom. The teachers
wanted to use collaborative technology only if it somehow improved the learning
experience over more conventional kinds of learning activities, or if it empowered
students to learn or work in ways not possible without the technology. The teachers
considered computer support for collaboration as simply another educational resource not a revolutionary teaching concept. They wanted to justify the cost of introducing and
using collaborative technology in their classrooms. This attitude is consistent with the
project’s general participatory design perspective, which views the role of computer
systems as basic tools that improve the capabilities and work of users (Floyd et al., 1989).
In the context of education, computer systems may be seen as educational technology
tools that extend the teaching capabilities of teachers and the learning capabilities of
students.
The teachers’ insistence on justifying the use of collaborative technology instilled
a strong, pragmatic viewpoint into the project’s design and development activities. An
illustration of this point may be found in our design of a computer-based block-and-plane
simulation. To teach the concept of friction, the teachers often employ an exercise using
wooden blocks of various shapes and an inclined wooden plane. On the LiNC project,
teachers and developers designed a computer-based version of this experiment. The
teachers, however, argued that the simulation should not replace the physical block-andplane set-up, but rather enhance, complement, or otherwise extend the normal situation.
The teachers saw great educational value in hands-on experience with physical
phenomena, and they refused to eliminate these kinds of physical interactions. In this
case, the teachers worked closely with simulation developers to ensure that the simulation
would provide some added educational value. The result was a simulation that
complemented the physical experiment by a) allowing tests of ideal conditions that are
difficult to attain in the physical world, b) enabling a greater variety and complexity of
conditions by minimizing physical set-up requirements, and c) simplifying and
automating data collection and analysis with computer-based tools.
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The teachers adopted this same pragmatic perspective in identifying educational
motivations for computer-mediated collaboration. They sought general uses of
collaborative technology that would be reasonable and effective, given their own teaching
styles and objectives. Table 7-1 describes the set of motivations derived by teachers.
These were used as the basis for a number of computer-mediated learning activities.
These diverse motivations reflect various relationships that are possible among students
collaborating across different classrooms.
In data pooling, equipment access, and asset sharing, the motivation for remote
collaboration stems from a lack of person or project resources at any one location. Thus,
the collaboration is aimed at the sharing of scarce resources (Bikson and Eveland, 1990).
A consequence of resource sharing is that collaborators may take on specific roles. If one
party has all the resources, the relationship becomes one of producer-consumer.
Unfortunately, the producer may gain little or no benefit from the collaboration, and thus,
may not be sufficiently motivated to participate. In the case where both parties have
resources to share, a symbiotic relationship would be expected. The two remote parties
depend on one another to complete the experiment or project. Without the remote
collaboration, the individual parties cannot carry out the work. Both parties are
motivated to work together and want the collaboration to be successful. This is an
optimal condition for remote collaboration.
Interest pooling is another example of resource sharing, though not of physical
resources. By allowing students to organize into groups over the computer network, we
are able to expand the (virtual) class size. Under this arrangement, remote collaborators
become peers. For students participating on independent projects, the unlimited class
size supports a greater infusion of topics and interests. As a result, a student is more
likely to find a topic and collaborators that closely match her specific interests.
The motivations for remote collaboration we have discussed thus far effectively
homogenize disparate classes by providing equal access to students, data, equipment, and
other educational resources. In contrast, mentoring and physical environment sharing
leverage off differences in class compositions and settings. In the case of mentoring,
older students are matched with younger ones to establish tutor-tutee relationships. Both
sides are expected to gain from the collaboration – tutors gain a more comprehensive
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understanding of the material they teach as they learn through a process of teaching
(Goodlad and Hirst, 1989; Hedin, 1987; Wood et al., 1995), while tutees receive more
personalized instruction and attention in their learning pursuits.
Physical environment sharing also depends on the physical separation of
collaborators, and it is most effective when the external environments of the remote
locations vary in their physical features. Collaborators work to compare and contrast one
another’s local surroundings.
Over time, the set of general motivations described in Table 7-1 were
“operationalized” as a series of detailed, concrete lessons. In participatory design
sessions, teachers and developers constructed collaborative learning activities that were
based on this set of motivations. Synopses of these collaborative learning activities are
presented in Table 7-2. The melting/freezing point comparison, giant pendulum, and
block-and-plane simulation data pooling activities are versions of non-computer-based
learning activities that teachers had deployed in previous years. In these cases, the
original learning activities were extended to include computer-mediated collaboration.
The remaining lessons represent new learning opportunities that only became possible
with the introduction of collaborative technology into the classroom.
Table 7-1. Motivations for employing remote collaboration in the science classroom.
Motivations for Remote Collaboration
Data pooling - remote students collaborate on the collection of data in the case where the amount of data required to be collected is too
great for any one class.
Equipment access - remote students collaborate on running experiments in the case where one school has access to unique laboratory
equipment that other schools do not have.
Asset sharing - remote students collaborate on running experiments or working on projects in the case where one or more schools lack
adequate physical assets to carry out the experiment or project.
Interests pooling - where students are given the freedom to select science topics to explore (e.g., group projects), classes collaborate to
enlarge the student pool to allow more tailored groups to be formed along common interests.
Mentoring - professionals, experts, and advanced students mentor inexperienced students on various science topics and activities. For
example, high school physics students may mentor middle school physical science students on science topics that the high school
students have already covered in class.
Physical environment sharing - each school is situated in a unique physical environment, which may be shared and compared to that of
other schools. Remote students may perform comparative experiments as a way to identify similarities and differences in their local
environments.

We should note that the melting/freezing point comparison and block-and-plane
simulation data pooling activities were a bit contrived in the sense that computermediated collaboration was not strictly required. Groups from the same classroom could
collaborate to achieve the same results. Nevertheless, the teachers developed and carried
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out these activities as remote collaborations because they understood how the activities
could generalize to other, more demanding situations. For example, a simulation of
greater complexity than the block-and-plane simulation might produce data that is too
great or complex for a single class to analyze. Similarly, the number of substances tested
in the melting/freezing point experiment could have been larger than the number of
groups in any one class. In both of these situations, the designed learning activity would
be able to support the extended case with no or minor modifications.
Table 7-2. Envisioned learning activities that incorporate remote collaboration.
Envisionment Scenarios
Melting/freezing point comparison - remote students collaborate to compare findings from a melting/freezing point experiment. For
this activity, groups of students are formed within each class. Each group is given an unknown substance on which the group is to
determine the melting and freezing points. After the physical experiments have been performed, each group is paired with another group
from another class. Through remote collaboration, the paired groups are to compare their experimental data and findings to predict the
actual substance each group was given. Remote students communicate using either text chat, synchronous audio, or audio/video
conferencing, and share data using an electronic whiteboard.
Giant pendulum - remote students participate in experiments involving a giant pendulum. One of the teachers in our study has access
to a twenty-foot tall pendulum apparatus and a high workshop bay in which the pendulum may be swung. A sensor may be attached to
the pendulum to produce velocity and acceleration data. Through remote collaboration, distant students may participate in pendulum
experiments and receive sensor data. Remote students communicate using video conferencing and share data using an electronic
whiteboard.
Block-and-plane simulation data pooling - remote students collaborate on the collection of data from a computer-based block-andplane simulation. For this activity, groups of students are formed across two different schools. Each group is required to run the
simulation under a variety of different conditions or parameters, and to graph their results. By partitioning the group into two subgroups,
the collective group may make twice the number of runs and collect twice the amount of data. Remote students communicate using
video conferencing and share data using an electronic whiteboard.
Block-and-plane simulation mentoring - high school students mentor middle school students in the execution of a block and plane
simulation. Having used the simulation in a previous activity, the high school students should be familiar with the simulation and its
associated physics concepts. Through remote collaboration, the high school students instruct middle school students on the operation of
the simulation as well as the underlying force and motion principles inherent in the block-and-plane experiment. Remote students
communicate using video conferencing, share data using an electronic whiteboard, and post questions and answers to an on-line bulletin
board.
Force and motion mentoring - high school students guide middle school students in the execution of several intriguing force and
motion experiments. In this activity, six force and motion experiments are set up at six different stations in a middle school classroom.
At each station, a computer is available from which middle school students may communicate with particular high school students
assigned to that station. Through remote collaboration, the high school students instruct middle school students on the execution of the
experiments as well as in the understanding of underlying physics concepts inherent in the experiments. Remote students communicate
using video conferencing and share data using an electronic whiteboard.
Scientific ethics debate - teachers pose a set of scientific ethics questions for students to discuss. By posting these questions on a
bulletin board accessible to multiple schools, remote students may participate in an on-line debate along specific issues. Different issues
will likely spark the interests of different students.
Science fiction reading groups - remote students form into science fiction reading groups. The objective of a reading group is to study
the science projected in a science fiction book. Each group is required to research the relevant science concepts that are presented in the
book and to assess whether the science concepts are realistic and possible. Remote students communicate using e-mail and may post
reviews to an on-line bulletin board.
Ecology study - remote students compare ecological data and findings from their local environments. Students in different classes
collect environmental data from the local, physical surroundings of their schools. Various observations (e.g., wildlife and plant life) and
measurements (e.g., temperature, noise level, and pH level of local stream) may be taken. Through remote collaboration, students may
compare their local environments and make quality of life assessments. Remote students communicate using audio/video conferencing
and e-mail, and share data using an electronic whiteboard.
Long-term group projects - remote students collaborate on a long-term project. Groups form across various classes. Through remote
collaboration, group members negotiate a science topic, design the project, and carry out the research. By eliciting the participation of
multiple classes, a larger variety of topics would be generated and students would likely have greater success in finding topics that match
their interests.
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Because of time and schedule constraints, only a subset of the designed activities
was implemented in the classroom. Specifically, the melting/freezing point comparison,
giant pendulum, block and plane simulation data pooling, block and plane simulation
mentoring, force and motion mentoring, and long-term group project activities were
employed by teachers and carried out by students during the school year. These
implemented learning activities provided us opportunities to observe, study, and evaluate
the role, impact, and consequences of remote collaboration in the science classroom.
7.3

Diverse Scenario Usages

Thus far, we have presented two kinds of scenarios. In Section 7.1, we introduced
classroom scenarios, which are high-level transcribed excerpts of observed real-world
learning activities. We used these classroom scenarios as source for analysis. In Section
7.2, we introduced envisionment scenarios, which describes designed learning activities
that incorporate key collaborative technologies. We used these envisionment scenarios as
source for design. In addition to these two classes of scenarios, other kinds and
variations of scenarios were developed and deployed across our development efforts. In
this section, we describe the many additional uses of scenarios that we had discovered
and applied. Scenarios have different flavors that support many different functions and
analyses (Carroll, 1995). The diversity and prominence of scenarios on the LiNC project
attest to their importance as shared representations in our overall analysis and design
approach and efforts.
The significance of these other classes of scenarios is that they were created
primarily by teachers and software developers on the LiNC project that had little vested
interests in participatory methods and minimal human-computer interaction expertise.
The unsolicited application of scenarios was taken as a positive indication that teachers
and developers were buying into the scenario concept as an effective and useful approach
for analysis and design. Furthermore, it showed that teachers and developers were
seizing their evolving roles as designers. It also demonstrated that scenarios were
flexible and facile in their application and capable of supporting many different analysis
and design situations. All of these developments were desirable outcomes for the LiNC
project
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7.3.1

Student-Centered Scenarios

As we have previously described, teachers actively participated in the
development of envisionment scenarios. As presented in Section 7.2, most of these
envisionment scenarios appeared as process descriptions of learning activities written
from the perspective of the teachers’ pedagogical goals. Yet, as shepherds to students,
the teachers were often concerned about how their students would perceive of their
teaching approaches and lessons. As a result, teachers would sometimes develop
scenarios from the student’s point of view - anticipating the questions and concerns that
students may have of a particular lesson. The envisionment scenario of Figure 7-5 is one
such scenario focused on the student perspective.
The scenario describes the envisioned interaction among the teacher, local
students, and remote students during a collaborative experiment using the block and
plane simulation. It mimics the representative interactions and conversations that might
occur during the learning activity and its extensive use of quotes strives to better create
and visualize the envisioned context and environment. The scenario motivates the
learning activity through the description, “by posing an unstructured question and
supplying a rapidly repeatable simulation, Mr. Haley and Mrs. Schmidt expect to prompt
a fuller exercise in the scientific method.” It also anticipates potential questions students
might have regarding the learning activity such as “how many students to a group?” or
“how many pages does the report have to be?” Furthermore, the scenario highlight
difficulties, problems, and conflicts that may occur such as a slow response from remote
collaborators, struggle in determining the friction coefficient, and confusion over the
directions in the assignment.
Whereas other envisionment scenarios are applied in the design of new learning
activities, the student-centered scenario is focused on the deployment and fielding of the
learning activity in the classroom. Using the student-centered scenario, teachers
anticipate students’ questions and concerns and potential problems and conflicts that may
arise. These are common, practical issues that teachers confront and address in their
preparation and execution of a lesson.
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Student-Centered Scenario – Collaborative Block and Plane Exercise
Prior to attempting this work, students are provided direct instruction on a conceptual model of group work and specific skills
supportive of team efforts. A theoretical framework for analysis of inclined plane systems will be introduced prior to initiating the
scenario. Students will be introduced to the Block and Plane simulation’s user interface, whiteboard, text chat, and QuickTime video
operations immediately prior to using these. Criteria for assessment of written work should be announced prior to conducting this
exercise. The structure and objective of the assignment is to be discussed with students the day before they conduct it.
Each instructor will assign students at his/her site to a work cell. By assigning cells to specific computers, linked work groups will be
formed and selected communication resources allocated. Attention should be paid to the geometry of cells within the room to control
audio feedback and support researchers’ data collection.
By posing an unstructured question and supplying a rapidly repeatable simulation, Mr. Neidermeyer and Mr. Cheatham expect to
prompt a fuller exercise of the scientific method. Students must allocate tasks, refine the problem statement into testable hypotheses,
run experiments via simulation, analyze their results, reach a conclusion, and finally communicate their findings.
The following dialogue might take place after the assignment sheet is issued.
Billy: How are we gonna do this?
Teacher: We’ll get on the computers. Whoever gets system one will have the video camera and use this kind of
whiteboard. Whoever has two and three will use an electronic whiteboard and text chat software.
Jane: How many people to a group?
Teacher: Well, with three machines, we’ll have to have three. I’ll have some other work for those students who aren’t on
the computers.
Billy: How many pages does our report have to be?
Teacher: That depends on how long it takes you to explain what you find. You might spend a page and a half explaining
the relationships you discover but only three lines showing the quantitative stuff.
All the administrative aspects of the assignment eventually get resolved.
Teacher: Okay folks, your work cell assignments are on the board. Cell one- machine one, cell two - machine two, cell
three - machine three. Get started!
After some shuffling to get everyone positioned around his/her computer and decide who is typing, recording, and brainstorming, the
students start sending messages.
Richard (at keyboard): They’re not answering. Oh, here we go. Who’s Cindy?
Jean: I don’t know. I only know one person there, Jim Osgood.
Albert: Oh yeah, how’d you meet him?
Richard: Let’s get started. What do you want to try first?
Albert (who doesn’t have a formal job in the group): Let’s just jack up the angle until it slides.
Jean: Yeah, but we need to do it every five or ten degrees.
Richard: This thing only lets you change the height.
Jean: That’s okay; I’ll use my calculator to do the trig to get degrees. Set it to 12.5 first. Oh, you’d better tell them what
we’re doing.
Richard: Yeah. (Types in the text chat) - ‘We are moving the plan’s angle up by 10 deg until the block slides.’
Richard: All right.
Jean: 21 next.
Richard: Umm, right, ah there it goes!
Albert: Okay, so we know it’s between 12.5 and 21. Try something smaller. (Seeing a message from Cindy in the text
chat) - Hey, they say use 15.66!
Richard: Yeah, I see it. (Enters the new setting) – There, but it’s still sliding.
Jean: Cindy says they got it to just barely slide at 14.9. Try that, Rich.
Richard: (resets the simulation) – Okay, so it just starts at 14.9.
Albert: Yeah, but how do we get the coefficient from that?
Jean: they had a problem something like this on page 96 but it’s awfully long.
A sketch of the incline plane system develops in the whiteboard space. Then, a chat comment from Bart explains a simple formula for
M from the plane’s height and horizontal length.
Richard: Yeah, yeah, but that’s not what he asked us to find out about. (Types back directions to read the assignment
sheet) – We need to change some things around to figure out what’s important. Everybody knows it won’t slide until the
angle is steep enough!
After some cell discussion and coordination over the chat line, this team tries out various masses on the object while the remote cell
alters the object’s and the plane’s geometry. By cutting the data read out to the clipboard, Richard can paste it into a ClarisWorks
spreadsheet and soon has seven runs recorded. His graph convinces Albert that mass is directly related to when the object starts to
slide.

Figure 7-5. Student-centered scenario envisioning the teacher and local
and remote students collaborating on a block and plane simulation
exercise. Scenario is written from the perspective of students.
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7.3.2

Activity Outlines

Like student-centered scenarios, activity outlines are also practical scenarios that
assist in the deployment of envisioned learning activities. Unlike the narrative form of
other envisionment scenarios, however, activity outlines provide a list of student actions
that guide the execution of a specific lesson. In most cases, an activity outline evolves
from an envisionment scenario that was the product of design activity. The outline may
be seen as a reformulation and elaboration of the envisionment scenario down to the
details of concrete, quantifiable tasks and actions.
To illustrate, Figure 7-6 describes the key, high-level events to occur during a
force and motion mentoring activity that is to be carried out over the course of six days.
The scenario will take place at the two middle schools and two high schools involved on
the LiNC project with remote collaboration occurring between middle and high school
students. Due to the limited number of classroom computers, the scenario separates local
middle school students into two sections. One section will conduct computer-based
experiments using a block and plane simulation and collaborate with high school mentors
using collaborative tools. The other section will conduct a physical experiment using
matchbox cars and plastic ramps. After both the physical and simulated experiments
have been completed, students from both sections will organize into local groups to
compare and analyze their results and develop and give oral presentations.
Teachers applied this activity outline to prepare and execute the force and motion
mentoring activity. In preparation, teachers used the scenario to prepare the required
equipment and software tools, and to plan and schedule the specific agenda for each day
of the lesson. In execution, teachers used the scenario as a way to gauge the progress of
the lesson as it took place.
The scenario of Figure 7-6 is described at a high-level of detail. For this
particular learning activity, the following four detailed activity outline scenarios were
elaborated to describe representative in-depth interactions at key collaboration points of
the exercise (see Appendix E: Activity Outlines and Episodes for the full activity outline
and episode scenarios for the force and motion mentoring activity):
•

Episode 1: Mentors guide tutees with lab assignment
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•

Episode 2: Mentors construct instruction for tutees

•

Episode 3: Tutees learn force and motion concepts from mentors

•

Episode 4: Tutees produce a lab report

Figure 7-7 describes the first episode of the force and motion mentoring scenario
where two high school mentors guide two middle school tutees through the intricacies of
the assignment and the execution of the experiment. The level and detail of interaction in
this scenario are similar to that of the envisionment scenarios we presented in Section 7.2.
The activity outline and its associated episode scenarios tie the practical execution and
steps of a learning activity back to the design of its interactions. Thus, as we step through
an activity outline scenario as it is played out in the classroom, we never lose sight of the
collaborative interactions that the scenario was designed to evoke.
Both envisionment and activity outline scenarios typically describe a single path
of action and interaction. As these scenarios are developed, however, teachers and
designers discuss various variations in both the design of the learning activity and the use
of tools and artifacts. These design variations are important to capture for a number of
reasons. First, since different teachers have varied pedagogies and teaching styles and
diverse institutional, time, and resource affordances and constraints, a specific scenario
cannot optimally suit every possible teaching style and class context. Thus, teachers may
want to select from different activity design variations to best address the particular
nuances and needs of their classes. Second, teachers often recycle and refine lessons
from previous years or from other teachers and educational resources. Thus, documented
design variations may aid teachers in identifying possible paths of adaptation. Third,
design variations may serve as a source of comparison since they inherently enfold
tradeoffs among educational features and technological capabilities. In documenting
design variations, we may make these tradeoffs explicit such that teachers and designers
can conduct cost benefit analysis.
Approximately a dozen variations were developed for the force and motion
mentoring scenario and its associated episodes. Figure 7-8 presents three of the more
illustrative variations to the scenario. The first variation offers replacing audio/video
conferencing with either audio only or a text chat. Claims analysis is applied to examine
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Activity Outline - Force and Motion Mentoring Exercise
In this scenario, a fixed set of HS mentors will be assigned to work will all MS tutees throughout all class periods. For each MS class,
6-8 tutees in three local groups will be selected to participate in the mentoring activity. Each mentored group will be assigned to one
or two HS students. The rest of each MS class will be partitioned into group of two or three to conduct the physical force and motion
experiment using the matchbox cars and plastic ramp.
Day 0:
1.) HS mentors familiarize themselves with the operations of the simulation and supporting software.
Day 1:
2.) HS mentors and MS tutees meet for the first time over the computer using audio/video conferencing.
3.) HS mentors and MS tutees access an on-line lab assignment that the tutees are to complete. The lab assignment has a
table in which the tutees are to store the results from sets of runs of the simulations. Furthermore, the lab assignment has
questions pertaining to each set of runs as well as some integrating questions at the end.
4.) HS mentors guide their tutees over the operation of the simulation and the supporting software.
5.) HS mentors guide the MS tutees in completing the lab assignment.
6.) As the MS tutees work with the simulation, they put information, data, notes, and questions in their on-line journal.
7.) Non-mentored MS students run related physical experiments using matchbox cars, plastic ramps, and stopwatches.
Day 2:
8.) HS mentors prepare their instruction for the MS tutees. As part of this, each mentor pair defines a set of questions to
guide the learning of the MS students. Furthermore, the mentor pair defines a set of parameter configurations for the MS
tutees to investigate.
9.) MS teachers direct class discussion involving all MS students in which the class discusses concepts relevant to the
simulation and physical experiment.
10.) All MS students are given a mathematical problem set related to the simulation and physical experiment. The
students work on the problem set during class.
11.) MS tutees develop two questions to ask of their mentors that arise from class discussion or from the mathematical
problem set.
12.) MS tutees send their two questions to their mentors via e-mail.
13.) HS mentors answer tutees’ questions in return e-mail.
Day 3:
14.) HS mentors and MS tutees meet over the computer.
15.) HS mentors ask their tutees guiding questions and present the tutees with the predefined simulation configurations.
16.) During the mentoring session, HS mentors and MS tutees collaboratively construct on-line journal entry. HS mentors
places questions that arise in the journal. MS tutees put information, data, and notes in the on-line journal.
17.) Non-mentored MS students continue running physical simulations.
Day 4:
18.)
19.)
20.)
21.)
22.)

MS tutees complete unresolved questions in their on-line journals.
MS tutees construct individual lab reports from information maintained in their on-line journals.
MS tutees may send additional questions to their mentors via e-mail.
HS mentors answer tutees’ questions in return e-mail.
Non-mentored MS students construct lab reports from the physical experiments.

Day 5:
23.) MS groups are composed with students involved in both the physical experiment and the mentoring activity.
24.) Each MS group develops an oral presentation.
Day 6:
25.) Each MS group gives oral presentation to entire class.

Equipment / Tools / Supplies
•
Per non-computer MS group – 3 matchbox cars, plastic ramp, stopwatch, measuring tape, assignment handouts (1 per
student), mathematical problem set (1 per student)
•
Per computer MS group – computer workstation, block and plane simulation, audio/video conferencing tool, whiteboard, email, on-line lab assignment, on-line journal, mathematical problem set (1 per student)
•
Per HS mentoree – computer workstation, block and plane simulation, audio/video conferencing tool, whiteboard, e-mail,
on-line lab assignment, on-line journal
•
Oral presentation – poster paper, color markers

Figure 7-6. Activity outline scenario describing the steps of a force and
motion mentoring exercise to be carried out over six days.
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the positive and negative consequences of each individual communications mechanism.
Among the options shown, audio videoconferencing provides greater sense of presence,
but requires higher bandwidth, may produce a superfluous video image, and is degraded
by classroom noise. Audio only is less bandwidth-intensive than video, but is still
degraded by classroom noise. Text chat provides a written record of communications,
but is an extremely slow form of communications. This analysis conveys the tradeoffs
among three different technological solutions.
Episode 1: Mentors Guide Tutees with Lab Assignment
Bueford and Gabriella are two MS tutees paired up for the scenario. Sly and Agnes are two HS mentors assigned to Bueford and
Gabriella. In this episode, mentors guide the tutees through the execution of the block and plane simulation and help the tutees work
through their lab assignment.
1) Bueford and Gabriella call their mentors over the computer.
2) A connection between the mentors and the tutees is established as a video window pops up with a view of Sly and Agnes.
3) The two groups exchange greetings and introductions.
4) The MS tutees bring up the on-line lab assignment (which is seen by both the mentors and tutees). Both the mentors and tutees
read the on-line lab assignment.
5) The HS mentors guide the MS tutees in bringing up the LiNC physics learning environment, the block and plane simulation, and
the 2D graphing tool. The mentors describe the primary features of the software.
6) The HS mentors guide the MS tutees in setting up the parameters to the simulation. The mentors describe how the data table in
the lab assignment relates to the parameters of the simulation.
7) The HS mentors watch as the MS tutees run the simulation.
8) The HS mentors guide the MS tutees in collecting and interpreting the data.
9) MS tutees transfer data produced from the simulation into their on-line journal.
10) Mentors and tutees discuss the questions in the lab assignment.
11) During the course of the discussion, the MS tutees jot down notes in the on-line journal.
12) During the course of the discussion, the MS tutees ask questions concerning the simulation, software, and lab assignment.

Figure 7-7. Episode scenario describing the detailed interactions
between a high school mentor and middle school tutees in the execution
of a laboratory assignment involving a block and plane simulation.

The second variation poses an extension to the mentoring activity by having
middle school students tutor others after they have been mentored by high school
students. The prevailing view was that mentoring is beneficial to the tutor because it
requires him or her to digest, reformulate, and communicate scientific concepts and
content. The variation passes the mentoring benefits from high school to middle school
students. On the other hand, the variation may require too much class time, the
mentoring experience would only be available to a portion of the class, and the level of
required maturity may have yet to be reached by middle school students. This analysis
examines the tradeoffs of a new educational component to the learning activity.
The third variation compares an oral presentation with a Web presentation as the
final step of the exercise. Oral presentations supports the development of speech and
235

Variations to Force and Motion Mentoring Exercise
1) In step 2, the synchronous communications mechanism could be audio-only or text chat rather than audio/video conferencing.
Audio/Video Conferencing
Pros: Keeps students on task because of the greater sense of presence.
Is spontaneous.
Requires little time and effort for collaborators to communicate.
Cons: Students often ignore the video if it does not provide any information relevant to the task.
Adds and is affected by the noise in the classroom.
Does not maintain a history that can be easily reviewed and searched.
The video doesn’t offer any intrinsic value (video doe not convey information that is important to the
simulation or the analysis).
Requires high bandwidth
Audio-Only
Pros: Is spontaneous.
Requires little time and effort for collaborators to communicate.
Requires less bandwidth than video.
Cons: Adds and is affected by the noise in the classroom.
Does not maintain a history that can be easily reviewed and searched.
Text Chat
Pros:

Requires less bandwidth than audio and video.
Does not add nor is it affected by the noise in the classroom.
Maintains a history that can be easily reviewed and searched.
Cons: Is not spontaneous.
Requires time and effort for collaborators to communicate.

2) After being mentored, MS tutee could turn into a mentor for a group of MS students. If we have 6-8 mentored students, we
then could form 3-4 groups each consisting of 6-8 students.
Tutee Becomes Mentor
Pros:
A way to provide the mentoring experience to the entire class without requiring additional effort on the
part of the HS mentors.
Cons:
Requires more class time for activity.
Only portion of class will opportunity to mentor.
Middle school students may not be mature enough to function as mentors.
3) An alternative group end-product (steps 24 and 25) could be a web page presentation. Kathy talked about having her students
perform additional research to find real-world examples of forces and motion. Findings from the research could be organized
into a web page.
Oral Presentation
Pros:
Does not require computer access.
Oral presentational skills are important to build.
Cons:
Is not available to others outside of classroom.
A transient product.
Web Presentation
Pros:
Web publishing is a topic in the Standards of Learning (SOL).
Product is accessible to others outside of class.
A persistent product
Cons:
Increases demand on computer access.
Does not apply presentational skills.

Figure 7-8. Sample design variations to the force and motion mentoring
exercise.
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presentational skills in students, but the product of such presentations are neither concrete
nor accessible outside of the classroom. In contrast, Web presentations are saved and
accessible to the external world, but do not develop speech and presentational skills.
Addressing a more local concern, Web presentations satisfy a “standards of learning”
requirement for Web publishing imposed by the Virginia Commonwealth School Board.
For this variation, the tradeoff is between classroom-based and computer-based
alternatives.
A salient characteristic of the variations is that they concentrate on both
pedagogical and technological features. Variations allow teachers and designers to
evaluate “what if” hypotheses on the selection of collaboration and educational tools as
well as the pedagogical attributes of the learning activity. The use of claims in the
evaluation of alternatives facilitates the introduction of new educational and
technological features into learning activities and the assessment of their potential
impacts and consequences. Furthermore, the expanded application of claims further
demonstrates the broad applicability of claims as a versatile analysis and design
representation and claims analysis as a useful and effective participatory analysis and
design technique.
7.3.3

Prototype Demonstration

On the LiNC project, scenarios were also applied to demonstrate the functionality
of prototypes. For example, the demonstration scenario of Figure 7-9 walks through the
use of an early prototype of the Virtual School in the context of conducting a
collaborative exercise on friction. It was derived from earlier envisionment scenarios that
were developed around the block and plane simulation and involved the strong
participation of teachers. The scenario steps through specific features of the prototype
such as audio/video conferencing, electronic laboratory notebook, Web browser,
electronic calendar, block and plane simulation, electronic workbench, people finder, and
shared applications. The purpose of the scenario was to provide a concrete sense of the
prototype’s capabilities in the context of specific learning activities and situations.
The scenario of Figure 7-9 was presented to teachers by developers on the LiNC
project during a working session. The features of the prototype were in an early state of
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Prototype Demonstration Scenario Script – Collaborative Friction Exercise in the Virtual School
0. Setting. The Virtual School is running, students know how to use it, teachers set up
labs and assigned groups. Jenny, Jin, Bob, and Maynard comprise one group. Jenny and Jin are two students in the same class at AHS.
Bob and Maynard are in different classes at BHS. The group wants to work on a friction project that their teachers have assigned.
1. Jenny and Jin arrive at terminal, sit down, and start up the Virtual School.
2. The login screen pops up. Jenny enters Groupname "The Brainiacs" and her password and GO
3. The group screen pops up. Jenny clicks on her name and Jin's name as being present
4. Once logged in, the students see the group view, the notebook with top page and calendar, and the workbench
5. Jin and Jenny see that Bob is on and establish a video connection with him. Bob is displayed on a video window while Jin and
Jenny show up in a self-view window.
6. To begin the assignment, the students flip to the assignment page
7. They follow the steps of the assignment. First step is to read a Netscape article on Goodyear tires. They bring up the article.
8. The next step of the assignment is to run block and plane simulation to collect data. They bring up the block and plane simulation
and execute it.
9. Students review the graph and copy results into table of assignment
10. They return to B&P, reset angle, execute simulation, review graph and copy results into table of assignment
11. During the class period, the group is able to complete three of five runs of the simulation. A fourth student, Maynard, is going to
work on the group assignment later in the day since he is in later class. To let Maynard know were the group left off, Maynard
annotates the assignment page to identify the last set of parameters they ran.
12. Jin also leaves a message for Maynard describing the progress that the group has made. Jin logs on later in the day and completes
the final to runs of the simulation.
13. On the second day, the group has finished all runs of the simulation. The assignments asks the group to answer questions on the
Questions and Answers page. The students flip forward to the Questions page. The first question asks, “What is the relationship
between the angle of the slope and the velocity of the block?”
14. Students flip back to the assignment page to discuss and analyze the simulation results. From their data, they see that the greater
the angle of the slope, the higher the velocity of the block.
15. The group returns to the Questions and Answers page and types in an answer.
16. The second question asked, “What effects does mass have on friction?” The students test different masses using the simulation.
After running the simulation several times, Jin believes that mass has no effect on friction while Bob believes otherwise.
17. The students decide to seek help from another group. Jin brings up the search tool and checks who’s currently on-line. A long list
of students are currently on-line.
18. Jin decides to narrow the search a little more. He specifies additional match criteria by searching for just those students working
on the friction project. The group sees that John in Mrs. Jannason’s class in on-line and working on the friction project. John is
known as the resident egghead in Mrs. Jannason’s class.
19. Bob calls John. John answers. The group and John discuss the question. John convinces the group that mass increases friction
except for frictionless surfaces. John hangs up and the group proceeds to answer the question.
20. After working on the assignment for several days, the group reaches a point in the assignment where it is to construct a lab report.
The assignment page asks them to write a short report after executing the simulation and answering the questions. The group selects
the lab report tab of the notebook.
21. They log out from the system and leave.

Figure 7-9. Prototype demonstration scenario demonstrating the
execution of a collaborative friction exercise using an early prototype of
the Virtual School.
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development, but had enough capability to demonstrate specific learning tasks and
operations. The scenario was exercised in a training room equipped with computers and
projectors. During the session, teachers were encouraged to follow the scenario and
execute their local copies of the prototype. The objective of the session was to have
teachers validate the prototype against the initial designs and concepts that they had
originally produced and from which the prototype had sprung.
7.3.4

Implementation Scenarios

Implementation scenarios were used to guide and validate the development of
educational software and components. They highlight the key features of specific
applications and illustrate how those features were to interact with other applications and
be utilized by teachers and students. Prior to tool development, a set of implementation
scenarios was developed by designers and developers on the LiNC project. Later as the
actual software was being constructed, developers would recall the implementation
scenarios to verify that emerging software features conformed to their design
specifications as captured in the scenarios.
To illustrate, Figure 7-10 presents three implementation scenarios that were
applied as design representations in the development of the Virtual School. Each
scenario conveys design criteria for one or more specific features or components of the
Virtual School and was assigned to the developers who were responsible for the
implementation of those features or components. The first implementation scenario on
the individual electronic workbench describes how an electronic workbench is first
created through the electronic laboratory notebook by a student named Maynard. Once
the workbench is created, Maynard names the workbench, executes applications such as
Netscape, and captures textual information on the workbench. The scenario highlights
key capabilities such as the running of applications and the storage of text objects, and
key interactions among features such as the instantiation of workbenches through the
laboratory notebook.
The group text chat session implementation scenario emphasizes the collaborative
capabilities and operations of the text chat tool. In this scenario, Ethel logs into the
Virtual School and reviews the taskbar to identify the presence of other on-line group

239

members before bringing up the text chat tool. The taskbar contains avatars of group
members that are either colored or grayed out according to whether the corresponding
group member is on- or off-line. Ethel sees that Mertyl is on-line and initiates a text chat
session with her. Others enter into the text chat session as they log into the Virtual
School. The scenario describes the interaction between two Virtual School components
of the text chat and taskbar. It provides not only design criteria on the two components
but also the integration requirements between them.
The final implementation scenario illustrates a combination of synchronous and
asynchronous collaborative activities. It demonstrates how students may be involved in
simultaneous collaborations and how a set of Virtual School tools should work together
to accommodate students’ collaboration needs. In the scenario, Felicity initiates contact
with Stanley through an e-mail message. Later, while Felicity is in a collaborative text
chat session with other group members, Stanley attempts to respond to her initial contact
also through text chat. The Virtual School prompts Felicity to either allow Stanley to
enter into the group text chat session or to initiate a new private one-on-one text chat
session. Felicity selects the latter option, exits out of the group text chat session, and
enters into a private text chat session with Stanley.
Encapsulated in the last implementation scenario are various design decisions.
For instance, designers purposely limited the number of real-time collaboration channels
for any student to just one, because they believed that multiple open channels would be
difficult for students to manage and would only confuse them. Another design decision
was to provide restricted text chat channels as opposed to open ones that would be
accessible to all. This design decision was based on the observation that students interact
mainly in groups or in couples during learning activities, and designers wanted
collaboration tools to support these usual norms and behaviors.
As shown, implementation scenarios do not enumerate all possible functions of
specific features or components, but highlight key capabilities and interactions. On the
LiNC project, the design of a tool is represented by a combination of design artifacts
including implementation scenarios, full feature descriptions, and paper and computer
prototypes. The importance of the implementation scenarios is that they convey the
application of tools in a particular context, thus, reminding the developer of the
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environment in which the tools are to be placed and the users for which the tools are to
support.
Implementation Scenarios – Group Projects
Maynard and Ethel are middle school students at BMS. Felicity and Mertyl are middle school students at AMS. These four students
organize into a group to work on a project. They name their group, “The Brainiacs.”
Individual Workbench (Edward)
•
Maynard logs into the group workspace with groupname, “The Brainiacs,” and his personal password.
•
Maynard clicks on the “Open Notebook” task on the Virtual School taskbar and a file manager application appears. He selects
the “term project” notebook from the file manager.
•
One of Maynard’s tasks on the project is to perform research on the NASA space program. Maynard creates a new workbench
by clicking on the “create workbench” icon on the notebook taskbar. Maynard is prompted to name the workbench. He names the
workbench, “NASA (Maynard).”
•
Maynard begins his research by bringing up Netscape. Using the “excite” search engine, he searches for the term, “NASA.”
From the websites returned, he locates the site, “http: www.nasa.gov.” He goes to that site.
•
At the site, Maynard cuts and paste a text passage from Netscape to the workbench.
•
Having done enough work the day, Maynard closes his workbench and exits the Virtual School.
Group Text Chat Session (Fred, Samuel)
•
The entire group had agreed to meet on-line on a specific date and time to go over the group’s progress. Ethel is the first to log
into the Virtual School. She sees that no one else in her group is logged in because all the group member avatars on the taskbar are
grayed-out.
•
After a short while, Mertyl’s avatar on the taskbar changes from grayed-out to its normal color. Ethel notices that Mertyl has just
logged on.
•
Ethel clicks on the “Brainiacs” avatar on the Virtual School taskbar and selects the “talk via text chat” option from the pop-up
menu. A text chat window pops up on Ethel’s screen.
•
On Mertyl’s end, a dialogue box pops up asking, “A group chat session is starting up. Do you wish to enter into the
conversation?” Mertyl hits the “yes” button.
•
A text chat tool appears on Mertyl’s screen that links her into the current group conversation. Currently, Ethel is the only other
group member participating in the chat session.
•
Mertyl and Ethel hold a text-based conversation over the channel.
•
Later, Maynard and Felicity log into the Virtual School and enter into the discussion via text chat in a similar fashion.
E-mail and Switching Channels (Fred, Samuel)
•
While working independently on part of the project research, Felicity comes across several questions. She wishes to ask a friend
of hers at BMS these questions because she knows her friend can answer them. Her friend’s name is Stanley and he is not a member
of the Brainiacs group.
•
From the Virtual School taskbar, Felicity brings up the search tool and searches for students by class.
•
A class view pops up and Felicity locates Stanley in Ms. Mauney’s class, but Felicity sees that Stanley is currently off-line.
•
Felicity clicks on Stanley’s avatar and selects the “send e-mail” option from a pop-up menu.
•
An e-mail tool pops up on Felicity’s screen. She composes a message that consists of several physics questions and sends the
message to Stanley.
•
A few hours later, Felicity has entered into an on-line discussion with her group using text chat.
•
Stanley enters the Virtual School and reads Felicity e-mail. Rather than replying to the e-mail, Stanley elects to contact Felicity
directly using text chat. From the Virtual School taskbar, Stanley brings up the search tool and searches for students by class.
•
A class view pops up and Stanley locates Felicity in Ms. Bunn’s class and sees that Felicity is currently on-line.
•
Stanley clicks on Felicity’s avatar and selects the “talk via text chat” option from a pop-up menu.
•
A dialogue box pops up on Felicity’s screen that asks, “Stanley would like to talk with you through text chat. Do you wish to
talk to him?” The dialogue box gives Felicity the option of either bringing Stanley into the current group channel or creating a private
channel between just her and Stanley. Not wanting to bother her group with her specific troubles, she elects to create a private
channel.
•
From Stanley’s end, a text chat tool appears on Stanley’s screen that opens up a channel between him and Felicity.
•
Since Felicity can only have one channel open at a time, the channel with her group is closed and a new one is opened with
Stanley. The text chat window does not disappear, but rather the contents of the window updates to reflect the change in channels
(e.g., group members disappear, Stanley appears).
•
Felicity and Stanley discuss Felicity’s questions.

Figure 7-10. Sample implementation scenarios applied in the
development and validation of Virtual School features and components.
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7.4

Scenario and Claims Evolution

A general concern for most any iterative and incremental analysis and design
approach is that the evolutionary path be a “good” one, where the final result considers
all (or at least many) of the critical options and is not merely optimized for local concerns
along the way. Carroll and Rosson (1992) have argued that claims analysis addresses this
concern, in that it encourages “what if” reasoning throughout the analysis and design
process - guiding attention to the overall analysis and design space rather than a single
path through it. Our Progressive Design framework goes a step further. Not only do we
develop and evolve scenarios throughout the system development process, but we also
move through specific, identifiable stages (Chin and Rosson, 1998). We work through
multiple analysis and design states, with each state comprised of a particular class or set
of scenarios and claims. Sets of scenarios and claims are sometimes quite different from
one another, yet each plays a vital role in the overall evolution of the design.
In Chapter 6, we presented claims as individual units of analysis and/or design
rationale. In this chapter, we show that claims are more than static representations but
are actively applied with scenarios in the design of new learning activities and
educational tools. In general, scenarios and claims are applied in a complementary
fashion. Scenarios provide the educational context and activities from which claims are
extracted. Conversely, claims introduce new consequences and rationale that often lead
to the modification of existing scenarios or the formation of new ones. The intertwined
evolution of scenarios and claims is the focus of this section.
Features of the Virtual School evolved over time through an incremental analysis
and design process intrinsic to Progressive Design (Chin and Rosson, 1998). During the
course of incremental system development, teachers and designers continued to
collaborate on the construction of scenarios and claims to elicit and develop specific
learning activities to be deployed with the Virtual School in the classroom. A large body
of scenarios and claims were involved in the various analysis and design stages. The
construction of scenarios and claims along with paper prototypes and storyboards was
intended to flush out features of the collaborative learning environment as well as the
learning activities in which that environment was intended to support. As the design of
the Virtual School evolved, so did the design of the learning activities.
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Throughout analysis and design, the teachers’ conception of the Virtual School
was under continued refinement. Correspondingly, the scenarios and claims they
constructed reflected the teachers’ perceptions and views at particular points in the
evolving design. To illustrate how the learning activities evolved across the analysis and
design stages through the use of scenarios and claims, we examine the evolution of one
particular scenario and its set of claims in the following sections – highlighting the key
activity features under transition in each stage. The process presented below adds two
analysis stages in which we examine the current classroom context and the use of existing
educational technologies to the four design stages of Progressive Design that we
previously described in Section 4.2.4. Using real data and results from our case study,
the purpose of the following illustration is to demonstrate how scenarios and claims were
applied in our case study in a coherent, logical manner to incrementally evolve the design
of computer-based learning activities and educational software systems. Critical features
and claims that were directly applied in the transition across analysis and design stages
are highlighted in red.
7.4.1

Classroom Context

The starting set of scenarios and claims in our case study was a product of early
participatory analysis. The initial scenarios were snippets of classroom activities that
were transcribed from videotape, while the initial claims were produced during claims
analysis sessions with developers, teachers, and students. Thus, the initial use of
classroom scenarios and claims grounded the overall analysis and design process in the
context and practice of the classroom. Furthermore, the fact that classroom scenarios and
claims were analysis artifacts that were subsequently applied and transformed in design
illustrates the usefulness of scenarios and claims as universal structures that link analysis
to design.
Our selected evolutionary path begins with a classroom scenario of high school
physics students conducting a physical experiment on inelastic collisions. As presented
in Figure 7-11, the classroom scenario describes the mechanics of the inelastic collision
experiment and the general experimentation process that a group of high school student
carried out. Table 7-3 highlights a number of key claims that were generated from claims
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analysis of the classroom scenario. As shown, some claims focus on collaborative
aspects of scientific experimentation such as the joint execution of experiments, joint
interpretation and analysis of data, and partitioning of physical tasks required in the set
up and execution of a physical experiment. This focus on collaboration was an extension
of the LiNC project’s emphasis on collaborative technologies and learning. The two
other claims identify specific artifacts of the learning activity - the physical experiment
and the assignment handout. As we shall see, these two features (highlighted in red)
transformed and evolved over the course of analysis and design.
Classroom Scenario – Physical Inelastic Collision Experiment
Matilda, Dexter, Hildegarde, and Godfrey comprise a group in Mr. Neidermeyer’s high school physics class. The group performs a
physics experiment on inelastic collisions in which the group collides two miniature cars along a metal rail and measures the resulting
velocities of the cars after the collision. The velocities are measured using photogates positioned along the rail. The group determines
various properties of the inelastic collision by applying specific formulas to the measured results. An assignment sheet has been
provided to each student that contains a description of the experiment, experiment sheets for documenting resultant data, and a
problem set related to the experiment.
The group collaborates in the preparation and set up of the experiment. Hildegarde retrieves the two cars and weighs them to
determine their masses. Dexter and Godfrey work together to level the metal rail and to position the photogates.
Next, the group collaborates in the execution of the experiment. Dexter collides the two cars together, Matilda reads and announces
the velocity measurements from the photogate display, and Godfrey catches the two cars before they reflect back under the photogates.
As the velocity data is gathered, the group discusses the meaning of the data and it’s relevance to the concepts and equations of
inelastic collisions. Collectively, the group performs calculations using the collected data and documents their results on the
experiment worksheets that are parts of the assignment. Later, the group analyzes the results of the experiment and writes up answers
to the problem set.

Figure 7-11. Classroom scenario where high school physics students
conduct an inelastic collision experiment using a metal rail, two metal
cars, and photogate sensors.

7.4.2

Situated Technology

Early on, we gathered and evaluated a broad range of collaborative and
educational technologies including computer-based science simulations, data collection
and analysis tools, Internet tools, and CMC mechanisms such as video teleconferencing,
text chat, e-mail, and shared electronic whiteboards. These tools were initially
introduced to teachers through hands-on training sessions. We then worked with the
teachers to define collaborative science-based learning activities that would use the
existing technologies. Our main goal was to see what would happen when the selected
technologies were introduced into the classroom. To this end, we produced situated
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technology scenarios and claims to analyze and evaluate the capabilities of existing
collaborative tools in the classroom context.
Table 7-3. Key claims from the classroom scenario on the physical
inelastic collision experiment.
Key Claims from Classroom Scenario
Feature: Physical experiment
Pros: practices collaboration skills; practices negotiation of tasks and roles; provides concrete, hands-on experience;
resembles real-world situations
Cons: experiment apparatus may not be available; conditions may be hard to test; requires students to be co-located
Feature: Joint execution of experiment
Pros: practices collaboration skills; allows students to take on more complex and rewarding experiments; involves students in peer
learning
Cons: requires students to be co-located
Feature: Joint interpretation and analysis of data
Pros: practices collaboration skills; may improve analysis results by pooling ideas; involves students in peer learning
Cons: requires students to be co-located
Feature: Partitioning of physical tasks
Pros: practices negotiation of tasks and roles; allows students to take on more complex and rewarding experiments; resembles authentic
experience of real-world scientists
Cons: requires students to be co-located; may result in non-uniform effort and work among students; may not provide enough
experimental tasks to involve all members of a group
Feature: Assignment handout
Pros: is a portable medium; is easily accessible; each student has personal copy; provides organization and structure
Cons: has limited recording space; imposes redundant work and recording

Figure 7-12 outlines a situated technology scenario involving the use of a singleuser block and plane simulation, on-line assignment, electronic whiteboard, and video
conferencing tool. In contrast to the earlier classroom scenario, the situated technology
scenario specifies how we intend to use new collaborative and educational technologies
as opposed to existing technologies and artifacts that are already part of normal learning
activities. Using the situated technology scenario, we examine the impacts and
consequences of collaborative and educational technologies on a specific learning
activity. As shown in Table 7-4, the impacts and consequences are postured as situated
technology claims.
Our experience with this situated technology scenario raised a number of design
issues, some of which are captured by the claims of Table 7-4. Some of these claims
were anticipated in advance of fielding the technology (e.g., simulations support more
rapid data collection), while others were realized by direct observations of the tools
applied within the learning activities (e.g., inability to import relevant content to the
whiteboard from outside applications and sources).
This scenario also raised more pragmatic issues. For example, each classroom
was equipped with a small number of computers – only three computers per classroom.
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Thus, class-wide learning activities were difficult to accommodate. Another issue was
the non-alignment of class periods across different schools. This meant that remote
synchronous collaboration had to take place within very short time intervals of class
period overlap. These issues had very important, pragmatic consequences for our
evolving design. For example, the short time interval for collaboration across classes
forced us to reconsider the project’s initial emphasis on supporting synchronous
collaboration. We believe that practical issues such as these are not specific to the LiNC
project, but rather identify general limitations to the introduction of collaborative
technologies into the classroom. In Table 7-4, we highlight in red those features that
transition into the next stage of our illustration.
Situated Technology Scenario – Block and Plane Simulation
Felicity and Mertyl are middle school students in Ms. Snodgrass’ physical science class at Blacksburg Middle School. Maynard and
Ethel are middle school students in Ms. Crabtree’s physical science class at Auburn Middle School. The four students are assigned to
work together on a friction experiment using a block and plane simulation. The simulation is a single-user application. The
assignment is posted on the Internet and is accessible to students through Web browsers. The assignment consists of a description of
the experiment, experiment sheets for documenting resultant data, and a problem set related to the experiment.
Each group is given two days to complete the assignment. Group work is performed during forty minute sessions over which the class
periods of the two middle school classes overlap. Since each local class has access to only three computers for this activity, different
groups rotate through the computers over several days.
During their working sessions, Felicity, Mertyl, Ethel, and Maynard communicate using a video teleconferencing package. The
students collaboratively define and set the input parameters to the simulation and then initiate the simulation separately on their local
machines. As the simulation executes, numerical results are generated in a window. Each student gathers the resultant data from the
simulation and writes it into an experiment worksheet that has been printed out from the on-line assignment.
Once the simulation data is collected, the group compares, analyzes, and integrates their local results. They then address and answer
the problem set that is part of the posted on-line assignment. Each student copies the questions and completes the answers on separate
sheets of paper. Furthermore, each student produces and attaches to the assignment demonstrative graphs that show the simulation
results. Throughout the experiment, students use the electronic whiteboard to share various kinds of information including input
parameters, data, calculations, and graphs.

Figure 7-12. Situated technology scenario where a group of middle
school physical science students conduct computer-based friction
experiments using a block and plane simulation.

We should emphasis that the situated technology scenarios and claims were
deployed to investigate the classroom context and the use of collaborative technologies.
The integration of the collaborative technologies into the learning activities was pretty
superficial at this early stage, since teachers were only coming to understand the use and
application of the new technologies. The objective of this stage was to deploy the
collaborative and educational tools into the classroom as quickly as possible to study
their immediate use and impacts. This understanding and knowledge was crucial for us
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to obtain before we could effectively envision and design the use of these technologies in
more ideal learning activities.
Table 7-4. Key claims from the situated technology scenario on the
block and plane simulation.
Key Claims from Situated Technology Scenario
Feature: Single-user scientific simulation
Pros: provides opportunity to negotiate roles and collaboration among students; is an unlimited resource that may be spawned on any
computer; supports rapid data collection
Cons: concurrent execution is difficult to manage and synchronize joint work; mapping to real-world phenomenon may not be obvious
or clear; computer-competent students may take over the simulation because they feel more comfortable in working with the computer;
disrupts collaborative effort as students run separate simulations
Feature: On-line assignment
Pros: offers shared viewing of assignment; conserves paper
Cons: requires access to a computer
Feature: Electronic whiteboard
Pros: offers a salient space for collaboration; supports sharing of text and images; increases awareness of remote collaborators’ activities
(via telepointers)
Cons: students may erase or overwrite each other’s work; may support limited media or imports from other useful applications; as a
doodling space, it may distract students from other learning activities; may become cluttered and difficult to navigate and manage
Feature: Video conferencing
Pros: increases remote presence; makes learning experience more vivid and engaging; is natural to students
Cons: may provide poor sound; students may be especially frustrated when technical problems occur
Feature: Small number of computers in classroom
Pros: makes the technology less physically intrusive
Cons: requires students to time-share computers; prohibits class-wide activities
Feature: Short time intervals of class period overlap
Pros: reflects typical scheduling of classes
Cons: restricts synchronous collaboration with remote sites

7.4.3

Future Envisionment

Our greater understanding of classroom activities and technology acquired during
the first two stages puts us in a better position to envision new computer-enhanced
learning activities. During the future envisionment stage, our goal was to design
activities that were responsive to our analysis of both classroom and situated technology
scenarios and claims. We re-focused our attention on the activity, with the technology
taking on more of a supporting role. To illustrate, Figure 7-13 outlines a future
envisionment scenario of a remote collaboration exercise in which a high school physics
student guides a group of middle school students in their use and analysis of both a
physical block and plane friction experiment and an associated computer-based block and
plane simulation.
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Future Envisionment Scenario – Block and Plane Remote Mentoring
Felicity and Mertyl are middle school students in Ms. Snodgrass’ physical science class at Blacksburg Middle School. Maynard and
Ethel are middle school students in Ms. Crabtree’s physical science class at Auburn Middle School. The four students are assigned to
work together on a friction experiment. The assignment is posted on the Internet and is accessible to students through Web browsers.
The assignment consists of a description of the experiment, experiment sheets for documenting resultant data, and a problem set
related to the experiment. For each group, the on-line experiment sheets and problem set are available as Web forms through which
group members may directly type in data and answers.
Terri, a high school physics student in Mr. Neidermeyer’s class, has been assigned to mentor the four middle school students for this
assignment. She had conducted the same experiments using the physical apparatus and the simulation in her class prior to the
mentoring. The middle school group and its mentor are given four days to complete the assignment – two days for the physical
experiment and two days for the simulation. The mentoring occurs in thirty minute sessions during which the middle and high school
class periods overlap. Since each local class has access to only three computers for this activity, different groups rotate through the
computers over several days.
Felicity, Mertyl, Ethel, and Maynard meet Terri over the computer. The group of middle school students communicate with Terri
using a video teleconferencing package. Through a collaborative workspace, Terri and the group share the on-line assignment, the
inclined plane simulation, and an annotatable electronic whiteboard. First, Terri and the group read through the on-line assignment
together. Terri answers the group’s questions on the assignment. Next, Terri guides the middle school students through the set up of
the block and plain physical experiment. She then steps them through the execution of several runs using the equipment. She aims the
camera towards the equipment, takes a snapshot and copies it onto the annotatable electronic whiteboard, and then references the
snapshot to point out specific places and events to monitor and error conditions that may arise. After the initial interaction, the group
is left to execute their physical experiments and gather results on its own.
As instructed by Terri and the on-line assignment, the students set up the physical friction experiments at their different locations using
an assortment of blocks and planes. The blocks come in different shapes, sizes, weights, and compositions. The planes are planks of
similar size but of different compositions. The students place the planes on an apparatus that lifts one end of the plane a set distance
off the floor. The students may adjust the height (and thus the angle) of the elevated side of the plane. The students run a series of
friction experiments by sliding the blocks down the planes at different angles, measuring the velocity of the moving block, and
computing the various friction properties for each run. As the students conduct the experiment, they type the generated data into the
on-line experiment worksheets.
Two days later, Terri returns to mentor the group on running the collaborative computer-based block and plane simulation that is a
reproduction of the physical experiment. The collaborative block and plane simulation is designed to allow shared control and
viewing of the simulation across multiple networked machines. Terri runs through the steps of the simulation on her computer and
describes the process as she proceeds. Occasionally, Terri will take a snapshot of her screen and copy the snapshot onto the
annotatable electronic whiteboard. From the whiteboard, she then annotates or highlights specific features of the simulation using
basic whiteboard drawing facilities. The group sees Terri’s manipulation of the simulation and whiteboard on its end. After the
mentoring, the group is once again left alone to complete their runs of the simulations and to gather results.
The students collaboratively execute the block and plane simulation. Using the simulation, the students may precisely set the friction
properties and values of the virtual blocks and planes. The students use the simulation to gain better control of the physical properties
of the experiment and to more closely examine the effects of friction on blocks and planes. The students take turns controlling and
executing the simulation. As the simulation generates data, the students cut and paste the resultant data from the simulation into the
on-line experiment worksheets.
Once both physical and simulated data have been collected, the group analyzes the collected data and addresses the problem set for the
assignment. The group types its answers into the on-line problem set. Using the annotatable electronic whiteboard, the group
produces demonstrative graphs that show and compare the experimental and simulation results. The group inserts the graph images
into the on-line problem set.

Figure 7-13. Future envisionment scenario where a high school physics
student mentors a group of middle school physical science students in
the execution of both a physical and a simulated block and plane
experiment.

During this stage, an important concern was the development of pedagogicallysound learning activities that required computers and remote collaboration. We wanted
to motivate the use of collaborative and educational technologies in learning activities by
identifying ways that the technologies could fundamentally improve learning outcomes.
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The objective was not replace existing learning activities and practices, but to supplement
and enhance them. This mindset is exemplified by two features in Table 7-5: student
mentoring was defined as a specific collaborative learning activity that would take
advantage of remote collaboration capabilities afforded by collaborative technologies,
while the complementary application of a hands-on experiment and simulation presented
a way to improve hands-on experiments by supplementing them with computer-based
simulations. In contrast to the situated technology stage where will simply placed
collaborative technologies into learning activities with limited understanding of their
pedagogical benefits and impediments, we now focused more heavily on applying
collaborative technologies in more educationally significant ways.
Table 7-5. Key claims from the future envisionment scenario on block
and plane remote mentoring.
Key Claims from Future Envisionment Scenario
Feature: Student mentoring
Pros: forces mentor to know material more thoroughly; requires mentor to recall and apply previously learned science concepts;
establishes special bond between mentor and tutees; interaction may be more comfortable since mentor and tutees are close in age
Cons: tutees may have little confidence in mentor; tutees may have little respect for mentor; mentor may have little patience for tutees;
mentor has limited range of instructional capabilities
Feature: Complementary application of hands-on experiment and simulation
Pros: allows students to work in both real and ideal conditions; demonstrates application of alternative research methods and tools;
broadens research abilities by forcing students to think both abstractly and concretely
Cons: requires large amounts of class time; mapping between experiment and simulation may be weak if they are totally unrelated
Feature: Collaborative scientific simulation
Pros: provides opportunity to negotiate roles and collaboration among students; allows shared execution of simulation; supports rapid
data collection; allows students to test boundary conditions that cannot be reproduced or are too dangerous to apply in physical
experiments; provides useful abstractions to illustrate real-world phenomena
Cons: mapping to real-world phenomenon may not be obvious or clear; computer-competent students may take over the simulation
because they feel more comfortable in working with the computer; students may fight over control of simulation
Feature: Editable on-line assignment
Pros: offers shared viewing of assignment; conserves paper; allows shared completion of experiment worksheets and problem sets;
allows teacher to monitor progress of group
Cons: requires access to a computer; students may fight over control of editing
Feature: Annotatable electronic whiteboard
Pros: offers a salient space for collaboration; supports sharing of text and images; increases awareness of remote collaborators’ activities
(via telepointers); supports the annotation of images and views
Cons: students may erase or overwrite each other’s work; may support limited media or imports from other useful applications; as a
doodling space, it may distract students from other learning activities; may become cluttered and difficult to navigate and manage

Apart from envisioning new learning activities, envisionment also extended the
designs of specific collaborative technologies to better suit the functions and needs of
collaborative scientific learning. For instance, as shown in Table 7-5 , the designs of the
scientific simulation and on-line assignment were enhanced to respectively support
collaborative execution and editing. The design of the annotatable electronic whiteboard
was based on an extended version of an earlier electronic whiteboard with more
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sophisticated annotation capabilities, which were found to be important for student
mentoring activities. Thus, the future envisionment stage advanced the designs of both
learning activities and collaborative technologies.
As represented by the claim schema of Table 7-5, the envisionment scenario and
its features and claims were driven by claims analysis results stemming from previous
analysis and design stages (e.g., scientific simulation, on-line assignment, and electronic
whiteboard). The schema also illustrates how the envisionment scenario established new
claims of its own (e.g., student mentoring and complementary application of hands-on
experiments and simulations). These developments further exemplify the evolutionary
nature of our design process as we continually evolve and create scenarios and claims to
address emerging contexts.
7.4.4

Framework Development

Following the future envisionment of learning activities, we again shifted our
focus back to technology; this time, to the design of components that might comprise a
collaborative science learning environment. Whereas future envisionment was a
relatively unfettered exploration of ideas about collaborative learning, design work in the
framework development stage was aimed at extracting, making concrete, and organizing
envisioned features and functionality.
In a sense, envisionment scenarios produced in the previous design stage may be
viewed as representative examples of use of an ideal system. The goal of the framework
development stage was to support and extrapolate beyond the envisionment scenarios to
design specific system features that were generally applicable to a variety of different
learning situations. These derived system features became components of a generic
framework that defines and organizes various collaborative and educational capabilities.
To illustrate, Figure 7-14 presents the framework development scenario that refines the
previous block and plane mentoring envisionment scenario with specific, concrete system
features such as a collaborative electronic workbench and an electronic laboratory
notebook. These two features and their associated claims are presented in Table 7-6.
The electronic workbench may be seen as an extrapolation of the annotatable
electronic whiteboard in the previous block and plane envisionment scenario. The
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extended design, however, has addressed a limitation of the previously-envisioned
technology, namely, the limited media that may be shared among collaborators using the
annotatable electronic whiteboard. In the new version of the electronic workbench,
simulations, findings, and educational materials and resources may now be shared. At
the same time, the greater variety of media may also increase display complexity. This
was captured as a possible “downside” of the refined electronic workbench feature.
Framework Developoment Scenario – The Virtual School and Block and Plane Simulations
Felicity and Mertyl are middle school students in Ms. Snodgrass’ physical science class at Blacksburg Middle School. Maynard and
Ethel are middle school students in Ms. Crabtree’s physical science class at Auburn Middle School. The four students are assigned to
work together on a friction experiment. The assignment is posted on the Internet and is accessible to students through Web browsers.
The assignment consists of a description of the experiment, experiment sheets for documenting resultant data, and a problem set
related to the experiment. Terri, a high school physics student in Mr. Neidermeyer’s class, has been assigned to mentor the four
middle school students for this assignment.
During interactive working sessions, the four middle school students collectively run the simulation and communicate using video
conferencing. During other times, the middle school students run the simulation separately and coordinate their activities through a
message box through which remote students leave messages for one another.
The group runs the block and plane simulation using the Virtual School collaborative learning environment. To do this, the students
log into the Virtual School. Once logged in, Ethel begins searching for the block and plane simulation. She brings up a search tool
and looks for all available simulations. She sees the block and plane from a list of search results and drags that search item onto an
electronic workbench. Ethel then searches for a graphing tool to display the results of the simulation. She uses the search tool to view
all available applications and finds a tool named “Grapher.” She drags this search entry onto the electronic workbench. She then
connects the simulation to the Grapher with an arrow to establish the passing of data. Felicity, Mertyl, and Maynard stand by and
watch as Ethel conducts these operations.
The group executes the simulation with different initial conditions. As the simulation executes, its data is automatically fed to the
Grapher and plotted. The students take turns at setting the initial conditions and executing the simulation. As the simulation is
executed, the group saves produced data sets on the workbench. The students also take snapshots of the graphs produced by the
Grapher and save those on the workbench as well. Once finished with the simulation, the students wish to post their results in the
electronic laboratory notebook. The students drag the data sets and the graphs from the workbench directly onto the notebook. In the
notebook, the data sets appear as data tables and graphs appear as images. Furthermore, the students answer a series of questions to a
problem set that was inserted into their notebook by their teacher. Notebook entries remain persistent after all group members log out
of the Virtual School and may be recalled at a later time.
As the group works through a set of simulation runs, they encounter some strange results as observed from generated graph. Unable to
figure out the problem, the group leaves a message in the message box for Terri outlining the errors they had encountered. Upon
logging in at a later time, Terri sees the message the group left for her. Through the history tool, Terri explores the problem by
checking the history of operations that the group carried out. She notices that the friction values that the middle school students were
applying in their experiments were way too high. She responds to the group in the message box by supplying the appropriate range of
friction values that should be used.

Figure 7-14. Framework development scenario where middle school
physical science students remotely collaborate on the execution of a
block and plane simulation using the Virtual School collaborative
learning environment.

Similarly, the electronic laboratory notebook may be seen as an extrapolation of
the on-line assignment. The electronic laboratory notebook, however, extended the view
of an assignment from a static set of instructions to an interactive place for storing and
managing experimental data and results. Associated with this new feature concept were
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laboratory notebook capabilities for indexing and searching the managed data and results.
As described, the electronic workbench and the laboratory notebook became standard
metaphors that encapsulated critical collaborative and educational capabilities. From this
stage of our analysis and design process, these two features became basic concepts in our
vocabulary and our design work.
Table 7-6. Key claims from the framework development scenario on the
Virtual School and block and plane simulation.
Key Claims from Framework Development Scenario
Feature: Electronic workbench
Pros: offers a salient space for collaboration; supports awareness of synchronous activities of remote users; offers place for students to
store, demonstrate, and reuse simulations; supports sharing and annotation of individual findings; provides group access to shared
materials and resources; allows students to define data transfer among applications
Cons: students may erase or overwrite each other’s work; may become cluttered and difficult to navigate and manage; may not partition
and apply designated spaces for individual work
Feature: Electronic lab notebook
Pros: offers shared viewing of assignment; conserves paper; allows shared completion of experiment worksheets and problem sets;
allows teacher to monitor progress of group; provides place to integrate and organize information and knowledge; allows information
and knowledge to be gathered and shared by teams; may be indexed and searched; has no physical limitations (e.g., page size)
Cons: requires computer access; students may fight over control of editing; does not seem private or personal; content may grow to be
unmanageable
Feature: Project authentication
Pros: provides secured, authorized access; prevents malicious damage to project contents by external parties
Cons: cumbersome to manage accounts and passwords;
Feature: Search mechanism
Pros: provides an internal search mechanism for locating local experimentation resources such as simulations and applications; supports
the investigative process inherent in scientific research
Cons: may not always locate useful resources; inability to locate reasonable resources may stall learning and impede progress
Feature: Message box
Pros: provides simple form of asynchronous communications; provides a common location to place and check messages; allows
students to provide quick status information; accessible only to project members
Cons: does not provide space for detailed messages; requires students to develop routine of use
Feature: History mechanism
Pros: allows students to review past operations and events; allows new group members to acquire project context; is fully automatic;
most useful when certain experiments need to be reproduced
Cons: students may sense they are being monitored; over time, size of historical record may grow unmanageable

These two metaphors again emphasize the constant interplay between activity and
system design. The electronic workbench responded to the activity requirement for a
shared work area, while raising a new opportunity for the more extensive sharing of
various media types such as simulations, findings, materials, and resources. The
electronic laboratory notebook responded to the activity requirement of providing access
to assignments, while raising a new opportunity to provide for more flexible and
interactive storage of collected experimental data and results.
The framework development scenario also highlights a number of basic system
features. For instance, developers recognized the need for students to be able to locate
various research resources in their investigations. As a result, a generic search
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mechanism was designed to allow students to access and retrieve many different kinds of
resources (e.g., people, Web pages, simulations, images, and data sets). This resulted in a
specialized search and browse facility and a protocol for identifying searchable resources.
The upside of the search and browse capability was that more powerful and general
support was provided for information and application retrieval, while one downside was
that it adds to the complexity of the overall system.
Other features of the framework development scenario included project
authentication that provided authorization and access to group members of a project, a
message box for students and teachers to pass asynchronous messages among one
another, and a history mechanism that would allow students and teachers to review the
actions that have transpired on an experiment or project. All of these framework features
were presented as basic system functions of the Virtual School.
7.4.5

Framework Contextualization

Once the components of the generic framework had been designed, we shifted
again to activity design - refining and evaluating the learning activities envisioned earlier
within the new system context provided by the Virtual School framework. In essence, we
contextualized the activity features of the envisionment scenarios against the capabilities
of the generic framework defined during framework development. In contrast to earlier
stages where we used scenarios and claims as support for envisionment and
brainstorming, the framework development scenarios and claims were now used as
constraints. We mapped activities to proposed functions of the generic framework to
identify areas of mismatch or weaknesses in its design. At the same time we refined the
activities to leverage from the features and organization of the system. This reflects a
shift in design reasoning from envisionment to constraint application—resulting from
both the increasing structure of our design and the need to explicitly integrate learning
activities with system capabilities.
Figure 7-15 presents a framework contextualization scenario involving a group of
middle school students collaborating on a long-term project on friction. The framework
contextualization scenario was an adaptation of previous scenarios that were focused on
short-term friction experiments such as the block and plane described in the last section.
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Features and claims associated with the framework contextualization scenario are
presented in Table 7-7.
Framework Contextualization Scenario – The Virtual School and Long-Term Projects
Felicity and Mertyl are middle school students in Ms. Snodgrass’ physical science class at Blacksburg Middle School. Maynard and
Ethel are middle school students in Ms. Crabtree’s physical science class at Auburn Middle School. The four students are working
together on a ten week project in which they are to conduct research and run various experiments on friction. In organizing the
research, the students use the electronic laboratory to define a research outline that identifies the research areas to be covered on the
project. The students use the outline as a guide to their research activities as well as a way to partition the research work amongst
group members. The laboratory notebook has tabs that mark and provide immediate access to the major sections of the project.
To assist his students, Ms. Snodgrass and Ms. Crabtree have collected various research resources and made them available to his
students in virtual laboratories. Virtual laboratories are spatial room-based views of research resources. For the friction topic, for
instance, Ms. Snodgrass and Ms. Crabtree have placed various relevant articles, URLs, data tables, and the block and plane simulation
in the friction laboratory for the group to access. In addition, Ms. Snodgrass and Ms. Crabtree have attached a milestone page and a
grading rubric page to the group’s laboratory notebook. The milestone page lists major deliverable and deadlines that the group
should meet on the project. The grading rubric provides the criteria and weights to which the teacher will grade the project.
At one point in the project, the group executes the block and plane simulation from the friction laboratory and places data and results
into a particular section of the laboratory notebook. Overall, the simulation activity and findings are a small component of the larger
project.
The group conducts most of the research individually, but meet weekly over video conferencing to provide status on current work. As
each student conducts research, she places the resources and results in her own personal folder residing on the workbench. When the
group is ready to share resources or results, the resources or results are either placed into a group folder or pulled out onto the
workbench for all members to see and manipulate.
During the course of the project, Ms. Snodgrass and Ms. Crabtree review the laboratory notebook to verify progress is being made and
research is going in the proper direction. To provide guidance to the group, they place comments and annotations on completed pages
of the laboratory notebook. Based on Ms. Snodgrass’ and Ms. Crabtree’s comments and annotations, the students adjust their research
and writing accordingly.
Once the project has been completed, it is submitted to Ms. Snodgrass and Ms. Crabtree for final evaluation and grading. Ms.
Snodgrass and Ms. Crabtree apply the grading rubric in the laboratory notebook to determine the final score and grade for the project.
In viewing the final grading rubric, group members see how the final score was determined and where deficiencies in the research and
the project exist.

Figure 7-15. Framework contextualization scenario where high school
physics students remotely collaborate to conduct project research on
friction using the Virtual School collaborative learning environment.

The framework contextualization stage coincided with the teachers’ shift in
emphasis from individual experiments and lessons to long-term projects. Projects were
seen as a way to address some of the positive and negative consequences that emerged
during earlier analysis and design. For example, because a project takes place over an
extended period of time, student collaboration may be supported by a broad range of
technologies including tools for both synchronous and asynchronous interaction. This
minimizes the reported negative consequences of non-overlapping schedules across
schools and relatively few computers per classroom. At the same time, projects may be
relatively complex, foster long-term collaboration, and be more representative of the
kinds of collaborations that occur among real-world scientists. These attributes are
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among many of the positive consequences we found with hands-on, physical experiments
and projects from earlier analyses that we wished to maintain in our designs of learning
activities.
Table 7-7. Key claims from the framework contextualization scenario
on the Virtual School and long-term projects.
Key Claims from Framework Contextualization Scenario
Feature: Science project
Pros: illustrates the scientific process; resembles the experience of real-world scientists; encourages long-term collaboration; invites
complex research topics
Cons: may increase the demands on class time; may be difficult to organize and schedule during school year
Feature: Virtual laboratories (room-based views of resources)
Pros: allows teachers to predefine research resources; aids the resource retrieval process
Cons: may encourage students to avoid doing their own investigation
Feature: Personal and group folders (in electronic workbench)
Pros: allows students to partition research work; supports both individual and group research
Cons: adds a level of indirection to sharing of work; may be cumbersome to merge or compare work saved in different folders
Feature: Electronic lab notebook
Pros: provides place to integrate and organize information and knowledge; allows information and knowledge to be gathered and shared
by teams; may be indexed and searched; has no physical limitations (e.g., page size); provides user-defined tabs for quick access to
sections or key pages; collects, manages, and organizes long-term project data and results; provides teachers evaluation capabilities
Cons: requires computer access; does not seem private or personal; content may grow to be unmanageable
Feature: Research Outline (in electronic laboratory notebook)
Pros: allows students to better organize, structure, and decompose their research work; practices essential organizational skills in
science; allows students to assign specific tasks by sections; provides common structure among all projects
Cons: may be too confining to creative students
Feature: Teacher Annotations (in electronic laboratory notebook)
Pros: allows teachers to provide feedback in reference to the project contents; consistent with way teachers evaluate and provide
guidance in paper-based projects.
Cons: Permanent annotation markings stain project content
Feature: Project milestones (in electronic laboratory notebook)
Pros: defines project schedule for students; provides way for students to monitor progress
Cons: conveys a fixed schedule with no flexibility to change
Feature: Grading rubric (in electronic laboratory notebook)
Pros: outlines full assessment criteria to guide students’ efforts; provides a concrete, detailed record for the negotiation of grades;
automatic calculations limit mathematical errors
Cons: conveys a fixed evaluation with no flexibility to change

The shift to long-term projects did not significantly change the current design of
the Virtual School as last defined in the framework development stage. In fact, as
illustrated in our earlier ethnographic analysis of experiments and projects (see Section
5.1), experiments and projects were seen to follow similar scientific processes with the
difference being the length of time over which the process is carried out. Thus,
components of the generic framework such as the electronic workbench and electronic
laboratory notebook were also seen to support long-term projects as well as short-term
experiments. Yet, applying long-term projects in the context of the generic framework
led us to further elaborate other features and capabilities of the framework. For instance,
as we applied the electronic laboratory notebook to document and manage a project in the
framework contextualization scenario of Figure 7-15, we began to see immediate useful
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extensions to the electronic laboratory notebook such as support for research outlines,
teacher annotations, project milestones, and grading rubrics (see Table 7-7). One might
believe that these design features could have surfaced during the design of future
envisionment scenarios. In our case, these features did not emerge until later. The future
envisionment scenarios encouraged us to brainstorm general concepts, features, and
attributes of an ideal activity, while applying the concepts, features, and attributes to a
potential system during the framework contextualization stage forced us to think more in
specific, concrete terms such as the aforementioned extensions to the electronic
laboratory notebook.
Framework contextualization also elaborated additional capabilities to other
components of the generic framework. For example, in the block and plane future
envisionment scenario, group members shared research information and data through an
annotatable electronic whiteboard. When this kind of research sharing was applied to the
electronic workbench component of the generic framework, additional design issues
emerged concerning how group members share research information, materials, and
findings. To understand how students share research findings, we revisited our classroom
scenarios and claims. We found that in extended assignments, students often partitioned
research work amongst themselves. Students generally would perform research and
collect data individually, then convene to integrate their findings. Thus, we extended the
framework contextualization scenario and claims to include this notion of “personal
pockets” of research, which was supported through a personal and group folders feature
that allowed students to separate and combine research materials into individual and
collaborative workspaces. Note that the folder feature also addresses the “cluttered and
difficult to navigate and manage" negative consequence associated with the electronic
workbench, by providing students and groups better mechanisms to partition and
organize their research work and materials. Overall, by adding the folder feature, we
were able to accommodate the research behaviors of students while adding more
capability and structure to the remote collaboration.
Another generic framework component that underwent design evolution was the
search mechanism. We felt that a sophisticated search mechanism would be too
complicated for middle school students to use. The solution was to add the concept of a
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virtual science laboratory as a secondary search and browse mechanism. A virtual
science laboratory was a pre-organized set of resources available to students working on
a particular science topic or in a particular science field.
7.4.6

Constraint Resolution

The final constraint resolution stage provided the last opportunity among teachers
and developers to rectify discrepancies between activity and system designs. The goal of
this stage was to tweak the current system and activity designs in ways that was
acceptable to all stakeholders. Furthermore, design at this stage must accommodate the
resource and scheduling issues associated with system development. Scenarios and
claims produced during this design stage reflected the final integration of classroom and
technology contexts into a unified version. We denoted the design results as new
classroom scenarios and claims to signify one complete pass through the overall design
process.
The constraint resolution scenario of Figure 7-16 was a slightly modified version
of the previous framework contextualization scenario. As presented in Table 7-8, the
constraint resolution scenario contained a number of updated features that were resolved
between teachers and designers. For example, concerns about the complexity and
personal organization of a shared workbench had prompted the personal and group folder
concept during the framework contextualization stage. Yet, the concepts of folders and
workbenches were seen as similar and redundant as containers for research work and
materials. The practical resolution was to combine the concepts to evolve the notion of
multiple workbenches that may be designated and authorized for individual or group
research.
A number of other secondary features were developed or extended during this
final stage. For example, the issue of managing a potentially cluttered workspace of the
electronic workbench had not been fully addressed. Teachers and designers recognized
that research resources and data may easily be hidden from view in a scrollable electronic
workbench, particularly during the latter stages of a project. The solution was to provide
a high-level radar view into the workbench that would provide cues to the relative
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locations of workbench objects and allow students to pan and zoom into specific
workbench areas.

Constraint Resolution Scenario – The Virtual School and Long-Term Projects
Felicity and Mertyl are middle school students in Ms. Snodgrass’ physical science class at Blacksburg Middle School. Maynard and
Ethel are middle school students in Ms. Crabtree’s physical science class at Auburn Middle School. The four students are working
together on a ten week project in which they are to conduct research and run various experiments on friction. In organizing the
research, the students use the electronic laboratory to define a research outline that identifies the research areas to be covered on the
project. The students use the outline as a guide to their research activities as well as a way to partition the research work amongst
group members. The laboratory notebook has tabs that mark and provide immediate access to the major sections of the project.
To assist his students, Ms. Snodgrass and Ms. Crabtree have collected various research resources and made them available to his
students in virtual laboratories. Virtual laboratories are spatial room-based views of research resources. For the friction topic, for
instance, Ms. Snodgrass and Ms. Crabtree have placed various relevant articles, URLs, data tables, and the block and plane simulation
in the friction laboratory for the group to access. In addition, Ms. Snodgrass and Ms. Crabtree have attached a milestone page and a
grading rubric page to the group’s laboratory notebook. The milestone page lists major deliverable and deadlines that the group
should meet on the project. The grading rubric provides the criteria and weights to which the teacher will grade the project.
At one point in the project, the group executes the block and plane simulation from the friction laboratory and places data and results
into a particular section of the laboratory notebook. Overall, the simulation activity and findings are a small component of the larger
project.
The group conducts most of the research individually, but meet weekly over video conferencing to provide status on current work. As
each student conducts research, she places the resources and results in her own workbench, which serves as a personal work space.
The workbench provides students unlimited space for gathering and applying various educational resources. To organize items in the
workspace, the student pans around and zooms into different areas of the workbench through a small overview map providing a
caricature of the workspace. When the group is ready to share resources or results, the resources or results are merged or pulled out
into a group workbench for all members to see and manipulate.
During the course of the project, Ms. Snodgrass and Ms. Crabtree review the laboratory notebook to verify progress is being made and
research is going in the proper direction. To provide guidance to the group, they place comments and annotations on transparent
overlays that are placed on top of the completed pages of the laboratory notebook. Authenticated into the Virtual School in the role of
teachers, Ms. Snodgrass and Ms. Crabtree are given the capability to create and populate overlays and grading rubrics, but may not
edit project content that have been placed by students into the laboratory notebook. Once the students have reviewed Ms. Snodgrass
and Ms. Crabtree comments, they turn off the overlay to edit the underlying project material. As project group members, the students
are free to create and populate project pages in the laboratory notebook, but are not allowed to create and populate grading rubrics or
overlays. Based on Ms. Snodgrass’ and Ms. Crabtree’s comments and annotations, the students adjust their research and writing
accordingly.
Once the project has been completed, it is submitted to Ms. Snodgrass and Ms. Crabtree for final evaluation and grading. Ms.
Snodgrass and Ms. Crabtree apply the grading rubric in the laboratory notebook to determine the final score and grade for the project.
In viewing the final grading rubric, group members see how the final score was determined and where deficiencies in the research and
the project exist.

Figure 7-16. Constraint resolution scenario where high school physics
students remotely collaborate to conduct project research on friction
using the Virtual School collaborative learning environment.

Other added features included an annotation overlay that could be lifted off and
onto existing laboratory notebook pages. Teachers would provide comments to students
and groups by writing on the overlay to a notebook page. Students are then free to update
or edit notebook pages without affecting or erasing teachers’ comments. The projected
use of the laboratory notebook as a collaborative space between students and teachers
also led to the development of individual and group access control mechanisms that
could be attached to sections, pages, and specific contents of the laboratory notebook.
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Through such a mechanism, teachers would have sole writeable access to notebook
features and areas such as comments and grading rubrics, while students would have
writeable access to their personal or group sections of the notebook. This solution
involved the use of individual and group permissions similar to those enforced by file
systems.
Table 7-8. Key claims from the constraint resolution scenario on the
Virtual School and long-term projects.
Key Claims from Constraint Resolution Scenario
Feature: Multiple workbenches
Pros: allows students to partition research work; supports both individual and group research; aligns research work more closely to
the project
Cons: adds a level of indirection to sharing of work; may be cumbersome to merge or compare work saved in different workbenches
Feature: Panning/zooming radar view
Pros: provides easy navigation of complex workbenches; provides abstract view of current research work;
Cons: may encourage students to place too much content and clutter in workbenches
Feature: Annotation overlay
Pros: may be lifted to provide unaltered view of underlying content; allows annotations from multiple reviewers (with different
overlays for different reviewers); allows the creation of templates that may be reused across different pages or notebooks
Cons: annotations and underlying content will be out of sync if edits are made to the original content
Feature: Fine ownership and access of project content (ownership of project text, pages, and notebooks)
Pros: provides fine access control of notebook content; affords capabilities to contributors playing different roles; gives teachers
control in pre-structuring projects; prevents malicious or inadvertent damage to project contents
Cons: cumbersome to manage with many different combinations of roles, privileges, and access controls.

In our case study, constraint resolution would often require the teachers to relax
certain user requirements and designers to alter or eliminate specific system design
features. The constraint resolution stage also considered constraints imposed by external
factors such as development costs, manpower, and scheduling. For instance, some design
features may be negotiated and potentially thrown out during this stage to accommodate
the development budget and schedule. Appropriately, the associated constraint resolution
scenarios and claims would be modified to accommodate such practical considerations,
constraints, and decisions.

. . .

The collected scenarios and claims in this section serve to demonstrate the overall
evolution of the analysis and design artifacts over the course of system and activity
development. To further illustrate the progression of analysis and design artifacts, Figure
7-17 maps a select set of design features onto the stages of our Progressive Design
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development model. Features highlighted in red correspond to those that were identified
in the analysis and design path described in the previous sections. The significance of
Figure 7-17 is that it conveys a logical and connected path of system and activity
development that is driven by the effective application of scenario and claims methods
and representations.

Figure 7-17. Analysis and design features mapped onto the stages of
Progressive Design.
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8

User Interface Design
Collaborative user interface design came in the form of paper prototyping as we

engaged developers, teachers, and students in various design sessions. Over the course of
the case study, approximately twenty-five user interface design sessions were carried out
with various combinations of designers, developer, teachers, and students. User interface
prototyping occurred during the participatory design phase, and was carried out in
different ways according to the design stages of the Progressive Design approach (e.g.,
future envisionment, framework development, framework contextualization, and
constraint resolution).
Over time, user interface designs became more concrete as we successively fixed
or set aspects or components of the user interface as they became defined, while turning
our attention to the specific uses of those user interface features as well as the
pedagogical content that were to be incorporated into, applied within, or represented by
those features. This chapter conveys the different kinds of user interface prototypes and
designs that were generated across the various design stages. For each user interface
design we present, we identify and describe the key features that sprung or evolved from
the particular design.
8.1

Future Envisionment

Recall that during the future envisionment stage of Progressive Design, teachers
and students were the key participants in generating initial design visions (see Section
4.2.4.1). During future envisionment, students and teachers were asked to develop paper
prototypes of a computer-supported collaborative science learning environment. The
user interface prototypes were to be developed to support the various phases of a project
as defined during participatory analysis (see Section 5.1). Table 8-1 recalls these project
phases. Participants were asked to assume that students were working from classroom
computer stations and were to collaborate with other students at other schools. In
drawing screens, participants were to work through scenarios depicting various
collaborative and learning activities across the different project phases.
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Table 8-1. Phases of a project as identified during participatory analysis.
Phases of a Project
Forming into groups
Identifying a science topic
Deriving goals, objectives, and hypotheses
Defining experimental rationale and design
Defining, negotiating, and allocating tasks
Collecting data from research
Discussing and analyzing results
Developing research product
Writing project report
Presenting results to teacher and class

8.1.1

Teachers’ Designs

Teachers constructed a variety of paper prototypes to envision the user interface
and its underlying educational capabilities for a computer-mediated science learning
environment. In one teacher’s design of a learning environment as shown in Figure 8-1,
a circuit simulation and a graphing tool are instantiated on the screen. A series of data
tables, graphs, and other applications are iconified on the right hand side of the screen.
The circuit simulation, graphing tools, and icons may be accessed by and shared among
collaborating remote students. A number of general design features are present
including:
•

Applications are pulled together in a common environment

•

Visual interaction or direct manipulation of applications through their
graphical user interfaces

•

Real-time sharing of applications among remote collaborators

•

Management and abstraction of applications through iconification
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Figure 8-1. A teacher’s design of an electronic whiteboard with typed
objects. Design was produced during the future envisionment stage.

In Figure 8-2, the view of an electronic whiteboard was developed by another
teacher. With this design, a student would place different kinds of textual and graphical
objects on the whiteboard in a free-form manner. Objects may be annotated by attaching
predefined types to the objects. In the case of Figure 8-2, the text object may be either a
question (Q), an answer (A), or junk (J). The student may then link question objects to
answer objects to graphs by drawing connecting lines among whiteboard objects. The
result is a series of free-formed question and answer entries on the whiteboard. Among
the design features in Figure 8-2 are:
•

Free-form layout of textual and graphical objects

•

Attachment of types to different objects (e.g., question, answer, and junk)

•

Semantic relationships among objects based on object types

The screen of Figure 8-3 illustrates the concepts of linking up applications and the
automatic transfer of data among applications. On the screen, the simulation and the
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“grapher” is linked such that data generated by the simulation is automatically fed to the
“grapher” for display. Complex networks of applications may be generated in this way
and saved for future reuse. The network may be re-instantiated from its icon. The
features of this UI design are:
•

Logical linking of applications

•

Automatic data transfer across applications

•

Saving and re-instantiation of application networks

•

Iconification of application networks

Figure 8-2. A teacher’s design of a circuit simulation in a collaborative
science learning environment. Design was produced during the future
envisionment stage.
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Figure 8-3. A teacher’s design of an application network editor. Design
was produced during the future envisionment stage.

Figure 8-4 presents a teacher’s view of an electronic assignment. Specifically, the
screen shows the problem set of an assignment. The problem set is broken into a series
of questions and answers. The teacher defines the questions and places them into an
online problem set prior to releasing the assignment to students. Students complete the
designated answer sections of the problem set and are not allowed to edit the text of the
questions. In general, the assignment is partitioned into different sections that
incorporate different permissions and rules for editing. For instance, questions are
editable by teachers by not students. Answers are generally editable by students by not
by teachers. To accommodate the long-term, staged use of a particular assignment or
problem set, the teachers also developed the idea that some answers are only editable by
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students over a certain period of time. For instance, students may have two weeks to
complete the first five of twenty questions in the problem set. After that period, the first
five answers are graded by the teacher and no longer editable. Among the features of this
screen design include:
•

On-line electronic assignment

•

Collaborative use of assignment

•

Partitioning of sections in assignment

•

Permissions and editing rules for individual sections and problems

•

Interactive problem set to be used and edited by students and teachers

Figure 8-4. A teacher’s design of an on-line electronic assignment.
Design was produced during the future envisionment stage.
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8.1.2

Students’ Designs

Students also constructed paper prototypes of a computer-mediated science
learning environment. Figure 8-5 presents one student’s design of a learning
environment, which is focused primarily on supporting communications among remote
students by incorporating metaphors of common household objects such as televisions,
remote controls, telephones, video cassette recorders (VCRs), and answering machines.
The envisioned environment provides for both real-time communications (e.g., television
and telephone) as well as recorded types of communications (e.g., e-mail, VCR, and
answering machine). The television in the upper left hand corner of the screen houses
video connections to remote students that may be selected and activated through the
remote control. The storage room in the lower right hand corner provides a central
repository for collaborators to store documents, images, URLs, data files, and other kinds
of information. The beep button at the bottom center of the screen may be used to
capture the attention of remote collaborators. Among the design features of this screen
design include:
•

Integrated support for both live and recorded communications

•

Metaphorical design borrowing concepts from everyday living (e.g.,
televisions, remote control, VCRs, telephones, etc.)

•

Random access selection of video channels

•

Central repository for storing documents, images, URLs, and other
information

•

Remote attention grabbing through a beep button
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Figure 8-5. A student’s design of a collaborative science learning
environment with multiple communications mechanisms. Design was
produced during the future envisionment stage.

Figure 8-6 presents a student’s view of a shared circuit simulation. In the given
design, remote students share in the development of circuits by collaboratively wiring the
shared virtual circuit board. Remote students have simultaneous access to the simulation.
In addition, remote students communicate with one another through audio/video channels
shown at the upper left hand corner of the screen. The envisioned collaborative use of
the circuit simulation is similar to that of a teacher’s design presented in Figure 8-2. The
primary features of this student’s design include:
•

Visual interaction or direct manipulation of simulations through their
graphical user interfaces

•

Basic sharing of simulations among remote collaborators

•

Multiple audio/video connections to remote collaborators
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Figure 8-6. A student’s design of a collaborative circuit simulation.
Design was produced during the future envisionment stage.

Figure 8-7 presents another student’s view of a general search mechanism for
locating and accessing scientific information and data. Through this design, the student
may specify three criteria when searching: keywords, subject areas, and sources or
catalogues to be searched. Among the key features of this design include:
•

Keyword search

•

Search by subject

•

Search by source or catalogue

•

Integrated search criteria

During student design sessions, a number of students developed search mechanisms
similar to the one presented in Figure 8-7. Finding relevant references and resources was
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a critical part of doing projects and students saw a strong need for search mechanisms
that would support the learning and discovery process. Search mechanism designs were
heavily influenced by students’ exposure to the Internet, as many of the designs
(including Figure 8-7) were remarkably similar to common Internet search engines in
both form and function.

Figure 8-7. A student’s design of a general search mechanism for
locating scientific information. Design was produced during the future
envisionment stage.

Figure 8-8 presents screen designs from two students that describe tools for
collecting and managing research resources. The design on the left presents the metaphor
of an information workroom, which is a central repository for storing collected research
resources. As shown, the work room is segmented into separate tables (marked as P1,
P2, P3, and P4) for individual collaborators. A group table is also provided to which
individual resources may be transferred once the group agrees to accept those research
resources as part of the shared project. Tables contain textual information or verified
URLs. The design on the right illustrates the collection of different kinds of research
resources such as text, images, audio files, and video files. It utilizes a filing cabinet as a
270

metaphor for a data storage mechanism. Among the features of the two storage
mechanism designs include:
•

Segmented tables per student collaborator

•

Group table that collects research resources from individual tables upon group
acceptance

•

Workroom metaphor

•

Collection of multimedia data (i.e., text, images, audio files, video files, and
URLs)

•

Filing cabinet metaphor

Figure 8-8. Two students’ designs of storage mechanisms for managing
research resources. Designs were produced during the future
envisionment stage.

Figure 8-9 shows a student’s design of an electronic form of an assignment. The
electronic assignment is available through the Internet and shared among remote
collaborators. It is organized in a rough outline structure and partitioned into the sections
of laboratory objectives, graphs, data, and conclusions. During the course of research,
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remote students would transfer generated graphs and data sets into the electronic
assignment. Features of this design include:
•

On-line electronic assignment

•

Collaborative use of assignment

•

Outline structure of assignment

•

Partitioning of sections in assignment

Figure 8-9. A student’s design of an on-line electronic assignment.
Design was produced during the future envisionment stage.

...
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In comparing the designs of teachers and students, we find that students often
utilize objects in their everyday lives as metaphors for design. We consistently
encountered household objects in student designs such as telephones, televisions, safes,
filing cabinets, radios, etc. On the other hand, teachers did not often apply metaphors but
referred to specific articles or artifacts of their teaching. Utilizing problem sets,
experiments (via simulations), and analysis tools (graphs), the teachers focused mainly on
reproducing elements of their current teaching in a collaborative, computer-based form.
In their designs, students also referenced certain aspects of their current learning
activities as well. For instance, the outline form of the on-line assignment in Figure 8-9
is based on the structure and view of paper assignments that are handed out in class.
Also, as we noted earlier, student-designed search mechanisms such as that of Figure 8-7
often resembled Internet search engines in form and function, which may be attributed to
students’ previous exposure to Internet search engines through other school work or
home use. A common usage of computers and the Internet in K-12 classes, as with the
classes in our case study, is as a portal to mass amounts of information stored across the
Internet. Students search mechanism design may be seen as an extrapolation of their
previous experiences with computers and the Internet.
8.2

Framework Development

In the framework development stage of Progressive Design, control and focus
shifted to developers as they sought to derive base features and capabilities of a
collaborative science learning environment. In the development of a generic framework,
developers worked from the future envisionment paper prototypes that were primarily
designed by teachers and students. Where teachers and students generally considered a
collaborative learning environment to be a generalized space where remote students may
come to converse, share artifacts, and collaborate on learning activities, two different
notions of collaborative spaces had emerged among developers. Based on earlier
participatory analysis and future envisionment results, developers on the LiNC project
promoted two different metaphors for what became known as the Virtual School. One
metaphor was based on the science workbench, which is the physical work space where
groups meet to conduct hands-on experiments. A computer-based version of the
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workbench would be a virtual workplace where remote students of a team would meet to
run simulations, collect data, and analyze results using various computer-based analysis
tools.
The second metaphor was based on the laboratory notebook, which focused less
on the execution of an experiment and more on the capture of the scientific process and
the documentation and management of its results. Through an electronic laboratory
notebook, teachers may guide and students may manage the step-by-step procedures of
experiments. The electronic notebook basically provides a structured encapsulation of an
experiment of which students may examine and follow.
Developers reasoned that the electronic workbench and the electronic laboratory
notebook were complementary features rather than competing. After all, in the physical
science class, both workbenches and laboratory notebooks co-exist with other classroom
capabilities and features. The same should hold true for electronic versions of these
science classroom artifacts. To further distinguish between these two concepts, the
electronic workbench and electronic laboratory notebook were described respectively as
active and reflective spaces of collaboration. The electronic workbench was considered
an active space because this was where student experimentation and learning activities
would occur. In contrast, the laboratory notebook was a reflective space where
information and results were to be placed, shared, and reflected upon after they had been
processed and collected. Thus, students would conduct their experiments using the
electronic workbench to collect results, and then transfer those results over to the
electronic laboratory notebook for capture and further analysis. The electronic
workbench and the electronic laboratory notebook were key elements in the developers’
vision of the Virtual School.
In Figure 8-10, developers derived the concept of the electronic workbench. The
electronic workbench incorporated many of the concepts that students and teachers
developed with respect to electronic whiteboards and collaborative simulations. Like the
electronic whiteboard of Figure 8-1, the workbench is an open collaborative space where
different kinds of objects may be placed and shared, including text, data, graphics, and
URLs. Like the envisioned science learning environments of Figure 8-2 and Figure 8-6,
simulations and other applications may also be placed on the electronic workbench and
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Figure 8-10. A developer’s design of an electronic workbench with
support for constructing application networks. Design was produced
during the framework development stage.
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shared through their graphical user interfaces. Furthermore, the different workbench
objects may be iconified to aid in spatial management. Like the network editor of Figure
8-3, applications may also be linked together to define networks and specify data transfer.
Among the features of the electronic workbench include
•

Salient, collaborative space for experimentation

•

Free-form layout of textual and graphical objects

•

Applications are pulled together in a common environment

•

Visual interaction or direct manipulation of applications through their
graphical user interfaces

•

Real-time sharing of applications among remote collaborators

•

Management and abstraction of applications, utilities, data tables, and data
sets through the use of icons

•

Logical linking of applications

•

Automatic data transfer across applications

Figure 8-11 presents a developer’s concept of an electronic laboratory notebook.
The laboratory notebook is a collaborative space where assignments are stored and shared
among teachers and remote students. In this view, the assignment is organized as a series
of instructions or tasks that collaborating students are to carry out. Defined by teachers,
the instructions or tasks are to provide students guidance and structure in their scientific
investigations. The instruction set represents a partitioned collaborative space shared
between teachers and students, where teachers are authorized to insert and edit
instructions and students are authorized to gather data, results, and findings generated
from the instructed tasks.
As shown, different kinds of resources and information may be stored in the
laboratory notebook including documents, data tables, and simulation or application
states. As designed, research resources and information are initially identified and
collected on the workbench, but then transferred to and assembled in the laboratory
notebook. In this capacity, the laboratory notebook may be viewed as a structured
mechanism for documenting and managing research results and findings. Some of the
features of the laboratory notebook design include:
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Figure 8-11. A developer’s design of an electronic laboratory notebook
showing an on-line, shared assignment. Design was produced during the
framework development stage.
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•

Salient, collaborative space for reflection

•

On-line electronic assignment

•

Collaborative use of assignment

•

On-line instructions or task sets

•

Permissions and editing rules for different areas of the instruction set

•

Collection of research data, results, and findings

•

Structured organization and management of documents, data tables, and
application states

•

Coordinated use with electronic workbench

In Figure 8-12, more details of the electronic laboratory notebook are elaborated.
Similar to Figure 8-9, an assignment is partitioned into different sections in the laboratory
notebook. The notebook provides tabs to provide easy random access to the different
sections. The content of the notebook in Figure 8-12 illustrates an on-line problem set
that is associated with the current assignment. The problem set is a section of the
laboratory notebook. Problem sets were a recurring concept in the teachers’ and
students’ designs. As in Figure 8-4, the assignment provides a problem set that is
generated by teachers and filled in by students. As such, the problem set represents a
partitioned collaborative space between teachers and students where teachers are
authorized to insert and edit questions and students are authorized to complete and edit
answers to those questions. Among the features of the laboratory notebook include:
•

Salient, collaborative space for reflection

•

On-line electronic assignment

•

Collaborative use of assignment

•

Outline structure of assignment

•

Partitioning of sections in assignment

•

Interactive problem set for students and teachers

•

Permissions and editing rules for individual sections and problem sets

•

Tabs provide random access to different sections of notebook.
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Figure 8-12. A developer’s design of an electronic laboratory notebook
with sections and an interactive, on-line problem set. Design was
produced during the framework development stage.
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To provide diversified search capabilities, the developers designed a variety of
general search mechanisms. Four of these search mechanism designs are presented in
Figure 8-13. The first design on the top left allows the student to search for scientific
resources along predefined categories such as people, places, projects, and tools. The

Figure 8-13. A developer’s designs of different kinds of search utilities
that search by predefined categories, user-defined categories, topical
rooms, and creation time. Designs were produced during the framework
development stage.
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objective is to allow teachers to narrow the search parameters for students such that they
are not required to conduct broad searches that return massive amounts of information.
The second search mechanism on the top right provides students greater control and
access to different search granularities by allowing them to set some of the search
parameters along specific categories. The third search mechanism at the bottom right
supports a spatial search mechanism where information and objects are stored and
organized visually and spatially in virtual rooms. The specific organization across rooms
may be by subjects, projects, classes, or students. The search mechanism on the bottom
left provides a temporal search where information and objects are laid out across a
creation timeline. Students conduct searches by recalling the approximate dates and
times that information, resources, or objects were generated. The purpose of
implementing multiple search mechanisms is to provide students different strategies for
searching and mining information and resources, so as to accommodate the current needs
and state of the scientific investigation as well as suit individual learning styles and skills.
The key design features across the collection of search mechanisms include:
•

search by predefined categories,

•

search by user-specified parameters,

•

search by spatial organization,

•

search by creation time, and

•

multiple search mechanisms to support different searching strategies.

Figure 8-14 presents a developer’s view of the main screen to the Virtual School.
The electronic workbench and laboratory notebook are instantiated on the screen. A set
of pull-down menus available at the top of the screen provides access to the full
functionality of the Virtual School. Among the capabilities that the environment may
provide include various options related to the project, communications, text generation
and management, research tools, and data analysis. At the lower left hand corner, the
group menu box houses avatars for individual project members. An avatar is highlighted
if its corresponding member is on-line and available for collaboration. Through a pop-up
menu, a student may initiate communications with remote students using standard CMC
mechanisms such as e-mail, text chat, audio conferencing, and video conferencing. In the
281

lower right hand corner, a “Things to Do” box contains a set of common tasks that is
relevant to the current assignment or project. The “Things to Do” box may be prepopulated by the teacher or populated by students during the course of experimentation.
Among the design features of the learning environment include:
•

Set of pull-down menus providing access to the full functionality of the
Virtual School

•

“Group Members” box

•

Highlighted on-line status of group members

•

Student selection of communication mechanism

•

Configurable “Things to Do” box

Figure 8-14. A developer’s design of the main screen to the Virtual
School. Design was produced during the framework development stage.
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The screen of Figure 8-15 demonstrates project-wide messaging and modification
tracking capabilities. The message box allows students to leave messages to one another
as they work independently on different aspects or areas of a collaborative assignment. It
represents an asynchronous form of communications that may be used to coordinate the
activities of collaborating students or provide feedback from teachers or other reviewers.
The modification box is basically a history mechanism that automatically captures the
high-level activities of group members over time. It is intended to provide students status
information on the current assignment or project. When students log in and view the
modification box, they quickly find the activities that had been conducted by other group
members since they last entered into the Virtual School. The modification box provides
valuable and necessary information and context that is essential to the asynchronous
completion of an assignment. The key features of the user interface design in Figure 8-15
include:

8.3

•

Asynchronous message box

•

Interactive message space for students, teachers, and reviewers

•

Independent execution and completion of on-line assignment

•

Automated history mechanism (a.k.a. modification box)

Framework Contextualization

During the framework contextualization stage, focus and control returned back to
teachers. Through computer-based prototyping tools such as Macromedia Director and
other computer-based drawing packages, the user interface designs generated by
developers were transformed into computer-generated templates or outline screens. As
shown in Figure 8-16, the templates were essentially frames consisting of various base
components or tools of the collaborative learning environment under design. Pedagogical
content previously associated with those components or tools was deliberately discarded.
Teachers would then apply the base components in the context of their own practice by
filling in the templates with their own educational content.
For the most part, the basic features of the developers’ designs remained intact in
the contextualized designs produced by the teachers. The teachers used the developers’
designs as a framework from which to specify additional pedagogically-oriented design
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Figure 8-15. A developer’s design of a message and modification box for
managing and relaying student messages and changes. Design was
produced during the framework development stage.
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features. To limit redundancy, we describe the new features that teachers introduced in
their contextualized designs while assuming that the framework elements presented in the
previous section persisted in the current designs.

Figure 8-16. Computer-based templates used during the framework
contextualization stage.

Figure 8-17 shows the electronic workbench containing a block and plane
simulation linked to a graphing application. The screen is consistent with the developer’s
design of the application linking capability as shown in Figure 8-10. In addition, the new
electronic workbench enables students to annotate applications and application networks
with free-form comments or notes.
Figure 8-18 shows another view of the electronic workbench as a space to manage
simulations, applications, and data sets. On the user interface screen, these resources are
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Figure 8-17. A teacher’s design of an electronic workbench with
networked applications. Design was produced during the framework
contextualization stage.
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Figure 8-18. A teacher’s design of an electronic workbench with
iconified applications and individual and group folders. Design was
produced during the framework contextualization stage.
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shown in iconified states. The ability to iconify simulations, applications, and data sets,
was previously specified by developers in the initial framework development designs (see
Figure 8-10). The screen also presents a set of folders in the lower-left-hand corner for
which collections of workbench elements may be placed. The individual folders provide
a way to partition research materials and resources such that individuals may work
independently on assigned or personal tasks. The group folder represents a collaborative
space to which group members may transfer and share research materials and resources
from their personal folders. The personal and group folders were new features of the
Virtual School that were introduced by the teachers.
In Figure 8-19, the teachers’ design of the new “Things to Do” box reflect minor
changes from the developers’ version (see Figure 8-14). In the teachers’ design, the
objects in the box were labeled with active terms or phrases describing the underlying
tasks associated with the objects or resources. In the developers’ view, the icons were
initially labeled with passive names or titles (see Figure 8-14). Teachers instituted this
change because they felt that students would be more likely to comprehend the function
and use of a tool by the tasks it performs rather than by its abstract name or type.
Furthermore, students may be able to better align the functions or tasks with the explicit
instructions or steps of the assignment or project.
The teachers also refined some of the developer’s general search mechanisms as
previously described in Figure 8-13. Using a blank search window, the teachers defined
a set of predefined categories they found to be useful and desirable for a search. As
presented in the search tool of Figure 8-20, the designed search categories were people,
projects, groups, resources, workplaces, and labs. This set of search categories identified
those search criteria that teachers found to be most important for the assignments and
projects.
Figure 8-21 illustrates a second search mechanism centered on the concept of
spatial rooms (see Figure 8-13). In this case, the teachers organized the different rooms
as laboratories that focused on different science topics as opposed to different school
subjects. The organization was reasoned to be useful for students working on projects
that had corresponding or similar main topics. As shown, the laboratories provided
access to various resources including remote collaborators, simulations, applications,
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articles, documents, URLs, and assignments. Guest books in the various laboratories
were also designed to provide either a voluntary or automatic record of students entering
and exiting a virtual room. Through these guest books, teachers may monitor the usage
of laboratory resources as well as the activity of individual students. Thus, the design of
the spatial laboratory offers the following new features:
•

Focus on different class topics as opposed to scientific fields (e.g., chemistry,
physics, etc.).

•

Access to remote resources such as collaborators, simulations, applications,
articles, documents, URLs, and assignments.

•

Guest book for collecting and monitoring visitor activities and resource usage
in a virtual laboratory.

Figure 8-19. A teacher’s design of a task or “Things to Do” box. Design
was produced during the framework contextualization stage.

As previously described in Section 7.4.5, the framework contextualization stage
occurred at a time when the teachers were shifting the emphasis of collaborative activities
from short-term assignments to long-term projects. As a result of this shift, the teachers
evolved the use of the electronic laboratory notebook to enable students and groups to

289

Figure 8-20. A teacher’s design of a general search mechanism for
locating different kinds of resources. Design was produced during the
framework contextualization stage.
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Figure 8-21. A teacher’s design of a spatial search mechanism based on
topical virtual laboratories. Design was produced during the framework
contextualization stage.

better develop and manage scientific projects. For instance, the left side of Figure 8-22
presents a laboratory notebook page containing a research outline, which is used to
organize and scope the content of a project. The teachers emphasized the importance of
research outlines as representations of experimental design that students needed to
effectively develop in order to be successful on the project. In the teachers’ design,
students evolve the research outline by adding and deleting sections. Using the research
outline, students may easily navigate to the different sections of the laboratory notebook.
Beyond the research outline, the teachers also explored other conceptual mechanisms for
capturing experimental design such as storyboarding and concept mapping (right image
of Figure 8-22). Storyboarding presents the research topic as a series of images or frames
to tell a story, while concept maps present the structure of a research project in a
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diagrammatical form. Among the additional features introduced by teachers in the design
of a new laboratory notebook include:
•

Experimental design capabilities

•

Research outline development and navigation

•

Concept mapping

Figure 8-22. Two teachers’ designs of experimental design models in the
electronic laboratory notebook for defining the structure of a project.
The shown experimental design models are a research outline and a
concept map. Designs were produced during the framework
contextualization stage.

Figure 8-23 describes the use of the electronic laboratory notebook by teachers for
student evaluation and grading. As a highly accessible medium, students’ notebooks may
be reviewed by teachers at any point during a project. Teachers may elect to conduct
continuous evaluation during the course of a project by routinely reviewing an
individual’s or group’s laboratory notebook. The design of the notebook page in Figure
8-23 presents a computer-based annotation capability that is analogous to the way that
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Figure 8-23. A teacher’s design of a teacher-annotated page in the
electronic laboratory notebook. Design was produced during the
framework contextualization stage.
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teachers annotate paper homework assignments and laboratory notebooks. Using the
annotation mechanism, the teacher may highlight or mark sections of a page and type
comments on top of the existing content of a notebook page. In this way, the notebook
becomes a shared interaction space not only among students but also between teachers
and students. New design features include:
•

Free-form annotation

•

Shared interaction space between a teacher and a group

Figure 8-24 illustrates two additional evaluation functions in the laboratory
notebook as designed by teachers. At the left of the figure, the milestones page
documents the set of deadlines for the project. The milestones provide a way for both the
teacher and students to verify a project’s progress. In addition, the milestones may be
defined by the teacher or by the students with the teacher’s approval. To the right of the
figure, the grading rubric breaks down the grading criteria for the project. The rubric
may be made available to students at the start of a project to provide the students
guidance in determining what aspects of the project merit the greatest attention and
devotion of effort. To assist in the calculation of a score, the rubric would tally and
verify the final score on behalf of the teacher. Among the added features of the two
evaluation tool designs include:
•

Project milestones

•

Grading rubric

•

Automatic score tally and verification

•

Shared interaction space between teacher and group

The teachers also evolved the design of the laboratory notebook to provide project
information to students outside of the group. Figure 8-25 presents a project topics section
that is shared across the notebooks of individual students and groups. The teachers
developed the idea that students may maintain both group and personal laboratory
notebooks. As we have so far described, the group notebook is applied primarily to
capture project work. On the other hand, the personal notebook is similar to the science
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journals that students maintain yearlong to capture their personal notes, comments, and
views from lesson to lesson and project to project.

Figure 8-24. Two teachers’ designs of milestones and grading rubric
pages in the electronic laboratory notebook. Designs were produced
during the framework contextualization stage.

The project topics screen of Figure 8-25 was designed for the purpose of forming
groups and selecting topics for projects. The screen shows a list of topics that have
currently been defined by the teacher and/or students of the class. Students may add
topics directly to the list or may be required to submit an email request to the teacher.
From the interface, students may bring up a more detailed description of each topic.
Once groups have been formed, they then may select a topic or set of topics on which to
work. The teacher examines student selections and makes assignments to project groups
based on some criteria. Among the noteworthy features of the project topics list include:
•

Interactive space for all students

•

Dynamic list of project topics as defined by teacher and/or students

•

Interactive student selection of project topic(s)

•

Teacher-reviewed formation of project groups
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Figure 8-25. A teacher’s design of an interactive class topics pages for
sharing and selecting project topics. Design was produced during the
framework contextualization stage.
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8.4

Constraint Resolution

Resolution between the latest designs of the developers and teachers typically
involved only minor modification as the designs converged towards a consensus view. In
this section, we highlight the modified features of the final designs of specific user
interface screens. Figure 8-26 presents the consensus design of the main screen of the
Virtual School. A video conferencing session is shown on the screen between local
groups at two different schools. A minor modification to previous designs is the
placement of the “Things to Do” and “Group Members” boxes at consistent locations at
the top of the screen.

Figure 8-26. A consensus design of the main screen to the Virtual
School. Design was produced during the constraint resolution stage.

Another notable addition is the bookshelf shown at the right of the screen. As
described in the previous section, students and groups work on a variety of projects
throughout the school year and each project may be associated with a different electronic
laboratory notebook. A bookshelf was designed as a standard location to place and
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manage a set of electronic laboratory notebooks. In Figure 8-26, the bookshelf holds the
set of project laboratory notebooks for the entire group. For individual students, a second
shelf may also be available to hold personal laboratory notebooks. Among the added
features shown in Figure 8-26 include:
•

Consistent location for “Things to Do” box

•

Consistent location for “Group Members” box

•

Bookshelf for holding and managing project notebooks

Figure 8-27 presents the consensus design of the electronic laboratory notebook.
Like the main screen of the Virtual School, the final laboratory notebook design placed a
“Things to Do” box in the upper left hand corner of the notebook to provide rapid access
to common notebook tasks. Instead of individual and group folders on the workbench as
previously designed (see Figure 8-18), the final Virtual School design extended the
workbench concept to support both individual and group workspaces. Since the
laboratory notebook was intended to be used as a medium for representing and managing
projects, individual and group workbenches may logically be linked to the laboratory
notebook as workspaces for the project. Thus, icons for accessing the different
workbenches were attached to the notebook through a “Workbench” box at the upper left
hand corner of the notebook window.
The notebook in Figure 8-27 contains an example problem set that is similar to
those of previous designs. The interface also presents a general annotation capability that
allows teachers to mark up students’ and groups’ laboratory notebooks using a
transparent overlay. Students may toggle the visibility of the teacher’s annotation on to
view the teacher’s comments or toggle the visibility off so that they may correct or
modify the underlying notebook content. Overall, the additional features of the
consensus laboratory notebook include:
•

“Things to Do” box for common notebook tasks

•

Personal and group workbenches associated with the project

•

Annotation overlay that may be toggled on and off
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Figure 8-27. A consensus design of an interactive, on-line problem set in
the electronic laboratory notebook with teacher annotation. Design was
produced during the constraint resolution stage.
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Figure 8-28 presents the consensus design of the electronic workbench complete
with a simulation, graphing application, and textual annotations. In the final design,
teachers and developers recognized that some textual annotations could be unmanageably
long, so a scrollable note box was introduced. Another concern of the developers was
that a workbench could become cluttered and unmanageable as the number of inserted
objects grew. To alleviate this concern, a “Radar View” window was introduced that
would allow students to easily pan and resize the current view of the workbench through
direct manipulation.

Figure 8-28. A consensus design of an electronic workbench with a
radar view and support for constructing application networks. Design
was produced during the constraint resolution stage.

Finally, a couple of general interface mechanisms were added to allow some basic
transformation operations between workbench objects. For instance, as shown in Figure
8-28, a “Select Table” utility was introduced to allow students to store and retrieve
working data sets. Additionally, a “Select Field Color” utility was added to allow users
to define and pass color input parameters into graphing, drawing, and visualization tools.
Among the various features added to previous designs of the workbench include:
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•

Scrollable note box

•

Panning and zooming “Radar View” window

•

“Select Table” utility for saving and retrieving working data sets

•

“Select Field Color” utility for setting color input parameters to a graphing
tool

Figure 8-29 presents a representative set of consensus UI designs that emerged
from the final constraint resolution stage of our analysis and design process. The
consensus designs existed as a set of electronic drawings that served as the basis and
target for system design and development work. Over the course of a year, developers
utilized the UI screens as design representations in the development of the Virtual
School.
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Figure 8-29. Example windows from the user interface design of the
Virtual School.
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9

Capturing the Collaborative Learning Context
One of the touted benefits of participatory design is that it allows stakeholders to

better understand the work context and environment as well as incorporate this
understanding into the design of systems. Since the focus of the LiNC project is on the
development of a collaborative science learning environment, a participatory design
approach would ideally reveal understanding of the collaborative learning context and
environment established in middle and high school science classes. Educational software
systems are then designed and developed with this collaborative learning context and
environment in mind. These concepts underlie the first proposition of our hypothesis that
an appropriate participatory design approach will specify educational systems that
captures and incorporates the authentic learning, teaching, and classroom context (see
Section 1.1).
Up to this point, we have claimed that the learning context is captured and
embedded in various analysis and design representations such as domains, taxonomies,
paradigms, claims, scenarios, and user interface prototypes. Apart from these
representations, however, we have also captured properties of the collaborative learning
context more explicitly in the form of themes. Themes identify general patterns in user
behaviors. They are often cast as assertions that have a high degree of generality –
applicable to numerous situations and domains (Spradley, 1980). To illustrate, some
important themes that emerged from our case study include (Chin and Rosson, 2004):
•

Middle school teachers tend to teach scientific concepts (e.g., experiments,
demonstrations, class brainstorming, and role playing) in a variety of ways to
accommodate different learning styles.

•

Teaching styles of both middle and high school teachers blend didactic and
exploratory teaching approaches.

•

Students are most comfortable with common forms of science teaching such
as lectures and prescribed experiments.

•

For large groups of students working on an experiment, there is a tendency for
students to become “backgrounded” and uninvolved in the experiment.
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•

When collaborating using computers, limited computer tasks and input
devices exclude the participation of more students when compared to physical
experiments.

•

Students with dominant personalities often wield control over a group or a
collaboration by monopolizing the computer’s input devices.

•

Opportunities for real-time, synchronous interaction among remote
collaborators are severely limited due to unaligned class periods.

•

Complex tasks require richer forms of media (i.e., synchronous audio and
audio/video conferencing) that could provide spontaneous communications
and immediate feedback needed for close coordination.

Combined, a complete set of themes convey a rich picture of the overall educational
context and environment. Towards system development, we pay particular attention to
themes that have downstream consequences or impacts on the design of a system.
Themes were generated throughout our analysis and design process. Many of our
collected themes emerged directly from our observations in the classroom and interviews
with teachers and students. Various themes also emerged from ethnographic analysis as
we identified specific patterns and tendencies from within and across domains,
taxonomies, and paradigms. In addition, themes were extracted from scenarios in the
form of critical events and user and system behaviors. Finally, with claims, themes were
often associated with key or recurring consequences. It should not be surprising that
themes emerged from all facets of our analysis and design process since the methods we
employed were specifically designed to capture and describe work processes and context.
In this chapter, we elaborate various themes that emerged from our analysis and design
efforts.
Of the eight themes presented above, the first four emerged from our analysis of
learning activities and the classroom environment before the introduction of new
collaborative and educational technologies, while the latter four emerged after the
introduction of new technologies. Regardless, the same analysis and design techniques
were applied to garner both the non-technology and technology-based themes with the
difference being that collaborative and educational technologies become specific artifacts
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or tools with specific impacts and consequences in the latter educational setting. The preand post-analysis of themes allowed us to first identify and examine the critical attributes
of collaborative learning and then to explore how those attributes change with the
introduction of technologies. Overall, we wished to investigate and characterize the wide
range of collaborative learning behaviors that students carry out in the science classroom
before and after collaborative and educational technologies are made available.
9.1 Collaborative Learning Themes

In this section, we present important themes that emerged from our analysis of
student collaboration and learning that occurred in the traditional science classroom. The
themes highlight critical aspects or factors of the collaborative learning context and
environment before the introduction of collaborative technologies (Chin and Rosson,
2004). Table 9-1 summarizes these initial factors and their specific impacts on
collaborative learning. The collaboration factors and their associated impacts are
described more fully in the following sections.
9.1.1

Tasks and Group Size

The size of a group influences its level of collaboration. The optimal size of a
group depends largely on the complexity and duration of the shared activity. More
complicated and lengthy activities demand larger group sizes. On the other hand, every
experiment and project has a limited number of tasks and roles. If a group is too large to
allow each member to participate in the experiment or project in a significant way, some
group members will feel and act excluded. The ability to coordinate and manage group
work also becomes more difficult as group size increases. Given that teachers often have
difficulties managing large, unruly classes, imagine the frustrations that students (who
have very limited experience in managing student and group interaction) face when they
try to manage their peers within large groups.
The work that students divided amongst themselves was usually comprised of
physical tasks. For example, as students assembled laboratory equipment, different group
members might assemble different parts of the overall experimental apparatus. As
students executed experiments, different students would be responsible for different
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physical operations such as manipulating controls, working measurement devices, and
taking times from a stopwatch. Mental tasks such as developing theories, troubleshooting
errors, and analyzing results were seen primarily as collaborative tasks that could not be
partitioned and required the collective effort and brainstorming of the entire group.
Table 9-1. Collaboration factors and their specific impacts on
collaborative learning.
Collaboration Factor
Tasks and group size

Aptitude mix
Gender mix

Leadership styles
Group familiarity
Group conformity
Teaching styles

Classroom
environment
Collaboration skills

Student effort and
involvement

9.1.2

Impacts on Collaborative Learning
Large groups cause individuals to feel excluded and make group management
difficult; physical tasks can be easily partitioned; mental tasks often require
collective effort
Weak students defer leadership in general; strong students defer leadership to
“top” students
Middle school students avoid mixed-gender groups, but mixed-gender high
school groups are the norm; in mixed groups, leader for middle school likely to
be male but not for high school; students are influenced by social
preconceptions
Dictator who pushes personal agenda; peacemaker who leads by seeking
consensus; anarchy where no single person leads
Friendship assists in directed groups but interferes in group without direction;
unfamiliarity makes initial collaboration tentative and restrained
Members in minority (e.g., by gender, personality, etc.) take on characteristics
of those in majority
Didactic style encourages procedure-oriented collaboration; discovery style
encourages exploratory collaboration; didactic style supports knowledge
provider – consumer relationship between teacher and student; discovery style
supports researcher – facilitator relationship between teacher and student
Noise, class composition, time of day, physical arrangements place constraints
(raise opportunities) for collaboration
Middle school student recruit individual social interaction skills to guide
collaboration; high school students have more refined collaboration skills; high
school teachers place greater emphasis on developing collaboration skills
Dependent tasks and specific roles may motivate group members to contribute
individual effort; students are motivated when learning activities are relevant to
the real-world

Aptitude Mix

A variety of factors that affect collaboration are associated with the composition
of the group (Doise and Mugny, 1984; Hoyles et al., 1994; Lee, 1993). For example, we
found that for groups having large mismatches in aptitudes, weaker students would often
defer leadership and control of an experiment to stronger students. During experiments,
weaker students would often stand idle and wait for direction from another group
member.
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In some cases, even a strong student may become passive if other students in the
same group were perceived as stronger. For instance, in one classroom, a capable and
high-verbal female student was observed to frequently assume a leadership role within
groups. On one particular project, however, this student was assigned to a group that
included a male student known to be the “top” student in the class. Under this
arrangement, the normally assertive female student yielded all direction and power to the
perceived stronger male student. She became quiet and passive in her interactions with
the group, despite the teacher’s indication that she was every bit as capable as the leading
male student was. We initially thought that this episode was motivated by an underlying
gender issue, but later discounted this theory, because this student took leadership roles in
other groups that included male students.
9.1.3

Gender Mix

Another variable of group composition is gender mix. A popular educational
research area is the study of gender and its effects on learning and group interaction
(Fennema and Leder, 1990; Lee, 1993; Underwood et al., 1994). In the case of middle
school students, gender had noticeable bearing on group formation. We observed middle
school students as they organized themselves into groups to run a specific experiment.
Students were free to organize into their own groups. Of the 20 resulting groups, only
one contained both male and female students (two male students and one female student).
In this particular case, the female student and one of the male students of the group
happened to be close childhood friends. During interpretation of videotapes, middle
school students consistently explained that they selected friends when forming groups,
and that their friends were generally of the same gender. Middle school teachers
sometimes attempted to break gender patterns by assigning students to groups.
In contrast, the high school science classes had mixed-gender groups as the norm.
For one experiment we observed, there were nine groups formed by the students - seven
were mixed-gender, one was all male, and the other all female. Like middle school
students, many of the high school students entered into groups with friends. Unlike
middle school students, however, high school students are not always familiar with other
students in their physics courses. This is true especially for the urban high school
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participating in our study, where teachers and students remarked on the large school
population, the presence of a large number of transfer students, and the intermixing of
sophomore, junior, and senior students in science courses.
During group formation, high school students with no friends in class often asked
other students who happened to be sitting nearby to join a group. Thus, the formation of
mixed-gender groups may partially be traced simply to the random placement of students
in the physical classroom. Contrarily, this factor was not as visible at the other high
school participating in our study. The second high school was located in a rural setting
and had a student population that was only a fraction of that of the urban high school.
Specifically, the rural high school drew approximately 265 students, while the urban high
school drew approximately 1125 students. In general, students in the rural high school
physics courses generally knew one another from previous courses or other school
activities.
The prevalence of mixed-gender high school groups may also be a reflection of
the higher maturity level of high school students and the greater likelihood for high
school students to have friends and acquaintances of the opposite gender. During
analysis, most high school students confirmed that they had close friends of both genders.
High school teachers tended not to assign students to groups, apparently because they
were satisfied with the diversity (including the gender distribution) of the self-selected
groups.
Aside from group formation, gender has specific consequences on individual
interactions within a group. In one classroom exercise, a middle school teacher assigned
students into groups to balance gender, skills, and personalities. For mixed-gender
groups, the student who emerged as the leader tended to be male. We identified the
leader(s) of a group to be the student(s) who usually managed the experimental process
that the group followed, directed the actions of other group members, and operated the
key physical controls or equipment involved in an experiment. Across 12 mixed-gender
groups in two different middle school classrooms, eight groups had male leaders, two had
a male and female sharing the role, and two had female leaders.
Among the mixed-gender high school groups, the leaders of the groups were
equally likely to be male or female. Among seven mixed-gender groups conducting a
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particular high school physics exercise, we found that five male and five female students
either assumed or shared leadership positions within their groups.
While the leaders played active roles within their groups, all groups also had
passive students who minimally participated in the exercise or contributed only when
instructed by other team members. These more passive students tended to be female. To
illustrate, we attempted to identify the most passive student of a mixed-gender group by
finding the team member who had the least number of comments and carried out the least
number of actions relevant to the science exercise. Of seven mixed-gender high school
groups, female students were the most passive members in five of the groups. Of 12
mixed-gender middle school groups, female students were the most passive members in
ten of the groups.
One possible explanation for the passivity of female students emerged from
students’ interviews. A recurrent view was that male students are more mechanically
inclined than female students, and are better suited to run experiments that involve
physical lab equipment. An orthogonal view was that female students are more verbal
and adept at writing than male students. As a result, female students were sometimes
relegated to the role of “scribe” within a group.
These roles are clearly illustrated in our observations of one high school physics
group consisting of two male students and one female student. The group was working
on a two-part assignment that required running and analyzing a physical experiment, and
solving a set of textbook problems unrelated to the experiment. The group was allowed
to organize the work as they saw fit. In this case, the two male students worked together
on the experiment, while the female student worked in isolation on the problem set.
When we inquired about this partition of tasks, each of these three students said that the
two males were more skilled at running experiments, while the female student was the
better writer of the group. At the same time, all three students judged that males and
females are equally capable of doing science in general. Incidentally, this particular
female student went on to be the valedictorian of that year’s senior class.
Some of the teachers believe that students are still subject to social preconceptions
of gender and science. They have suggested that the stereotype that “only boys grow up
to be scientists” is still ingrained in the fabric of society. The middle school teachers see
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this expectation reflected in the lack of motivation and sense of futility among some of
their female students. The high school teachers see this expectation reflected in the low
ratio of female to male students who elect to take their science courses.
9.1.4

Student Personalities

Students’ personalities also affect how they interact with others. We have
observed three kinds of student collaborators. The leader controls and directs the
experiment. In interviews, teachers and students characterized group leaders as outgoing,
focused, forceful, opinionated, vocal, and organized. The follower, in direct contrast,
takes direction from others. Followers may be sociable towards other students, but are
rarely vocal in class. The bystander often remains uninvolved in a collaboration or
experiment. Bystanders are known to be either timid or indifferent.
9.1.5

Leadership Styles

The leader has tremendous impact on the functioning of a group (Bikson and
Eveland, 1990; Linde, 1988; Smith et al., 1982). We observed a variety of leadership
styles and their consequent effects on collaboration. One breed of leader adamantly
pushes through an agenda without considering input from others in the group. We call
this kind of leader the dictator, because the leader often suppresses collaboration to
maintain control. In contrast, the peacemaker leads by seeking consensus, encouraging
collaboration among group members by continually polling colleagues for their views.
Some groups do not seem to have a clear leader but are rather led by anarchy. In such
groups, collaboration will sometimes flow effortlessly as members view each other as
peers. In other cases, however, problems in decision-making arise when no one person
has the power to make a final decision or resolution. Shared (or absent) leadership was
most common among larger groups consisting of four or more students.
9.1.6

Group Familiarity

Students’ familiarity with one another affects their collaboration. As one might
expect, close friends are comfortable and uninhibited in their conversations and
interactions. If a group is task-oriented, such conditions often lead to productive
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collaboration. If a group is unfocused or unmotivated, however, close friends may lead
one another astray. When students are unfamiliar with one another, collaboration often
seems tentative and restrained as students discover one another’s skills and working style.
Over time, though, the collaboration becomes more effortless and efficient.
9.1.7

Group Conformity

Group conformity also impacts student collaboration. In general, students tend to
possess a “follow the herd” mentality. For example, three unruly and disruptive middle
school students (two male and one female student) were teamed up with a quiet and
unassuming female student for an experiment. As a result, the normally quiet female
student became distracted and unfocused. Following the lead of her group members, she
played with the laboratory equipment and put little effort into completing the experiment.
In another case, a middle school teacher placed an unruly and disruptive female student
into a group with two well-mannered and focused female students. The normally unruly
student was temperate, attentive, and productive in her work as she actively collaborated
with her teammates.
9.1.8

Teaching Styles

Teachers vary considerably in their pedagogical theories and approaches, and we
observed that teaching style (as self-professed by the four teachers in our study) carries
consequences for students’ collaborative skills and practices. Two of the four teachers
told us that they follow a traditional, didactic style of instruction (Gagne, 1985; Gagne,
1987; Thorndike, 1932). They rely heavily on lecture, drill, practice, and reinforcement,
as they convey established science theories, concepts, and formulas to their students. In
these classes, students use experiments to confirm and reiterate concepts presented during
lecture. The other two teachers described a discovery-based teaching style (Resnick and
Chi, 1988; Shulman and Kieslar, 1966; Suchman, 1961). They encourage students to
develop their own science concepts and theories through a process of inquiry and
problem solving.
The difference between these two teaching styles is illustrated in a pair of middle
school physical science assignments on waves. In one class, the teacher using a didactic
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style of teaching began with a lecture on the various properties (e.g., wavelength and
frequency) and classes (e.g., longitudinal and transverse) of waves. After the lecture, the
students were given mechanical slinkies to recreate standard wave types and observe the
expected properties. In the other class, the teacher encouraged her students to build their
own concepts of waves using their own terms and their own personal experiences. For
example, during class brainstorming, students identified and described waves they had
encountered in their normal lives (e.g., at the ocean and in the football stadium). These
students were also given mechanical slinkies, but for the purpose of generating and
describing different kinds of waves using their own language and experimental processes.
Different teaching styles encourage different sorts of student collaboration.
Didactic learning is relatively structured and predictable. It leads to a procedure-oriented
form of collaboration, where students work together to follow a process. Students also
collaborate to explore and investigate ideas and hypotheses, but within a guiding
structure that helps lead them to an appropriate solution. In contrast, discovery learning
is exploratory and unpredictable. It leads to a more open-ended collaboration where
students devote much more effort to conceptualization, brainstorming, and trying things
out. The focus is less on the final conclusions and results of an investigation, but rather
on the problem-solving process of the students in reaching their conclusions and results.
Teaching styles also affect the collaboration between teachers and students.
Didactic teaching establishes a knowledge provider–consumer relationship between
teacher and student. The teacher provides information and instruction, while the student
consumes the information and follows directions. In contrast, discovery learning
establishes a facilitator-explorer relationship. Instead of feeding the student with known
facts, the teacher engages the student in brainstorming and exploration to develop new
concepts and ideas. The goal of the teacher is not to impart the right answer, but rather to
facilitate the student’s ability to reach the right answer herself.
For the classroom exercises in waves, the discovery-based teacher designated 2
1/2 days of class time to the slinky exercise, while the didactic-based teacher designated a
single day. In discovery learning, the interaction between student and teacher requires
much more time, effort, and attention on the part of the teacher. Rather than guiding
students through a canonical experimentation process and line of reasoning, the teacher
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allows students to evolve ideas on their own. The teacher works closely with individual
students and groups to comprehend and cultivate their particular views, dispositions, and
problem-solving processes. The teacher’s ability to provide customized personal
attention is crucial to the effectiveness of discovery learning.
9.1.9

Classroom Environment

The classroom environment also affects collaboration. Noise level, class
composition, time of day, furniture and furniture layout, and laboratory equipment may
all affect collaborative behavior. For example, some classrooms have no large tables or
workbenches, which poses a problem when students need a fixed, bounded space to set
up and share equipment. Furthermore, last period classes tend to be more unfocused and
less willing to collaborate because students are anxious to finish the school day. Each
classroom and set of students present a particular set of distractions and constraints that
impacts collaboration in a unique way.
9.1.10 Collaboration Skills

Collaboration is an inherent part of “doing science.” To be proficient at
collaboration, students need to develop an appropriate set of interpersonal and social
skills. As stressed by O’Malley (1995), we need to better comprehend and evolve the
processes involved in peer interaction to institute and support collaborative learning in
the classroom. Educators often neglect the importance of developing student
collaboration skills in their teaching. Correspondingly, students are often not even aware
that such skills are critical to science, or that they are learning and exercising these skills
when they work in groups (Cerratto and Belisle, 1995).
In middle school science groups, students’ collaboration skills are often a direct
extension of their social interaction skills. As mentioned earlier, groups often form
around sets of friends, with the result that group members collaborate in the learning
situation much like they would in a social setting. Friends are comfortable with each
other, and simply build on established personal interaction protocols. But pre-existing
friendships are less critical in the high school science classes, where students seem to
better appreciate what it means to work as a group. Among middle school groups

313

comprised of friends and others, interaction occurs almost entirely along friendship lines.
In high school groups, we observed group members (particularly the leaders) consciously
trying to bring the less familiar students into discussion and participation.
High school teachers also place greater emphasis on developing the collaborative
skills of their students, particularly among less familiar students, because the teachers
recognize that their students would likely collaborate with many outsiders in their college
science courses and future scientific careers. An important goal of high school teachers
is to prepare their students for college and their scientific professions beyond.
9.1.11 Student Effort and Involvement

Student effort and involvement in a collaborative learning activity is driven by a
myriad of factors such as student intentions, motivations, personalities, learning styles,
work habits, and group composition. In fact, all the factors discussed thus far will
influence the amount of energy a particular student invests into a collaboration. While a
full analysis of conditions contributing to a student’s effort and involvement is beyond
the scope of this paper, the teachers did share some of their strategies for improving their
students’ habits, motivations, effort, and involvement.
Salomon (1984) theorized that students exert greater energy and achieve greater
learning when they perceive their tasks to be difficult and to require a high level of effort
to succeed. Tasks that demand greater mental processing within a feasible range leave a
greater impression on students, and may increase retention and promote deeper learning.
In science education, the use of experiments builds on this premise, in that experiments
are often tasks that a single student cannot accomplish alone. Thus, teachers attempt to
design experiments that require the efforts of all group members, while also ensuring that
the work required is not beyond the combined capabilities and resources of the group.
Teachers sometimes use specific strategies to evoke a minimal level of
participation by all individuals in a group. For example, one teacher listed roles (e.g.,
initiator, timer, recorder, and leader) that groups were to dole out among their members.
Students were expected to rotate through different roles on different runs of the
experiment. By defining roles, this teacher decomposed the experiment into tasks that
required at least some involvement and effort from each group member. Teachers also
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sometimes grade the individual performances of students in a group to motivate group
members to apply more individual effort.
Teachers and students also reported that motivation is affected by the real-world
relevance of the learning activities. Students want their projects—whether collaborative
or not—to make sense from a scientific and experimental perspective. In our study, the
teachers worried that students would become suspicious of a learning activity if it seemed
contrived or artificial. Students confirmed this view during interviews. Subsequently,
the real-world relevance of collaborative activities became a cornerstone issue for our
subsequent design work.
9.2 Computer-Mediated Collaborative Learning Themes

Many of the factors influencing collaborative learning in the traditional science
classroom were modified or amplified by the introduction of collaborative technologies
(Chin and Rosson, 2004). In this section, we re-examine the themes we identified in
Section 9.1 to see how the earlier collaboration factors have changed or evolved. Table
9-2 summarizes the earlier collaboration factors and their new impacts on collaborative
learning that emerged with the introduction of collaborative technologies. Our
observation and analysis of computer-mediated collaborative learning activities also point
to a new set of factors influencing collaborative learning - factors that were not apparent
in the preliminary study of the traditional science classroom. Table 9-3 summarizes these
new collaboration factors and their specific impacts on computer-mediated collaborative
learning. The modified and new computer-mediated collaboration factors and their
associated impacts are described more fully in the following sections.
9.2.1

Tasks and Group Size

One limitation resulting from the use of the computer was a reduction in the
number of physical tasks available to students. Whereas classroom experiments provide
a variety of physical tasks for different students to perform (e.g., assembling equipment,
preparing solutions, operating equipment, and taking measurements), the computer offers
the single physical task of operating its input devices. Those students not operating the
computer are often backgrounded in the collaboration and research. To limit this
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backgrounding effect, teachers often try to limit the size of groups working on computers
to two or three students. Furthermore, the teachers would sometimes compensate for the
lack of physical tasks by having the students of a group rotate through the driver’s seat.
We designated the chair positioned immediately in front of the computer as the driver’s
seat, because the student who assumes this seat generally holds control of the computermediated activity. From this position, a student has full access to the keyboard, mouse,
and other input devices, and is seated in the center position as delivered to remote parties
by the video camera.
Table 9-2. Original collaboration factors and their specific impacts on
computer-mediated collaborative learning.
Collaboration Factor
Tasks and group size

Aptitude mix
Gender mix
Leadership styles

Group familiarity
Group conformity
Teaching styles

Classroom
environment
Collaboration skills
Student effort and
involvement

Impacts on Computer-Mediated Collaborative Learning
Limited physical computer tasks exclude some students from learning activity;
control of learning activity may be monopolized by computer operator;
collaboration limited to those students in control of computer’s input devices
Control of learning activity deferred to those with computer proficiency;
computer is equalizing force since most students are computer-proficient
Male students dominate use of computer; female students are less comfortable
with richer CMC mechanisms
Dominant personalities may wield control over group by monopolizing
computer; passive students may avoid interaction by sitting outside range of
camera; leader is more capable of imposing his/her will
Familiarity among remote group members is essential for fluid and effective
collaboration; unfamiliarity makes remote collaboration tentative and restrained
Inappropriate behavior may be reciprocated across a remote collaboration;
students feel less inhibited in their actions due to remoteness of collaborators
Different teaching styles promote different emphases on student collaboration;
in didactic learning, collaboration focuses on experimental process; in discovery
learning, collaboration focuses on brainstorming and analysis
Incongruent schedules lessen opportunities for synchronous communications;
combined synchronous and asynchronous communications provide flexible
access to remote collaborators; audio may be drowned out by classroom noise
Computers increase and amplify communication breakdowns; computers offer
diminished forms of communications
Computers limit engagement to single student at each location; students not
operating computer may become disassociated; lack of student evaluation
results in reduced student effort; students are motivated when collaborative
activities are relevant to the real-world

Sometimes, the students compensated for the lack of physical computer tasks
themselves. One approach that students frequently employed was to distribute the
physical tasks involved in computer operation. For example, one group of middle school
students assigned different input devices to different students - one student operated the
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keyboard, another the mouse, and a third the microphone. Parceling out the tasks in this
fashion may have been democratic, but it was also inefficient and unnatural. For
instance, the task of “operating” the microphone is superfluous, because the microphone
is designed to sit on top of the computer monitor and is capable of picking up sound from
a distance. Furthermore, separating control of mouse and keyboard is problematic,
because direct manipulation interfaces assume close coordination of these two input
devices. This became evident as the student controlling the mouse moved the mouse
cursor in and out of windows, and indeed all over the computer screen, often frustrating
the keyboard operator trying to type into particular windows. Nevertheless, the students
continued to operate under this division of labor because they believed it to be fair.
Table 9-3. Newfound collaboration factors and their specific impacts on
computer-mediated student collaboration.
Collaboration Factor
Technological
proficiency
Age differences

Student objectives

Class and time
management

Combined classes
Shared context

Media richness

Impacts on Computer-Mediated Collaboration
Students need familiarity with collaborative technology before they can
effectively apply it; technological proficiency may be developed through
repetitive use over time
Mentoring of middle school students by high school students seen worthwhile;
flirting between male high school students and female middle school students
distracts students from learning activities
Students may be unaware of assignment and objectives of remote collaborators;
lack of shared objectives introduce problems in establishing roles and
relationships among distributed group members
Limited computers require teachers to juggle simultaneous computer-based and
non-computer–based learning activities; teachers may leave students working on
computers unattended; communication and collaboration breakdowns may be
missed by teacher
Teachers typically do not share classes; curriculums and teachings styles may
clash; computer represents boundary of control and influence for teachers
Effective collaboration requires a shared context among students; if shared
context is limited, activities among remote students may become disconnected;
collaborative technology support the sharing of objects, actions, and activities
Not rich enough communication mechanisms impede progress of learning
activity; too rich communications mechanisms distract students from learning
activity; experiencing physical phenomenon requires richest media possible;
richer media is more engaging and motivating to students

During remote collaboration, the pragmatics of a driver’s seat reduces
collaboration between two locations to a single line of communication, with interactions
occurring primarily between the two students who occupy this position at their respective
locations. This creates a situation that is contradictory to our high-level goals and a
source of continual tension. An objective of CMC is to expand the potential number of
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collaborators by removing physical boundaries. Yet, the very mechanism we use for
CMC (i.e., a personal computer) effectively restricts the number of co-present team
members who play active roles in the collaboration. The driver’s seat is a concept we
invoke many times in our analysis. It provides revealing insights into a number of issues
including student effort, involvement, and motivation, and perceptions of differences in
aptitude, personality, and gender.
9.2.2

Aptitude Mix

The introduction of computers affected how individual aptitudes contributed to
group dynamics. The initial stage of our study had emphasized the influence of academic
reputation, but with computer-mediated activities, the leaders were more likely to be
those with a moderate to high level of computer proficiency. We documented a few
instances where relatively inexperienced computer users deferred control of a computermediated learning activity to a more seasoned computer user. This observation is
consistent with the data of Austin, Liker, and McLeod (1990), which found that the group
members most likely to take control of a technology are those most proficient with its
interface.
Interestingly, the importance of computer skills did not lead to any general
distinctions based on perceived computer expertise. To the contrary, computers seemed
to have an equalizing influence in the science classroom. To some extent, this may be
due to the general prevalence of computer experience among the students we studied. Of
280 students we surveyed, 225 had computers in their homes. Many students indicated
that their basic proficiency with computers made them feel more capable of carrying out
computer-mediated learning activities than traditional physical experiments. This
equalizing effect was also apparent in the competition among group members to take the
driver’s seat during activities. We saw a wide distribution of control, with group
members rotating through this coveted position more often than through the equivalent
control positions in physical experiments (i.e., operating lab equipment).
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9.2.3

Gender Mix

In interviews, several female students expressed a preference for text chat over
audio/video conferencing, while male students unanimously preferred audio/video
conferencing. The female students explained that they did not like seeing themselves in
the video window, and were often self-conscious about their appearance. Indeed, we had
previously noted that the students most likely to sit outside the range of the camera
during audio/video conferencing were female students. In one extreme case, a female
high school student using audio/video conferencing to mentor a group of middle school
students pointed the camera away from her and used only the microphone. As a result,
her middle school collaborators had a constant view of the high school science classroom
wall throughout the session! Consistent with the findings of Short, Williams, and
Christie (1976), we found that female students were generally much less comfortable
than males with richer CMC channels and the greater presence they project.
9.2.4

Leadership Style

Computer-mediated activities did not alleviate the strong influence of dominant
personalities in a group. In fact, we found that students with dominating personalities
could wield more control over their local collaborators by assuming the driver’s seat and
monopolizing the computer’s input devices. Since the computer constrains the possible
lines of communications, any one person has greater ability to control the contributions
coming from his location. At the same time, passive students find it easy to avoid all
interaction by simply staying outside the range of the camera, microphone, and keyboard.
In audio/video conferencing sessions, we observed timid students deliberately seating
themselves outside the camera’s view. As a result, student collaborators were often
unaware of the sizes and compositions of the other groups participating from remote
locations.
The limited communications channel provided by the computer also interacted
with student leadership efforts. The consolidation of power and control amplified the
actions of the leaders as well as the quality of the collaboration that resulted. Dictators
were able to gain greater control of the work and collaboration by monopolizing the
driver’s seat. Peacemakers, on the other hand, would continue to poll for input among
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other group members when in the driver’s seat. The behavior of group members was
contingent on the kind of leader who assumed the driver’s seat. If a dictator was in
control, group members often stood back and watched. If a peacemaker was in the
driver’s seat, other group members would more likely vocalize their opinions and made
specific contributions to the project.
9.2.5

Group Familiarity

From our observations, we found that familiarity has a strong effect on remote
collaboration. For some of the initial collaborative learning activities, students at
different schools generally did not know one another. During a collaborative session, the
conversation tended to be tentative and subdued. As the collaboration continued over
time, however, comfort and confidence grew as remote collaborators became better
acquainted. Unfortunately, many of the implemented collaborative activities were short
in duration, and collaborators were not always able to reach an effective level of comfort
and confidence.
Based on early exercises in computer-mediated collaboration, we concluded that
some familiarity among group members was essential for productive collaboration. As a
result, the teachers began setting aside time for social grounding in the collaborative
learning activities. For example, teachers sometimes planned an extra session at the
beginning of a collaborative learning activity, during which collaborators met over the
computer for the sole purpose of getting to know one another. The teachers also began
planning longer-term collaborations (e.g., projects carried out over several months),
where even more familiarization could take place and the time expended on social
grounding was easier to justify.
9.2.6

Group Conformity

We also continued to observe the influence of group conformity. For instance, we
found that rude and inappropriate behavior at one end of a remote connection was often
reciprocated at the opposite end. In one case, the male students from two different
schools entered into a debate over whose football team was the better one. The debate
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quickly degraded to a flurry of derogatory comments and gestures transmitted via the
audio, video, and whiteboard tools, as each group attempted to “one up” the other.
This episode raises the general issue of accountability. During analysis, both
teachers and students suggested that the interaction between remote groups might have
degraded in the above case because students felt immune to repercussions. Since
collaborating groups of students were separated by distance, co-located students felt less
inhibited in their behavior. Indeed, the students felt no physical threat associated with the
opposing group’s presence or remarks. The sense of remoteness and corresponding
untouchability escalated the contention between the collaborating students. High school
students who mentored middle school students also emphasized this point, arguing that
that some of the middle school students were deliberately disrespectful and disobedient
because they knew that their high school mentors could not physically confront or correct
their poor behavior.
9.2.7

Teaching Styles

The two different teaching styles we described earlier had interesting
consequences for computer-mediated collaboration. The didactic style, which relies more
on structured and predictable procedures, does not always work well with remote
collaboration. In a structured activity, students typically follow a prescribed
experimentation process, with individual students synchronizing their activities according
to the steps or stages of this process. We found that students often have difficulty
achieving and maintaining the required synchronization over the diminished
communications channels imposed by CMC tools.
In one example, groups from two different high schools collaborated on friction
experiments using the block-and-plane simulation. The students were asked to run the
simulation against different parameters listed in step-by-step instructions. The motive for
the collaboration was to allow students to explore a larger number of parameters, and to
draw more general conclusions based on pooled results. Since each remote group was
using its own individual copy of the simulation, however, the students could not view the
specific simulation activities of their remote collaborators. To compensate, the groups
narrated their actions over the audio channel as they worked through the simulation. This
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was both tedious and unnatural to students. As the students progressed through the
exercise, they often lost track of what their remote collaborators were doing because they
failed to keep abreast of the other group’s activities. In some cases, remote groups
simply abandoned the collaboration altogether and conducted the experiment on their
own, effectively circumventing the main objective of the collaborative learning exercise.
In a separate exercise utilizing a discovery learning approach, groups from two
middle schools were paired with one another to carry out friction experiments using the
block-and-plane simulation. In the middle school exercise, however, the students were
not introduced to formal friction concepts prior to the exercise, nor were they given
explicit instructions on which steps to take in the experiment or what parameters to test.
Rather, the students were instructed to “play” with the different parameters of the
simulation to see what effects they would have on the virtual block-and-plane. The
students were then to draw cause-and-effect relationships from their experimental
observations and results.
During this exercise, we observed that the paired groups typically did not work
through the simulation in a synchronized manner. Rather, localized groups would
execute the simulation separately in their own individual fashions. Later, the groups
would reconvene to share and analyze their collective results. In contrast to didactic
learning, remote collaboration was applied to facilitate brainstorming and analysis rather
than to coordinate parallel activities or procedures.
The implication from these distinctions is that some teaching styles may require
collaborative capabilities beyond those of basic CMC tools. For example, to support
didactic learning, one might envision computer-based tools that allow students to define,
organize, and guide their workflow or experimental process. To support discovery
learning, one might envision tools that support decision-making and collaborative
analysis and visualization. Beyond our rudimentary study of didactic and discovery
teaching, we would expect any prescribed teaching style to emphasize specific uses,
attributes, and requirements for collaboration.
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9.2.8

Classroom Environment

The introduction of the computer had profound effects on the classroom
environment. Many of these effects are associated with classroom and time management.
Computer-mediated collaboration imposes a variety of resource, time, and curriculum
management concerns on teaching and learning. For example, the four schools in our
study had independent class schedules. Two classes at different schools overlapped
anywhere from about 10 to 30 minutes. This meant that all synchronous communications
had to take place during a short time interval. Collaborators had to be very cognizant of
time and needed to give priority to those tasks for which real-time communications,
coordination, and collaboration were most critical (e.g., making decisions, negotiating
tasks, and running simulations and experiments).
Collaboration on long-term projects raised other issues and constraints. For
example, real-time interaction was critical for remote students during the early phases of
a project, as they analyzed the project assignment, set project goals, and defined and
assigned tasks. Once tasks had been partitioned, remote students often worked
independently but would get back together at key points in time to synchronize their
efforts. Students naturally employed synchronous communication tools (e.g.,
synchronous audio, audio/video conferencing, and text chat) to conduct these status
meetings. Through such tools, students could easily check and provide status, ask and
field questions, and issue general guidance. Since meetings tended to be somewhat ad
hoc, unscheduled, and non-time-critical, however, students found that asynchronous
communication tools (e.g., e-mail and bulletin boards) were also of tremendous benefit.
The asynchronous character of these tools allowed students to “meet” over an extended
period of time whenever it was relevant or convenient to do so. This provided a more
casual and less demanding way for students to collaborate, and relieved students from
having to worry about making the most of their time together. Ultimately, the blending
of synchronous and asynchronous collaboration was a critical feature of the long-term
projects, and one of the tangible benefits afforded by computers in the classroom.
Classroom noise also affects remote collaboration. In the classrooms of our
study, teachers would often assign and manage a mix of computer-based and noncomputer-based activities. For any given day, part of a class might be using the
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computers, with the remainder performing other classroom activities (e.g., executing
physical experiments, completing written assignments or tests, and developing
presentations). Consequently, the noise level of a science classroom is usually
moderately high as students converse and interact in a number of groups, and carry out
diverse, simultaneous learning activities.
Where students in a classroom may normally filter out background noise to focus
on their tasks, remote collaborators experience the full effect of the composite noise that
is transmitted through the computer’s audio system. The impact of a noisy classroom on
remote collaboration is that students using CMC tools will often have great difficulty
hearing and processing the speech of their collaborators. A standard solution was to
move the non-computer-related activities out of the classroom and into a hallway or
another classroom. This solution, however, was of great inconvenience to both teacher
and students—teachers had to find additional staff to monitor the physically-isolated
groups and the re-located students were removed from the resources of their classrooms.
9.2.9

Collaborative Skills

Many educational researchers lament the failure of traditional educational
approaches in teaching collaborative skills (Johnson and Johnson, 1991; O'Malley, 1995;
Roschelle, 1992). Ironically, this condition seems to be exacerbated by computermediated collaboration. Computers amplify breakdowns in communications by removing
or diminishing important communication cues that are present in face-to-face
collaboration. Numerous studies have reported the value of various kinds of social cues
and gestures in communications such as direction of gaze, facial expressions, body
language, and speech inflections (Birdwhistell, 1970; Short et al., 1976; Sproull And
Kiesler, 1986). These are cues we largely take for granted in our day-to-day, face-to-face
collaborations.
Computer systems and networks reduce the bandwidth of both verbal and
nonverbal communications, which leads to a greater incident of communication
breakdowns. We observed many instances of frustration when students were unable to
transmit or receive ideas, thoughts, and instructions across the network. These
breakdowns pose a tremendous challenge to computer-mediated collaborative learning.
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Given that developing collaborative skills is a formidable task for the traditional science
class, developing collaborative skills over a restricted communications medium makes
the task ever so more difficult.
9.2.10 Student Effort and Involvement

One consequence of computer-mediated learning activities is that the student’s
attention is often directed away from the world around them. This may reduce
motivation and effort if it causes the activities to seem less relevant to real-world
phenomena. For example, in the physical block-and-plane experiment, students can
directly experience the effects of friction as they watch a wooden block slide down a
wooden plane, hear the scraping of the block against the plane, and feel the heat imparted
to the bottom of the block and its path along the plane. In contrast, the block-and-plane
simulation graphically depicts a block moving down a plane, and provides numerical
readouts of temperature and friction data. To fully comprehend the physical
phenomenon, the student must be able to map these more abstract representations onto
her everyday experiences. Unfortunately, this gap is often too wide for students to
bridge. This is one of the reasons why the teachers in our study insist that computermediated learning activities are not to be employed standalone, but in support of other
traditional learning activities that fulfills more of the physical human senses.
9.2.11 Technological Proficiency

In the classrooms of our study, the computer represents a new form of
communication and instruction. Although most of the students in our study had
significant experience using computers, they had very limited experience with CMC tools
and other collaborative technologies. Thus, to become proficient in CMC-based
collaboration, the students needed to undergo a period of familiarization with the
technology. For example, when students were introduced to the use of microphones for
transmitting audio among remote collaborators, most of them extrapolated from their own
experiences and used the microphone much like they would use the mouthpiece of a
telephone receiver, holding it up to their mouths as they spoke. The microphones,
however, were designed to pick up sound from a short distance, and the audio tended to
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garble at the other end of a connection when the speaker held the microphone too closely
to her mouth. Over time, the students better understood the audio technology, and the
microphone was returned to its intended position on the computer monitor.
Students need time to develop proficiency with new collaborative technologies.
To gain the optimal benefit from such technologies in the classroom setting, teachers
believe that long-term, repetitive use should be designed into the curriculum. Perhaps, as
CSCW tools become more commonplace on personal computers, much of this adaptation
period may be eliminated. For the time being, however, the operation of and adjustment
to collaborative technology will remain a key enabling skill within the overall learning
process.
9.2.12 Age Differences

The mentoring activities between middle and high school students enabled the
mixing of students with significant age differences. In normal science classes, we did not
generally find middle and high school teachers collaborating on lessons or learning
activities, and thus, middle and high school classes were normally never joined. As such,
the mentoring activities represented a new experience for teachers and students. The
students participating in these mentoring activities enjoyed the experience and felt that
they were worthwhile.
We also observed some flirtation among high school males and middle school
females. In these instances, the conversation often devolved into a kind of courting and
playful taunting. These kinds of behavior often distracted the students from the task at
hand. In one example, a male high school student mentored a middle school group of one
male and three females. During a videoconferencing session, the three female students
crowded in front the computer, all within the visual field of the camera. The lone male
group member sat behind the female students and was removed from all conversations
with the mentor. Much of the interaction between the male high school student and the
three female middle school students was of a social or playful nature, as they talked about
familiar teachers and students, and placed snapshots of one another onto the whiteboard,
embellishing them with hats, mustaches, and cartoon balloons.
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9.2.13 Teacher and Student Objectives

In the various computer-mediated learning activities that were implemented on
the LiNC project, students often assumed that they shared the same assignment with their
remote collaborators. Due to differences in pedagogy, teacher styles, educational goals,
curricula, and schedules, however, this was hardly ever the case. For example, in a
collaborative learning exercise between the two high schools in our study, remote
students collaborated in the application of the block-and-plane simulation. For the
exercise, however, the students were given different instructions and objectives from
their respective teachers. One teacher saw the remote collaboration as a way for his
students to collect large amounts of data for analysis. Once the data were gathered, the
students were to analyze the data using a statistical analysis package. The other teacher
saw the collaborative exercise as an opportunity for his students to evolve and build
collaborative skills. His students were simply to reflect on and evaluate the effectiveness
of the collaboration in which they participated.
During the collaborative exercise, students incorrectly believed that they were all
working from the same assignment. This led to a perpetual air of confusion as one set of
students failed to understand why their remote collaborators were focusing so heavily on
the use of the simulation, while the other set could not understand why their remote
collaborators were so heavily focused on the CMC tools. For most groups, the
collaboration seemed to flounder, as students appeared mystified and unclear of the
requirements and objectives of their collaborators. These difficulties point to the need for
teachers to carefully coordinate (or clarify that there is no coordination) the assignments
of collaborating students.
Computer-mediated collaboration is motivating and effective when remote
collaborators are able to establish roles and relationships that depend on one another
(Markus and Connolly, 1990). Yet, to develop these relationships, students need a clear
vision and understanding of their local objectives, the objectives of the remote
collaborators, and the shared objectives that are critical to completing the collaborative
work. Furthermore, whether through sharing data, accessing equipment, or getting good
grades, students also need to know how they will benefit from one another through the
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computer-mediated collaboration. Under these guidelines, students may sufficiently
develop the proper context for effective collaboration to take place.
9.2.14 Class and Time Management

A common resource limitation among the classes in our study was that each
classroom had only 3-5 computers equipped for computer-mediated collaboration.
Teachers could not simultaneously place all groups on computers. Thus, teachers found
themselves developing and juggling multiple computer- and non-computer-based
activities, and rotating groups through computer stations. For any given lesson, only a
portion of a class was involved in remote collaboration activities, while the remainder
was involved in non-computer-based activities. The teachers found that planning and
implementing simultaneous activities were extremely demanding in terms of classroom
and curriculum management.
With diverse simultaneous activities taking place, the teacher was often not able
to monitor or provide guidance to all students. This was particularly evident when the
activities took place in different classrooms or physical locations of the school grounds.
From our observations, we found that students conducting computer-based activities were
often left unattended as the teacher worked more with other students conducting noncomputer-based activities. As a result, breakdowns in remote collaboration often went
undetected by the teacher.
9.2.15 Combined Classes

In general, the teachers in our study were not used to developing and sharing
learning activities with other teachers. In the development and deployment of a lesson,
these teachers were used to having the full flexibility and power to mold the lesson to the
objectives and requirements of their own curricula and teaching styles. When sharing
lessons across multiple classes, however, teachers’ objectives and requirements do not
precisely match. Indeed, on occasion, they outright clash.
As a result, an important issue became the development of activities that could
effectively address differing curricula and teaching styles. One strategy that teachers
explored was to create different lessons based on a shared activity, according to the
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specific objectives of the individual teachers. As we discussed earlier, multiple
assignments centered on the same collaborative learning activity may present some
difficulties, since the objectives of the students are different and possibly inconsistent.
Thus, students may not be fully aware of the goals and context of their remote
collaborators, which may lead to miscommunications and confusion.
The teachers also treated the computer as the boundary of their influence and
control. As students carried out collaborative exercises, teachers typically interacted with
and guided only their local students. The students at the other end of a connection were
seen as the responsibility of the other teacher. For example, during one middle school
collaboration, two students from another classroom began making derogatory remarks
that were heard over the audio channel by the local teacher and other local students.
Rather than confronting and admonishing these misbehaving students, the teacher
contacted the remote students working with a second group, asking them to summon their
teacher. She then informed the teacher at the other site of the students’ poor behavior,
and left it to the other teacher to decide how to reprimand and punish the misbehaving
students.
Teachers are careful not to infringe on the educational domains of their peers. As
a result, remote collaboration during exercises was generally limited to student
participants. In a different scenario, we can see teachers using collaborative technology
not only to facilitate learning activities among separate and distinct classes, but also to
expand the reach of a single teacher to a wider audience. Correspondingly, a noteworthy
issue that merits further study is whether teachers can directly and effectively instruct
remote students over networked computers.
9.2.16 Shared Context

In face-to-face interaction, the quality of having a shared context is transparent to
students. Students in a shared physical space observe the same events, hear the same
sounds, and experience the same effects. Of course, problems may arise if a student fails
to capture an event, sound, or effect. All of a sudden, the student no longer shares the
same cognitive context as other students, and this may lead to temporary
miscommunications and confusion as the student tries to re-establish what was missed.
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In our study, the remote collaboration exercises highlighted the need for providing
a shared context among remote students. As we described in a previous example,
students were often frustrated with the block-and-plane simulation because remote
students had access to different copies of the simulation, and thus, they could not
simultaneously operate the same learning tool. Rather, the remote students operated their
simulations in separate contexts. In many cases, the collaboration among remote students
would slow to a trickle as the students concentrated on their separate and disconnected
learning activities.
Collaborative technology may be viewed as mechanisms to provide physicallyseparated students with a shared context. For example, CMC tools allow students to
share conversation. Collaborative applications allow students to view and manipulate the
same software tools. In a sense, collaborative applications behave as computer-based
instruments of an experiment (e.g., simulations) that are shared much like physical
laboratory equipment is shared. Telepointers allow students to share spatial context as
students point and gesture over areas of the computer screen. These basic collaborative
tools offer students many of the same shared media that they take for granted in the
classroom. In other instances, networked computers actually enhance the context sharing
ability of students beyond face-to-face interaction. For example, collaborative analysis
and visualization tools may facilitate group brainstorming by providing students with
concrete representations that may serve as targets of analysis. Electronic documentation
tools may allow collaborators to share notes, findings, and annotations in a form that is
more accessible and shareable than physical paper and notebooks.
By separating students into different classrooms, physically-separated students
naturally lose all context from one another. Computer-mediated collaborative technology
is intended to re-establish that context, and in some ways, improve the sharing of that
context. Some of the problems we encountered in the block-and-plane exercise may be
attributed to our failure to provide sufficient context sharing through the collaborative
tools we employed. We have found that to effectively support remote collaboration, we
need to make explicit the objects, actions, and activities that are to be shared among
students.
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9.2.17 Media Richness

McGrath and Hollingshead (1994) theorized that the complexity of a task with
respect to the interdependence of participants should correspond to the richness of the
medium over which communications is transmitted. Collaboration over less complex
task such as group brainstorming may be supported by less rich media such as text.
Collaboration over more complex tasks that require tight interaction, such as in conflict
resolution or closely coordinated activities, may be supported by richer media such as
synchronous audio and audio/video conferencing. Media that is not rich enough for a
given task may not provide enough information for the collaborators to complete the task.
Media that is too rich for a given task may inundate the collaborators with non-essential
information and distract them from the task at hand.
This task/media fit hypothesis is consistent with our classroom observations.
During various collaborative exercises, we investigated and compared the use of text
chat, synchronous audio, and audio/video conferencing as communications mechanisms.
We found that all three communications mechanisms were sufficient for students to
conduct less synchronized tasks such as introductions, brainstorming, scheduling, and
data sharing. But for more complex tasks such as assembling physical equipment and
executing physical experiments and computer-based simulations, synchronous audio and
audio/video conferencing were most appropriate because they provided the spontaneous
communications and immediate feedback needed for close coordination. We did initially
evaluate the use of text chat for these kinds of complex tasks with some groups, but
abandoned it because the slow, tedious pace of communications severely impeded the
progress of those groups with respect to the learning activity.
Some of our observations also confirmed the theory that excessively rich media
might distract a group from its work. As described earlier, situations of flirting and
machismo occurred primarily during the use of audio/video conferencing. In these cases,
the live video was unimportant with respect to carrying out the assigned exercise, yet the
live video played a significant role in initiating and exacerbating the unintended
circumstances.
In other situations, providing students with the richest media available was
essential regardless of the task. These situations arose when students needed to share a
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physical phenomenon or setting. For example, in one collaborative exercise, high school
students mentored middle school students in a series of physical force and motion
experiments where balls crashed against one another, books fell to the floor, and wheels
rolled across contorted surfaces. Much of science rests on the study of physical
phenomena, and to fully experience physical phenomena requires the whole array of
human senses. Students need access to the richest media available so that they may best
experience these forces of nature in action.
Richer media is also more engaging. We found students to be particularly drawn
to live video. In collaborative exercises where different groups were randomly assigned
different CMC mechanisms, students in groups using text chat or synchronous audio
tools often glanced over and gravitated towards the groups using audio/video
conferencing. Even students not participating in computer-based activities that day
would gather around the audio/video conferencing groups as the class period wore on.
During some collaborative exercises, video connections between two classrooms were
maintained over the course of an entire day. As class periods ended, students would
congregate around the computers for a brief moment to peek into the other classroom.
Students in the other classroom, hearing the commotion of students filing out of class,
were also drawn to the live video and would sometimes enter into a brief computersupported dialogue with lurkers at the other end.
Initially, we expected the students’ attraction to the live video would subside over
time as its novelty wore off. To the contrary, their interest did not wane during the
course of the school year. Students were continually fascinated with the live video
connection – seeing it as portal into some other world where they could meet new people
and see new things. Some might view the students’ absorption with the video as a
distraction or diversion to collaboration and learning. In contrast, the teachers saw the
live video more as an enticement to collaboration and learning – one that motivated
students to fully engage and participate in collaborative learning activities.
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10 Findings and Results
In this chapter, we assess the consequences and impacts of our participatory and
analysis design efforts - particularly with respect to our initial hypothesis and
propositions. In verifying our claims on the merits of Progressive Design in the
development of education technology, we presume that the participatory development
process we implemented and followed was reasonable and effective in its design and use.
Findings are based on various kinds of data including questionnaire results, interview
results, analysis and design artifacts, and observations and assessment of the participatory
development process.
10.1 Evaluation of Case Study

Before we present our findings and results, we describe the various kinds of data
and techniques we applied after our collaborative analysis and design work to evaluate
our case study. We should emphasize that this data collection and analysis has a different
purpose and role than that of Progressive Design. In Progressive Design, we conduct
data collection and analysis to gather domain requirements and understanding to feed into
the development of software systems. We assess the needs, tasks, and processes of
students and teachers as they perform learning and teaching activities. The data
collection and analysis described in this section is conducted to assess the general
impacts and outcomes of Progressive Design on the development of educational systems
and to verify the specific hypothesis and propositions of our case study. The goal is not
to develop specific educational systems but rather to study the characteristics and
effectiveness of a development model in the construction of educational systems.
Many of our case study results and findings are based on the examination of
analysis and design artifacts. For instance, we analyzed how much various stakeholders
contributed to creation and development of key artifacts such as scenarios and claims and
made relative comparisons across different stakeholder groups (i.e., students, teachers,
and developers). We also reviewed collected ethnographic fieldnotes and interview
transcripts of students and teachers from our analysis and design efforts to identify and
extract key concepts and opinions.
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At the end of our case study, teachers and developers were also asked to complete
questionnaires regarding their participation in various participatory analysis and design
activities. Besides the Progressive Design work described in this dissertation, the
teachers and developers participated in a variety of other analysis and design activities
over the course of the LiNC project. In completing the questionnaires, however, teachers
and developers were given explicit instructions to focus specifically on activities and
outcomes associated with the Progressive Design efforts described in this dissertation.
The questionnaires were designed to elicit teachers’ and developers’ views and
perceptions of the analysis and design process as well as to gauge their social and
technical development resulting from their participation. In some of the findings we
present in this chapter, we review and analyze questionnaire results in the context of the
hypothesis and propositions we formulated at the beginning of the study (see Section
1.1).
Two versions of the questionnaires were developed and handed out – one for
teachers and the other for developers. Both versions contained questions eliciting views
on the process and context of participatory analysis and design. In addition, the teachers’
questionnaire contained additional questions pertaining to the teachers’ growth and
evolution over the course of participatory analysis and design. Both questionnaires
contained questions that required the participants to either select numerical ratings or to
provide narrative answers. The results described in this section are taken directly from
responses to these two questionnaires.
In regard to the numerical rating questions, the questionnaires employed a sevenpoint Likert scale (Barnett, 1991), where participants were asked to select values from –3
to 3 with the 0 value representing a neutral response. The values were assigned as
described in Table 10-1.
Teachers and developers were asked to take the questionnaires and complete them
over a week’s time. Participants were asked not to sign the questionnaires as they were
to be kept anonymous. The four teachers on the LiNC project completed the teacher’s
questionnaire, while four developers completed the developer’s questionnaire. Of the
four developers, one was a computer science professor who was responsible for the
overall development of the Virtual School while the other three were graduate students
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responsible for programming components of the Virtual School. We should note that as
with many academic software projects, the LiNC project experienced considerable
turnover in researchers and graduate student programmers. For the questionnaire, we
identified and solicited participation only from developers who participated in a majority
of the participatory and analysis activities.
Table 10-1. Seven-point Likert scale applied on the analysis and design
process questionnaire.
7-Point Questionnaire Rating Scale
-3 Strongly Disagree
-2 Moderately Disagree
-1 Mildly Disagree
0 Neither Agree Nor Disagree
1 Mildly Agree
2 Moderately Agree
3 Strongly Agree

After receiving and reviewing the questionnaires, we conducted one-on-one
follow-up interviews with the same developers and teachers that took the questionnaires.
Discussions in the interviews were focused on concepts and issues that emerged from our
evaluation of produced analysis and design artifacts as well as questionnaire results. The
intention of the follow-up interviews was to both confirm emerging findings and results
as well as to elaborate the details of key concepts and ideas that were initially gleaned
from the analyses of the collected data.
Questionnaires are known to have specific limitations (Heiman, 2002;
Grossnickle and Raskin, 2001; Oppenheim, 1992). Among the more notable limitations
include:
•

Respondent fatigue – with lengthy questionnaires, the attention of a
respondent will wane over time.

•

Respondent bias – a respondent may respond to questions with what he or she
perceives to be socially or culturally acceptable answers.

•

Questionnaire-induced bias – questions may be written in manner that leads a
respondent towards certain answers.
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•

Respondent understanding – the quality and accuracy of answers depend on
the respondent’s level of understanding of the questions.

•

Cause and effect – difficult to identify cause and effect relationships because
all variables may not have been considered in the questionnaire.

These limitations pose risks particularly to studies that apply questionnaires as the
sole instrument of evaluation. In our case study, however, we utilized questionnaires
mainly to gather summative measures of impacts to be combined with other forms of data
including statistical results, written and oral interview comments, artifact analysis results,
and ethnographic observations. The different forms of data are collectively interpreted to
examine and evaluate our hypothesis and its associated propositions.
10.2 Evaluation of Hypothesis and Propositions

In the remainder of this chapter, we evaluate our hypothesis through each of its
propositions. To review, the hypothesis of our case study is
Hypothesis: The application of Progressive Design in the development of
educational technology will improve the practicality and relevance of the
technology for classroom education as well as improve the teacher’s ability to
effectively integrate the technology into her curriculum and classroom.
The specific propositions associated with our hypothesis are listed in Figure 10-1.
Propositions 1-4 focus on the technical development of educational software systems,
while Propositions 5-9 focus on the social and cognitive development of teachers. Each
of the propositions associated with our hypothesis is addressed by an individual section
below.
10.2.1 Infusing Pedagogical and Classroom Context

One of the key objectives in applying Progressive Design in the educational
setting was to improve our ability to incorporate the authentic learning, teaching, and
classroom context into the development of educational systems (Proposition 1). To
facilitate this goal, we needed to be able to capture the pedagogical and classroom
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context in analysis and design artifacts and then apply these artifacts towards the
development of educational technology. In addition to incorporating educational context
into software systems, we also wanted the educational systems that were to be developed
to be directly motivated by the needs and context of the classroom and pedagogy. Thus,
we sought to design educational systems to support real teaching, learning, and classroom
functions and requirements.

Proposition 1: Progressive Design will specify educational systems that captures and
incorporates the authentic learning, teaching, and classroom context
Proposition 2: Progressive Design will specify educational systems that effectively integrate
technological capabilities and pedagogical requirements.
Proposition 3: Progressive Design will specify educational systems that will support and
extend the learning and teaching functions and/or capabilities of students and teachers.
Proposition 4: Progressive Design will envision specific learning activities that utilize
emerging educational systems.
Proposition 5: Progressive Design will allow students and teachers to directly participate in
software analysis and design in meaningful and productive ways
Proposition 6: Progressive Design will provide a shared working environment and context that
facilitates and promotes social grounding and the establishment of a group identity.
Proposition 7: Progressive Design will promote the cross-fertilization of ideas, knowledge, and
experiences between teachers and developers and their respective fields.
Proposition 8: Progressive Design will establish an atmosphere of shared responsibility,
distributed empowerment, and mutual control between teachers and developers
Proposition 9: Progressive Design will transform and broaden the pedagogical and technical
views and capabilities of teachers.

Figure 10-1. Case study propositions.
10.2.1.1 Capturing Pedagogical and Classroom Context

The analysis and design techniques and representations we incorporated into
Progressive Design were selected because they supported the collection and application
of both domain and technology requirements and design criteria. Along these lines, an
important consideration in our specific application of scenarios was that they required us
to think about, describe, and document the use of technology in a particular educational
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context. As such, the scenarios we created inherently captured salient aspects of the
learning activity, classroom environment, and student and teacher roles, functions, and
interactions as a normal part of scenario development as demonstrated by the sample
scenario synopses of Table 10-2. Furthermore, the claims that were developed also
focused heavily on the analysis of pedagogical features of scenarios.
Table 10-2. Envisionment Scenario Synopses.
Envisionment Scenarios
Melting/freezing point comparison - remote students collaborate to compare findings from a melting/freezing point experiment. For
this activity, groups of students are formed within each class. Each group is given an unknown substance on which the group is to
determine the melting and freezing points. After the physical experiments have been performed, each group is paired with another group
from another class. Through remote collaboration, the paired groups are to compare their experimental data and findings to predict the
actual substance each group was given. Remote students communicate using either text chat, synchronous audio, or audio/video
conferencing, and share data using an electronic whiteboard.
Giant pendulum - remote students participate in experiments involving a giant pendulum. One of the teachers in our study has access
to a twenty-foot tall pendulum apparatus and a high workshop bay in which the pendulum may be swung. A sensor may be attached to
the pendulum to produce velocity and acceleration data. Through remote collaboration, distant students may participate in pendulum
experiments and receive sensor data. Remote students communicate using video conferencing and share data using an electronic
whiteboard.
Block-and-plane simulation data pooling - remote students collaborate on the collection of data from a computer-based block-andplane simulation. For this activity, groups of students are formed across two different schools. Each group is required to run the
simulation under a variety of different conditions or parameters, and to graph their results. By partitioning the group into two subgroups,
the collective group may make twice the number of runs and collect twice the amount of data. Remote students communicate using
video conferencing and share data using an electronic whiteboard.
Block-and-plane simulation mentoring - high school students mentor middle school students in the execution of a block and plane
simulation. Having used the simulation in a previous activity, the high school students should be familiar with the simulation and its
associated physics concepts. Through remote collaboration, the high school students instruct middle school students on the operation of
the simulation as well as the underlying force and motion principles inherent in the block-and-plane experiment. Remote students
communicate using video conferencing, share data using an electronic whiteboard, and post questions and answers to an on-line bulletin
board.
Force and motion mentoring - high school students guide middle school students in the execution of several intriguing force and
motion experiments. In this activity, six force and motion experiments are set up at six different stations in a middle school classroom.
At each station, a computer is available from which middle school students may communicate with particular high school students
assigned to that station. Through remote collaboration, the high school students instruct middle school students on the execution of the
experiments as well as in the understanding of underlying physics concepts inherent in the experiments. Remote students communicate
using video conferencing and share data using an electronic whiteboard.
Scientific ethics debate - teachers pose a set of scientific ethics questions for students to discuss. By posting these questions on a
bulletin board accessible to multiple schools, remote students may participate in an on-line debate along specific issues. Different issues
will likely spark the interests of different students.
Science fiction reading groups - remote students form into science fiction reading groups. The objective of a reading group is to study
the science projected in a science fiction book. Each group is required to research the relevant science concepts that are presented in the
book and to assess whether the science concepts are realistic and possible. Remote students communicate using e-mail and may post
reviews to an on-line bulletin board.
Ecology study - remote students compare ecological data and findings from their local environments. Students in different classes
collect environmental data from the local, physical surroundings of their schools. Various observations (e.g., wildlife and plant life) and
measurements (e.g., temperature, noise level, and pH level of local stream) may be taken. Through remote collaboration, students may
compare their local environments and make quality of life assessments. Remote students communicate using audio/video conferencing
and e-mail, and share data using an electronic whiteboard.
Long-term group projects - remote students collaborate on a long-term project. Groups form across various classes. Through remote
collaboration, group members negotiate a science topic, design the project, and carry out the research. By eliciting the participation of
multiple classes, a larger variety of topics would be generated and students would likely have greater success in finding topics that match
their interests.

To illustrate the pedagogical focus captured in our scenarios and claims, we
separated the collected set of claim schemas into two groups – one containing
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pedagogical features and the other containing technological features. As shown in Figure
10-2, 75% (191 of 254) of the collected claim schemas more strongly pertained to
pedagogical features while only 25% (63 of 254) more strongly pertained to
technological features. Thus, a considerable portion of our claims analysis results
conveyed pedagogical and classroom criteria.

Pedogical vs. Technological Claims
Schemas

% Contribution

Claim Schemas
80%
70%
60%
50%
40%
30%
20%
10%
0%

75%

25%

Pedagogical

Technological

Area of Emphasis

Figure 10-2. Relative percentages of pedagogical and technology claim
schemas.

In addition, we asked teachers and developers whether the designed computerbased learning activities took into account typical classroom activities and context. As
shown in Table 10-3 and Table 10-4, teachers and developers mildly to moderately
believed that the computer-based learning activities they designed did take into account
the actual activities that occurred in the teachers’ classrooms (1.50 and 2.00 avgs.).
Table 10-3. Teachers’ responses to question regarding the capture of the
classroom context.

1.

Teacher’s View of Capturing Classroom Context Question
The computer-based learning activities we developed take into account the
actual activities that occur in my classroom.

T1

T2

T3

T4

Avg.

1

2

1

2

1.50
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Table 10-4. Developers’ responses to question regarding the capture of
the classroom context.

2.

Developer’s View of Capturing Classroom Context Question
The computer-based learning activities we developed take into account the
actual activities that occur in the teacher’s classroom.

D1

D2

D3

D4

Avg.

2

1

3

2

2.00

10.2.1.2 Pragmatics of Computer-Mediated Collaboration

In capturing pedagogical and classroom attributes and features in the design of
educational systems, we also wanted to comprehend the practical impacts of the new
educational technology in the context of its use in the science classroom. Earlier in this
dissertation, we highlighted genuine issues in class management, time management, and
pedagogical differences among collaborating teachers. These are among some of the
most critical issues that teachers must resolve if computer-mediated collaborative
learning activities are to be effectively applied. With respect to the practical use of
collaborative technology, we have also highlighted other issues such as technological
proficiency, media richness, and shared learning contexts. All these practical issues are
important to address, because they ground our analysis on the everyday functioning of the
science classroom and identify issues that may potentially block the acceptance of
collaborative and educational tools by teachers.
In the most general sense, CMC tools and collaborative systems allow people at
remote locations to communicate and collaborate. This function alone, however, was not
enough to warrant the incorporation of such technology into the classroom. The teachers
wanted to use collaborative technology only if it somehow improved the learning
experience over more conventional kinds of learning activities, or if it empowered
students to learn or work in ways not possible without the technology. The teachers
considered computer support for collaboration as simply another educational resource not a revolutionary teaching concept. They wanted to justify the cost of introducing and
using collaborative technology in their classrooms. This attitude is consistent with the
project’s general participatory design perspective, which views the role of computer
systems as basic tools that improve the capabilities and work of users (Floyd et al., 1989).
Applied in the context of education, computer systems may be seen as educational
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technology tools that extend the teaching capabilities of teachers and the learning
capabilities of students.
The teachers’ insistence on justifying the use of collaborative technology instilled
a strong, pragmatic viewpoint into the project’s design and development activities. An
illustration of this point may be found in the design of the computer-based block-andplane simulation. To teach the concept of friction, the teachers often employ an exercise
using wooden blocks of various shapes and an inclined wooden plane. On the LiNC
project, teachers and developers designed a computer-based version of this experiment.
The teachers, however, argued that the simulation should not replace the physical blockand-plane set-up, but rather enhance, complement, or otherwise extend the usual
experiment. The teachers saw great educational value in gaining hands-on experience
with physical phenomena, and they refused to eliminate these kinds of physical
interactions. In this case, the teachers worked closely with simulation developers to
ensure that the simulation would provide some added educational value. The result was a
simulation that complemented the physical experiment by a) allowing tests of ideal
conditions that are difficult to attain in the physical world, b) enabling a greater variety
and complexity of conditions by minimizing physical set-up requirements, and c)
simplifying and automating data collection and analysis with computer-based tools.
The teachers adopted this same pragmatic perspective in identifying educational
motivations for computer-mediated collaboration. They sought general uses of
collaborative technology that would be reasonable and effective, given their own teaching
styles and objectives. As previously described, Table 7-1 lists the set of motivations
derived by teachers. These were used as the basis for a number of computer-mediated
learning activities. These diverse motivations emphasized different kinds of
collaborative relationships that could be exercised among students across different
classrooms.
10.2.2 Technology and Pedagogy Integration

Proposition 2 claims that Progressive Design supports the integration of
technological capabilities and pedagogical requirements (see (Chin and Carroll, 2000) for
a particular technology-pedagogy integration approach). The deployment of
341

collaborative and educational technologies in the classroom presumes that the technology
is designed with an understanding of the educational context and environment, and
addresses real teaching and learning needs of teachers and students. Thus, the design of
educational technology is well served when it fully accounts for its context of use. To
tackle this requisite, our case study emphasized simultaneous design efforts - merging the
system design of collaborative technology with the instructional design of collaborative
learning activities. Developers and teachers participated in both kinds of design
activities. For developers, participation in instructional design encouraged them to
contemplate the educational context in which the technologies they develop will be
deployed. For teachers, participation in system design encouraged them scrutinize their
teaching practices and needs in the context of technological affordances and constraints.
Through mutual design, developers and teachers shared in one another’s work functions
and experiences.
10.2.2.1 Activity versus System Design

In our study, we designed educational systems by analyzing and building from
existing teaching and learning activities. A general concern with this approach is that
once we have designed a computer system to support a specific activity, the deployment
of the computer system may modify the activity to a point where the original analysis is
no longer viable (Carroll and Campbell, 1989). How should one accommodate and
manage this tension between the design of systems and the evolution of the use context?
We might try to perform simultaneous analysis and design of both the activity and the
system. Unfortunately, we have found this approach to be largely ineffective, because we
are often unable to maintain an equal emphasis on both the system and the activity. In
our experiences, we have found that open, free-formed design discussions often drift into
technical system details and away from the work activity and its requirements.
In applying Progressive Design, we sought a logical, integrated, and evolutionary
approach towards developing the designs of both systems and activities (Chin and
Rosson, 1998). As illustrated in Figure 10-3, Progressive Design guides us through
identifiable design stages, whereby each design stage contributes a different quality and
perspective to emerging designs. To ensure that both the designs of the activities and the
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system are accomplished, Progressive Design adopts a strategy of revolving emphasis,
where it alternates the focus of design to incrementally develop both activities and
system. In this regard, activity design is based on our current views of the system, while
system design is based on our current views of the activities. This incremental approach
enables a tight integration between requirements arising from activity innovations and
capabilities arising from system innovations.
The revolving emphasis of our design methodology may be illuminated by
examining and contextualizing the various participatory analysis and design activities of
Progressive Design. Figure 10-3 combines the stages of participatory analysis and
participatory design into a single integrated process. Furthermore, each stage of the
design methodology is color coded to express whether the focus was on the design of
classroom activities or educational software. As shown, design activities generally
alternated focus between activity and system design - eventually culminating in an
integrated view at the final “constraint resolution” stage. Revolving emphasis ensures
that we consider and incorporate both the teaching and the technology context in the
design of educational software.
10.2.2.2 Integration through Analysis and Design Representations

The analysis and design representations we employed in our case study also
supported the integration of technological and pedagogical features. Recalling the
development process shown in Figure 10-3, the common analysis and design
representations of scenarios, features, claims, and UI design were passed among the
stages of our development process. As we emphasized in the previous section that the
design process would progress the integration of technology and pedagogy, it stands to
reason that the representations that are passed among the stages would also be able to
capture an evolving mix of technological and pedagogical requirements and design
criteria.
One of the objectives in our selection of analysis and design methods was for the
very purpose of identifying analysis and design representations that would be flexible
enough to support these dual purposes. For example, claims were seen as a way to
capture design rationale that conveys both technological and pedagogical consequences.
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To illustrate, Table 10-5 conveys the anatomy of the claim schema for the science
simulation. The schema had evolved over the course of the design process and is shown
in its final form. The red entries in the schema are claims that emerged mainly during
stages in the design process that had an activity focus, while blue entries are claims that
emerged primarily during stages that had a system focus. The science simulation claim
schema provides a compelling illustration of how the revolving emphasis between
activity and system in our design methodology translates into the capture and integration
of both pedagogical and technological context and requirements in our design
representations and processes.

Classroom
Claims
Analysis

Technology
Claims
Analysis

Classroom Scenarios,
Features, and Claims

Technology Scenarios,
Features, and Claims
Future
Envisionment

Classroom Scenarios,
Features, Claims, and
UI Design

Classroom Scenarios,
Features, Claims, and
UI Design
Framework
Development

Framework
Contextualization

Generalized Scenarios,
Features, Claims, and
UI Design

Contextualized
Scenarios, Features,
Claims, and UI Design
Constraint
Resolution
Future Classroom
Scenarios, Features,
Claims, and UI Design

System & Activity Design
Figure 10-3. Alternation of design focus between system and activity.
(Yellow boxes identify a system focus; green boxes identify an activity
focus; green and yellow boxes identify a combined system and activity
focus).

Table 10-6 presents a demonstrative, chronological set of scenarios and artifacts
from the LiNC project that emerged during participatory analysis and design. For each
design stage in the table, a scenario synopsis and a set of artifacts is provided as an
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example of the design criteria developed at that stage. The scenarios and artifacts were
defined by both teachers and developers. The significance of Table 10-6 is that the
identified key artifacts represent both technological and pedagogical features. These
features are strewn together in the scenarios and evolve through a logical progression,
which effectively replaces traditional classroom artifacts with computer-based ones that
enhance or improve learning and teaching functions and outcomes (Chin and Rosson,
1998).
Table 10-5. Anatomy of the scientific simulation claim schema. Red
entries has a pedagogical emphasis while blue entries have a
technological emphasis).
Scientific Simulation
Pros:
(p1) provides opportunity for students to develop their
collaboration skills
(p2) provides opportunity to negotiate roles and collaboration
among students
(p3) is a replicable resource that may be spawned on any
computer
(p4) allows multiple, concurrent executions
(p5) allows students to test boundary conditions that cannot be
reproduced or are too dangerous to apply in physical experiments
(p6) support rapid data collection compared to physical
experiment

Cons:
(c1) may give computer-savvy students an advantage in learning
the concepts
(c2) computer-savvy students may take over control of a
simulation and its associated lesson because they feel more
comfortable in working with the computer
(c3) reduces level of collaboration if separate simulations are
executed on individual machines
(c4) mapping to real-world phenomenon may not be obvious or
clear
(c5) students not needed or included in the running of the
simulation may adopt a "back seat" attitude and expectation
(c6) if communication/coordination is poor, collaborators may
end up "doing their own things." In this case, the use of the
simulation may not be productive and fail to satisfy the joint
objectives and goals of the group.

(p7) provides useful abstractions to illustrate real-world
phenomena
(p8) simulations provide another “channel” for learning (provides
multiple modalities for learning)

In the initial workplace claims analysis stage of our analysis and design process
(see Table 10-6), we wanted to understand typical collaborative activities in the current
classroom by transcribing and examining a real-world classroom scenario of students
collaborating on a physical experiment using scientific instruments on a workbench. In
additional to the classroom artifacts of the instruments and workbench, the students also
used a paper laboratory notebook to save experimental conditions and data. During the
technology claims analysis stage, we had teachers and students explore the use of
common collaboration tools such as an electronic whiteboard and an application sharing
tool. We considered the whiteboard and application sharing tools as key technologies
needed to provide an electronic, collaborative space. For the design stage of future
345

envisionment, we moved beyond the short-term collaboration of experiments to consider
long-term collaborative projects were groups had the opportunity to collaborate, evolve,
and grow over an extended period of time. For the project, students collaborated on the
performance of the research and the construction of a group report. Artifacts for this
stage are high-level computer-based resources and attributes that support the projectbased research activity. For framework development, we extrapolated from the projectbased scenario and artifacts to design a generic set of tools that would support diverse
learning activities. Artifacts include a collaborative workbench to share research and a
collaborative lab notebook to share results. For framework contextualization, we tailored
the project-based activity to the generic framework designed by developers. Wanting a
mechanism for students to partition their research, we designed workbench folders from
which students were to maintain individual or subgroup work. Furthermore, teachers
wanted some specific project-based capabilities in the lab notebook to aid in the selection
of a topic and the development of a research design. For constraint resolution, we
provided for the creation of multiple workbenches to support individual and subgroup
research - choosing to optimize and leverage off of the existing capabilities of the system
rather than introduce a new “folder” system feature. Under time and resource constraints,
the developers also decided to supply topic selection and research design support through
Web-based forms as an intermediate provision. These capabilities, however, would be
fully developed and integrated into the lab notebook in latter versions of the software.
Although Figure 10-3 and Table 10-6 both convey a general structure to the
analysis and design process, Progressive Design does not flow unyieldingly in a fixed
manner. The scenarios, artifacts, features, and claims passed at each stage represent
different contexts for analysis and design. More accurately, filtered analysis and design
results are extensions, elaborations, or transformations of other scenarios, artifacts,
features, and claims produced further upstream in the development process. Progressive
Design simply suggests a logical progression to the development process. As previously
described in Section 7.4, this logical progression of the development process was evident
in the evolution of scenarios and claims, as they increased in elaboration and relevance
through the various analysis and design stages through the influences and input of
different stakeholders.
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Table 10-6. Scenarios and artifacts emerging from the analysis and
design stages of Progressive Design.
Design Stage
Workplace Claims
Analysis

Technology Claims
Analysis

Future
Envisionment

Framework
Development

Framework
Contextualization

Constraint
Resolution

Scenario Synopsis
A group of students carry out a physical experiment
using scientific instruments on a workbench. The
write experimental conditions and data in their
personal laboratory notebooks
Teachers and students experiment with an electronic
whiteboard to share free-from text, numeric data, and
images. They also use some application sharing
software to the test the remote sharing of some
standard office applications
Students work together over the Internet on a
collaborative project. The students share simulations,
information, and data in a collaborative work area.
After their investigations, the students develop a
group science report.
Students share simulations, information, and data
using a collaborative workbench where different types
of object may be shared over the Internet. Students
share a collaborative lab notebook where they can
maintain notes, findings, and results.
Students create individual folders on the workbench to
maintain personal or subgroup work. Students use the
lab notebook to help maintain and select project topics
and to develop and organize their research design.
Students maintain individual and subgroup work by
creating multiple workbenches. Topic selection and
research design support in the lab notebook is
provided by Web-based forms.

Artifacts
Workbench, scientific
instruments, paper
laboratory notebook
Electronic whiteboard,
application sharing tool

Collaborative work area,
project-based
collaboration,
simulations, group
science report
Collaborative
workbench, collaborative
lab notebook

Individual and group
workbench folders, topic
selection, research
design
Multiple workbenches,
Web-based forms for
topic selection and
research design

The design contexts among the various stages are shown in Table 10-7. The table
illustrates how design context evolves from an analysis of the workplace environment to
a designed activity and system (Chin and Rosson, 1998). The table also shows that the
design context is shaped by two factors. One factor is the alternating design focus
between activity and system design as described in the last section. This alternation
allows us to concentrate our efforts on a specific area of design while providing an
overall balance in design activities and stakeholder participation.
The second factor influencing the context is the design action which identifies the
general design activity occurring at any one stage. Implicit in our model is a threephased design cycle in which we evaluate, envision, and apply constraints (Chin and
Rosson, 1998). During the evaluation phase, we analyze classroom and situated
technology scenarios to reflect on current classroom activities and educational systems.
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During the envisionment phase, we construct future envisionment and framework
development scenarios to design new learning activities and technologies. During the
constraint application phase, we temper our envisioned designs by addressing practical
and technical constraints to produce contextualized framework and constraint resolution
scenarios. These scenarios then lead to the final designs of the new learning activities
and technologies, which are then reinserted back into the classroom. We then may begin
yet another round of evaluation. This three-phased design cycle underscores how we
work with our design representations to achieve specific design results and to progress
towards a target design. Figure 10-4 depicts this conceptual analysis and design cycle.
Table 10-7. Stages and characteristics of the design process.
Design Stage
Classroom Claims
Analysis
Technology Claims
Analysis
Future Envisionment
Framework
Development
Framework
Contextualization
Constraint
Resolution

Design Focus
Activity

Design Action
Evaluation

Design Context
Analysis of existing classroom environment

System

Evaluation

Analysis of potential technologies and tools

Activity
System

Envisionment
Envisionment

Activity

Constraint
Application
Constraint
Application

Activity
+
System

Design of ideal computer-based learning activity
Design of general software framework
Learning activity constrained by general
software architecture
Learning activity and general software
architecture constrained by schedule and
resources

Evaluation

Constraints

Envisionment

Figure 10-4. Three-phase cycle of Progressive Design.
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10.2.3 Enhancement of Teaching and Learning Abilities

Proposition 3 postulates that Progressive Design will lead to software systems that
support and extend the teaching capabilities of teachers. We explored the extension of
teaching capabilities from two different directions. First, since teachers directly
participated in the design process, the resultant educational software was expected to be
more reflective of the educational practice and context, and thus, more directly supportive
of teaching and learning functions. Second, as teacher gain experience in the design and
use of educational and collaboration software, they learn how to best apply software to
suit their specific educational needs. Thus, teachers build skills and experiences that help
them effectively apply educational software in support of their curriculums and
classrooms.
10.2.3.1 Teachers’ Perceptions of Designed Educational Software

To assess the impact of the teachers’ participation in the design of the Virtual
School, we asked teachers whether their participation lead to a Virtual School that was
more consistent with the needs of their students. As shown in Table 10-8, teachers
moderately believed their participation did result in a Virtual School that was better
suited for students (1.75 avg.). When asked whether the Virtual School was better suited
to address the needs of their teaching, the teachers moderately believed that their
participation in design did result in a Virtual School better suited for teaching (2.25 avg.).
Table 10-8. Teachers’ responses to questions regarding the impact of
teachers’ participation in system design.
Teacher’s View of Impact of Teachers’ Participation on System Design
Questions
3. Because of the teachers’ participation on the design of the Virtual School,
the Virtual School better suits the needs of my students.
4. Because of the teachers’ participation on the design of the Virtual School,
the Virtual School better suits the needs of my teaching.

D1

D2

D3

D4

Avg.

2

2

2

1

1.75

2

3

2

2

2.25

Similarly, developers were also asked about the impact of the teachers’
participation on system design. As shown in Table 10-9, the developers mildly to
moderately believed that the teachers’ participation led to a more suitable Virtual School
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for students (1.50 avg.). They moderately believed that the teachers’ participation lead to
a more suitable Virtual School for teaching (2.25 avg.)
Table 10-9. Developers’ responses to questions regarding the impact of
teachers’ participation in system design.
Developer’s View of Impact of Teachers’ Participation on System Design
Questions
5. Because of the teachers’ participation on the design of the Virtual School,
the Virtual School better suits the needs of students.
6. Because of the teachers’ participation on the design of the Virtual School,
the Virtual School better suits the needs of the teachers’ teaching.

D1

D2

D3

D4

Avg.

2

1

1

2

1.50

3

1

2

3

2.25

In a number of more general questions, teachers were asked about the
enhancement of their teaching capabilities through computer and educational tools. As
shown in Table 10-10, at the start of the LiNC project, the teachers mildly believed that
computer technology would enhance their teaching capabilities (0.75 avg.). After
Progressive Design, however, the teachers’ expectations that both computer technology
and the Virtual School would enhance their teaching capabilities were 1.00 point higher
than their initial expectations (to 1.75 avgs.).
Table 10-10. Teachers’ responses to questions regarding the
enhancement of teachers’ teaching capabilities.
Teacher’s View of Enhancement of Teachers’ Teaching Capabilities
Questions
7. At the start of the LiNC project, I expected the computer technology to
enhance the teaching capabilities of teachers in the science classroom.
8. Today, I expect the computer technology to enhance the teaching
capabilities of teachers in the science classroom.
9. Today, I expect the Virtual School to enhance the teaching capabilities of
teachers in the science classroom.

T1

T2

T3

T4

Avg.

1

1

1

0

0.75

1

2

3

1

1.75

1

2

3

1

1.75

As for developers, they moderately believed that computer technology would
enhance the teaching capabilities of educators from the start of the LiNC project (2.00
avg.) and they generally maintained that view throughout the course of the project (see
Table 10-11). At the end of the Progressive Design effort, the developers continued to
moderately believe that both computer technology and the Virtual School would enhance
the teaching capabilities of the science teacher (2.25 and 2.00 avgs.). Unlike the teachers,
the developers did not show a significant rise in their expectations from the beginning of
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the project to the end, because the expectations were moderately high from the start.
Again, we attribute this positive view from the developers to the higher levels of
familiarity, experience, and trust that developers possess with computer technology.
Table 10-11. Developers’ responses to questions regarding the
enhancement of teachers’ teaching capabilities.
Developer’s View of Enhancement of Teachers’ Teaching Capabilities
Questions
10. At the start of the LiNC project, I expected the computer technology to
enhance the teaching capabilities of teachers in the science classroom.
11. Today, I expect the computer technology to enhance the teaching
capabilities of teachers in the science classroom.
12. Today, I expect the Virtual School to enhance the teaching capabilities of
teachers in the science classroom.

D1

D2

D3

D4

Avg.

3

2

1

2

2.00

3

2

1

3

2.25

3

2

1

2

2.00

When asked whether their Progressive Design experiences had improved their
teaching abilities, the teachers indicated that their experiences in the design of education
software would mildly be useful to their teachings (0.75 avg.) and their experiences in the
design of computer-based would moderately to strongly (2.50 avg.) be useful (see Table
10-12).
Table 10-12. Teachers’ responses to questions regarding the usefulness
of their design experiences to their teaching.
Teacher’s Usefulness of Design Experience Questions
13. The experience I gained in designing educational software will be useful
in my teaching.
14. The experience I gained in designing computer-based learning activities
will be useful in my teaching.

T1

T2

T3

T4

Avg.

1

0

2

0

0.75

3

2

2

3

2.50

10.2.3.2 Models of Remote Collaboration

Science teachers recognize the importance of collaboration in scientific endeavors
and assign many group activities. Yet, for most teachers, the extent of planning for and
implementing student collaboration is to simply throw their students into groups without
thinking about issues such as what forms of collaboration are desirable, how to achieve
and monitor those desirable forms, and what functions and roles should teachers and
students play in the collaboration. Understanding the kinds of collaboration that occurs
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in the classroom and the types of tools that may support those collaborations would be
valuable towards informing teachers on how to effectively utilize collaboration
technologies and features in their classroom activities to achieve positive collaborative
learning experiences and results.
Applying collaborative technology requires us to think more explicitly about
collaboration. Where collaboration is normally a natural and autonomous function of
science teaching and learning, collaborative technology instruments and mechanizes the
collaboration process – forcing teachers and students to be cognizant of the collaborative
tools they apply and how they apply them. During computer-mediated collaboration,
students recognize immediately that they are applying specific tools to communicate
textually, audibly, and visually. Meanwhile, teachers focus on collaboration by verifying
that their students are effectively sharing computer resources, communicating with
remote collaborators, and participating in and contributing to the collaborative activities.
As such, collaborative technology brings the attributes of collaboration to the forefront of
learning activities.
The emphasis on collaboration carries over into instructional design. Recall our
endeavor to define specific motivations for remote collaboration (e.g., data pooling,
equipment access, asset sharing, and mentoring) and to envision collaborative learning
activities. These design efforts focused on identifying practical and pedagogically sound
ways for students to collaborate. Thus, during instructional design, teachers were
required to focus heavily on the collaborative properties of learning activities when
collaborative technology was to be applied.
Networked computers allow diverse groups of students to spontaneously interact
anytime and anywhere. The instant accessibility to a broad range of students provides
teachers with a new capability that they may incorporate into their teachings. In the case
of our study, the teachers developed and implemented collaborative learning activities
that were new to their curriculums. Among these new learning activities included the
mentoring of middle school student by high school students, the sharing of unique
experimental equipment, and the comparison of physical and biological environments
that reside at different schools. The teachers believed that such collaborative learning
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activities would not be feasible without the collaborative technology. Thus, collaborative
technology enables new models of collaboration and collaborative learning.
Collaborative technology does modify the collaborative behavior of students. In
many cases, the technology enhances or amplifies specific collaborative tendencies. We
have seen dominate students gain greater control over their groups by monopolizing the
computer input devices, passive students skirt participation by sitting outside the
camera’s view, students become disassociated from learning activity due to lack of tasks,
collaboration degrade into less desirable interactions such as flirting and name-calling,
tentative and restrained interaction due to lack of sufficient social grounding, and
flustered students that endure frequent communication breakdowns with their remote
collaborators.
We should emphasize that the impact of collaborative technology on the
collaborative behavior of students was not always negative. We have also seen
peacemaker-style leaders better able to bring ideas and input together from different
students, students become more engaged in learning activities due to the novelty of
applying computer tools and the intrigue of interacting with unfamiliar students, and
more equal computer use among male and female students compared to scientific
equipment use - stemming from more equal proficiencies (observed and perceived) in
computer operation.
All of these impacts accentuate or mitigate collaborative behaviors that were
present in the science classroom prior to the introduction of the new collaborative and
educational tools. Collaboration is a natural function of learning and social interaction.
Computers, however, make collaboration a commodity that can be controlled and
manipulated via the computer’s input devices. With collaborative technology,
collaboration control is a feature that teachers must judiciously monitor to ensure equity
and to limit abuse among students, as well as a capability that teachers may exploit to
promote one’s pedagogical objectives.
One of the challenges of our study was to sufficiently understand the attributes
and impacts of collaborative technology to the point where we could effectively apply it
to facilitate collaborative learning. Over the course of the design process, teachers did
evolve in their understanding and use of collaborative technologies. As shown in Table
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10-13, teachers mildly did not understand how students might remotely collaborate at the
start of the LiNC project (-0.75 avg.). After their Progressive Design experiences,
however, the teachers understanding of how to apply remote collaboration improved by
2.25 points (to 1.50 avg.).
Table 10-13. Teachers’ responses to questions regarding the understood
educational applications of remote collaboration.
Teacher’s Understanding of Educational Uses of Remote Collaboration
Questions
15. At the start of the project, I understood the potential ways that students
may remotely collaborate.
16. Today, I understand the potential ways that students may remotely
collaborate.

T1

T2

T3

T4

Avg.

-1

-2

-1

1

-0.75

1

2

1

2

1.50

Developers also improved their understanding of the educational uses of remote
collaboration. As shown in Table 10-14, developers mildly understood the potential
ways that students may remotely collaborate at the start of the project (0.50 avg.). This
understanding improved 2.00 points (to 2.50 avg.) as a result of the Progressive Design
activities. We estimate that the developers’ ratings were higher than the teacher’s
because they had higher levels of familiarity, experience, and trust with computer
technology, while teachers had greater discomfort and skepticism of computer
technology to overcome.
Table 10-14. Developers’ responses to questions regarding the
understood educational applications of remote collaboration.
Developer’s Understanding of Educational Uses of Remote Collaboration
Questions
17. At the start of the project, I understood the potential ways that students
may remotely collaborate.
18. Today, I understand the potential ways that students may remotely
collaborate.

D1

D2

D3

D4

Avg.

2

1

-2

1

0.50

2

3

2

3

2.50

10.2.4 Envisionment of Computer-Supported Learning Activities

The integration of pedagogy and technology occurs in the science learning
activities or lessons that tie the technology to specific educational objectives and
functions. One of our Progressive Design goals is to better prepare and enable teachers
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and developers to envision future learning activities that utilize emerging educational
technology (Proposition 4). As illustrated through the scenarios and paper prototype
presented respectively in Chapter 7 and 8, teachers and developers were able to envision
and develop new computer-supported learning activities based on analysis results and
evolving design criteria.
When asked how the analysis and design techniques lent themselves to designing
lessons and software (see Table 10-15), teachers found the scenario-based design and
paper prototyping mildly to moderately supported the envisionment of both learning
activities and educational software (1.25-2.00 avgs.). As shown in Table 10-16
developers also found scenario-based design and paper prototyping to be mildly to
moderately useful in envisioning computer-based learning activities (1.75-2.00 avgs.).
More striking, developers found the two techniques to be moderately to strongly effective
for envisioning the actual educational software (2.50 avgs.). In essence, the developers
found Progressive Design to be useful and effective in identifying and applying
pedagogical requirements and design criteria towards their primary goals of developing
educational software.
Table 10-15. Teachers’ responses to questions regarding the usefulness
and effectiveness of participatory analysis and design techniques in the
development of educational software and learning activities.

19.
20.
21.
22.

Utility of Techniques to Teacher Questions
I found the development of scenarios useful in the envisionment of
educational software.
I found the development of scenarios useful in the envisionment of
computer-based learning activities.
The paper design sessions helped me better visualize the design of the
educational software.
The paper design sessions helped me better visualize the computer-based
learning activities.

T1

T2

T3

T4

Avg.

1

2

1

1

1.25

1

2

1

2

1.50

2

1

2

3

2.00

1

1

2

1

1.25

10.2.5 Student and Teacher Participation in Analysis and Design

Proposition 5 postulates that Progressive Design effectively elicits the
participation of students and teachers in software analysis and design. This is a
particularly important expectation for our case study because the benefits we hope to gain
from Progressive Design hinges on the expectation that teachers and students are actually
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capable of contributing to analysis and design in meaningful ways. There a many facets
to this issue. Are the participatory methods usable by students and teachers? Can the
methods be applied to support different analysis and design situations and contexts and
adjusted to accommodate the evolving needs and growth of participants? With their new
system design duties and responsibilities, how will teachers perceive their roles as system
designers and how well will they accept these transformed roles? Furthermore, how will
developers perceive their own roles as teachers take on and carry out many of the design
functions that are normally reserved to them? These are among the many issues
regarding student and teacher participation in software analysis and design that we will
cover in this section.
Table 10-16. Developers’ responses to questions regarding the
usefulness and effectiveness of participatory analysis and design
techniques in the development of educational software and learning
activities.

23.
24.
25.
26.

Utility of Techniques to Developer Questions
I found the development of scenarios useful in the envisionment of
educational software.
I found the development of scenarios useful in the envisionment of
computer-based learning activities.
The paper design sessions helped me better visualize the design of the
educational software.
The paper design sessions helped me better visualize the computer-based
learning activities.

D1

D2

D3

D4

Avg.

3

2

2

3

2.50

2

1

2

3

2.00

3

2

2

3

2.50

3

1

2

1

1.75

10.2.5.1 Usability of Progressive Design Methods

An important objective of Progressive Design is to involve different stakeholders
in the system development process by engaging them in real analysis and design work.
For this to be effective, employed Progressive Design methods should be usable by all
stakeholders. As we have previously shown, students, teachers, designers, and
developers all participated in the creation of various analysis and design artifacts. For
example, Figure 10-5 shows teachers, designers, and developers developing claims as
they are engaged in a participatory analysis session. Figure 10-6 shows students
constructing paper prototypes of collaborative science learning environments.
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Figure 10-5. Teachers, HCI designers, and software developers
participate in a participatory analysis session.

Figure 10-6. Students participate in a paper prototyping session.

Table 10-17 maps the participation of different stakeholders to the various
analysis and design activities. For the most part, each class of stakeholders participated
across the different analysis and design activities with a few exceptions. In the case of
ethnographic analysis, students were excluded from this activity because the development
of categories, paradigms, and taxonomies involved abstract concepts and sophisticated
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thinking that we believed were beyond the students’ capacities. Furthermore, the
aforementioned ethnographic structures generally evolve over sustained analysis as we
look for patterns and trends in our observations and collected ethnographic data. Since
student and developer participation in the Progressive Design activities were both
piecemeal and short-term (i.e., high turnover of students and developers on project), they
were never able to gain enough context and understanding to contribute to ethnographic
analysis. Furthermore, students did not participate in scenario-based design primarily
because we considered scenarios as designed learning activities that teachers were largely
responsible for developing as part of their professions and were the key stakeholders
whose acceptance of the scenarios was mandatory before they could be implemented in
the classroom. In hindsight, however, student participation in scenario development may
provide an intriguing approach to understand how students perceive the lessons they
carry out, how much value they place in the various aspects of their learning activities
and experiences, and how they would facilitate their own learning if they were free to
design their own lessons.
Table 10-17. Participation of different stakeholders in analysis and
design activities.
Participatory Activity
Ethnographic Analysis
Participatory Analysis
Scenario-Based Design
Paper Prototyping

Students
X
X

Teachers
X
X
X
X

Designers
X
X
X
X

Developers
X
X
X

To further assess the usability of the employed participatory analysis and design
techniques, we asked both teachers and developers how well they understood the
applications of the various Progressive Design methods through the questionnaires. As
shown in Table 10-18 and Table 10-19, both teachers and developers understood the
Progressive Design methods moderately to strongly well (2.25-3.00 avgs.). The
questions of Table 10-18 and Table 10-19 pertain to four specific techniques we applied:
ethnographic analysis, participatory analysis, scenario-based design, and paper
prototyping.
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Table 10-18. Teachers’ responses to questions regarding their ability to
apply participatory analysis and design techniques.

27.

28.

29.
30.

Teacher’s Ability to Apply Participatory Techniques Questions
When we collected attributes and features of the classroom, I understood
how to organize these features into categories, taxonomies, and
comparison tables
When we reviewed videotapes of classroom activities, I understood how to
pick out positive and negative “things” or consequences from the
videotape.
When we developed scenarios, I understood how to develop them.
When we used crayons, paper, scissors, and post-it notes to draw views of
a computer-based science learning environment, I understood how to
sketch out my ideas on paper.

T1

T2

T3

T4

Avg.

2

3

3

2

2.50

2

3

3

1

2.25

3
2

3
2

2
2

3
3

2.75
2.25

Table 10-19. Developers’ responses to questions regarding their ability
to apply participatory analysis and design techniques.
Developer’s Ability to Apply Participatory Techniques Questions
31. When we reviewed videotapes of classroom activities, I understood how to
pick out positive and negative “things” or consequences from the
videotape.
32. When we developed scenarios, I understood how to develop them.
33. When we used crayons, paper, scissors, and post-it notes to draw views of
a computer-based science learning environment, I understood how to
sketch out my ideas on paper.

D1

D2

D3

D4

Avg.

3

2

2

3

2.50

3
3

3
2

3
3

3
3

3.00
2.75

10.2.5.2 Flexibility and Adaptability

As described in Section 3.1, some participatory design practitioners argue against
the creation of participatory design methodologies. One reason for such resistance is that
participatory design methods need to be flexibly applied and adaptable to many different
analysis and design situations. Participatory design projects are affected by many
different variables that must be accommodated by the analysis and design methods that
are employed. We found this to be true in our case study as the design methodology
underwent constant evolution and refinement in response to the many experiences and
interactions on the LiNC project.
On our study, the flexible application of the design methodology was of critical
importance because we had to accommodate conflicting schedules and agendas.
Compared to traditional software development approaches where project teams consists
mainly of developers who have common targets and objectives and are paid to perform
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specific development functions, our design team included teachers and students who had
very different interests, obligations, priorities, and goals. For instance, the teachers in our
study continued to teach a full compliment of science classes and had to balance their
teaching work with their involvement in Progressive Design activities. As available time
among the teachers was scarce, many of the participatory activities were scheduled after
school hours or during school holidays, seasonal breaks, and teacher planning days.
Participating students were also required to complete their normal class work.
Subsequently, teachers tried to distribute participation amongst their students such that no
specific group was required to carry the extra burden of participating in our Progressive
Design activities. This practice along with the general schedule of students moving in
and out of the science classes every academic year made it virtually impossible to involve
and track a select group of students over the course of system development.
Flexibility is also needed to accommodate the changing composition of the
project team. Over the course of any system development project, the composition of the
development team is likely to change due to normal turnover. Academic project teams,
however, are susceptible to greater turnover as academic researchers and college student
developers freely move on and off software projects. Over the course of our study,
various college students on the LiNC project graduated, left college, or took research
positions on other projects. The principal investigators on the project also underwent
attrition as the starting group of six principal investigators dwindled to two near the end
of the project. Overall, the LiNC project carried an ever-changing base of researchers
and developers. Interestingly, the teachers stood as the most stable group of the project
as the original four teachers carried their participation through to the end of the project.
A project or a methodology that requires a fixed set of participants involved over
so many hours, days, and weeks of a prescribed schedule is simply unrealistic. In our
study, the project and the methodology were required to be extremely flexible and
accommodating in defining, organizing, and scheduling participatory activities. The
project and the methodology had to adjust to a changing project composition as well as
allow teachers and students to balance their classroom activities and organizational
constraints with the needs of the participatory design project. As stressed by Clements
and Van den Besselaar (1993, p. 35), “considerable improvisation informed by a holistic
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understanding of the local conditions will also be necessary” and “initiators should expect
the process to involve juggling many items and balancing competing demands.”
The attributes of the LiNC project placed specific demands on the design
methodology. For instance, analysis and design representations had to be intuitive such
that new team members could quickly grasp and apply the methods as well as
comprehend past analysis and design results. To this end, we found our use of claims,
scenarios, and paper prototypes to be effective. Teachers and developers alike found the
methods easy to understand and apply (see Section 10.2.5.1). Furthermore, competing
team members’ schedules required us to work with different numbers of people and
groups at different locations and times. We found that the participatory methods we
applied to be applicable and effective across different group sizes.
In addition to flexibility, the design methodology also had to be adaptable to
different analysis and design contexts. The analysis and design of software takes into
account many different factors and perspectives such as the native workplace or
environment in which the software is to be employed, the activities and tasks it supports,
the technological features and capabilities it integrates and provides, its architecture,
components, and software organization, and the predicted and observed impacts of its use
in the native environment. In our study, we sought to find analysis and design
representations and techniques that were applicable to and usable within these varied
contexts. For instance, as conveyed in Chapter 6, we applied claims analysis throughout
the analysis and design process to analyze various aspects of the design space.
Specifically, we used claims analysis to evaluate existing teaching practices and the
classroom environment, existing educational and collaborative technologies, envisioned
classroom activities, and fielded software in the classroom. As a general-purpose
analysis and design technique, claims analysis was able to accommodate many different
analysis and design functions and needs across the full development lifecycle.
As discussed in Chapter 7, scenarios were also applied in a persistent and
encompassing manner as they were used to describe existing learning activities as well as
envisioned computer-enhanced learning activities. Furthermore, they were also applied
to support different analysis and design tasks. For example, the teachers developed
scenarios to elaborate and highlight the details of various classroom lessons that would
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employ new software technology. Developers, on the other hand, constructed scenarios
to specify and validate the inner workings of specific technologies or features in the
context of their use within learning activities. In these two cases, scenarios were
effectively applied to address different areas of the design space and different design
needs of different stakeholders.
The use of claims, scenarios, and paper prototypes (see Figure 10-7) across the
analysis and design process had desirable, practical effects. It provided a consistent set of
representations and techniques that could be applied towards all kinds of analysis and
design functions. It provided a common language to all stakeholders to talk about
analysis and design results. It facilitated the transition, propagation, and evolution of
analysis and design results from one design activity to another. For example, developers
could take and possibly modify scenarios developed by teachers to serve as test cases for
validating system features.
Key Claims from Situated Technology Scenario
Feature: Single-user scientific simulation
Pros: provides opportunity to negotiate roles and collaboration among students; is an unlimited
resource that may be spawned on any computer; supports rapid data collection
Cons: concurrent execution is difficult to manage and synchronize joint work; mapping to real-world
Situated
Technology
phenomenon may not be obvious or clear; computer-competent students
may take
over the Scenario
simulation– Block and Plane Simulation
because they feel more comfortable in working with the computer; disrupts collaborative effort as
Felicity and Mertyl are middle school students in Ms. Snodgrass’ physical science class at Blacksburg Middle
students run separate simulations
School. Maynard and Ethel are middle school students in Ms. Crabtree’s physical science class at Auburn
Feature: On-line assignment
Middle School. The four students are assigned to work together on a friction experiment using a block and
Pros: offers shared viewing of assignment; conserves paper
plane simulation. The simulation is a single-user application. The assignment is posted on the Internet and is
Cons: requires access to a computer
accessible to students through Web browsers. The assignment consists of a description of the experiment,
Feature: Electronic whiteboard
experiment sheets for documenting resultant data, and a problem set related to the experiment.
Pros: offers a salient space for collaboration; supports sharing of text and images; increases awareness
of remote collaborators’ activities (via telepointers)
Each group is given two days to complete the assignment. Group work is performed during forty minute
Cons: students may erase or overwrite each other’s work; may support limited media or imports from
sessions over which the class periods of the two middle school classes overlap. Since each local class has
other useful applications; as a doodling space, it may distract students from other learning activities;
access to only three computers for this activity, different groups rotate through the computers over several
may become cluttered and difficult to navigate and manage
days.
Feature: Video conferencing
Pros: increases remote presence; makes learning experience more vivid
and
engaging;
natural to
During
their
workingissessions,
Felicity, Mertyl, Ethel, and Maynard communicate using a video
students
teleconferencing package. The students collaboratively define and set the input parameters to the simulation
Cons: may provide poor sound; students may be especially frustratedand
when
technical
occurseparately on their local machines. As the simulation executes, numerical
then
initiate problems
the simulation
Feature: Small number of computers in classroom
results are generated in a window. Each student gathers the resultant data from the simulation and writes it
Pros: makes the technology less physically intrusive
into an experiment worksheet that has been printed out from the on-line assignment.
Cons: requires students to time-share computers; prohibits class-wide activities
Feature: Short time intervals of class period overlap
Once the simulation data is collected, the group compares, analyzes, and integrates their local results. They
Pros: reflects typical scheduling of classes
then address and answer the problem set that is part of the posted on-line assignment. Each student copies the
Cons: restricts synchronous collaboration with remote sites
questions and completes the answers on separate sheets of paper. Furthermore, each student produces and
attaches to the assignment demonstrative graphs that show the simulation results. Throughout the
experiment, students use the electronic whiteboard to share various kinds of information including input
parameters, data, calculations, and graphs.

Figure 10-7. Consistent analysis and design representations.
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Adaptability of the design methodology is also important in the integration of
participatory design methods with other analysis and design techniques. In various
participatory design projects (Brown, 1997; Floyd et al., 1989; Grønbaek et al., 1993a),
participatory design methods were introduced into more conventional software lifecycles
that utilized more traditional analysis and design techniques. In such cases, participatory
design methods were intermittently applied and required to co-exist and hopefully
complement traditional methods.
In our study, we initially delivered the development team collected claims,
scenarios, and paper prototype screens as analysis and design products to be used to
guide system development. Developers found the scenarios and paper prototype screens
to be immediately intuitive and useful as representations of the test cases and user
interface screens. In fact, they reconstructed, extended, and elaborated the scenarios and
paper prototypes as new design criteria emerged during development. Unfortunately,
developers had some difficulty in processing the claims since they were in an
unconventional form and carried additional information and rationale (by design) that
confused and clouded their understanding and interpretation of the features. Rather, the
developers were accustomed to and expected traditional software engineering analysis
and design products such as requirements and design specifications (Pressman, 2001).
To accommodate the developers’ needs, we converted many of the collected claims into
standard lists of requirements and design features – essentially stripping away the
rationale behind the analysis and design of those features into a more unencumbered
form.
10.2.5.3 Design Roles and Functions

We apply Progressive Design because we want to engage teachers in actual
analysis and design work. This is not to say that the functions and skills of teachers and
developers should be interchangeable. Rather, teachers and developers each have
specific experiences, skills, and knowledge that are required in the construction of
educational software and these groups need a medium and process for integrating their
views and perspective. On the LiNC project, we wanted stakeholders to perform analysis
and design in areas in which they feel competent and comfortable. In general, all
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stakeholders perform analysis and design in some professional capacity. The key is to
leverage the design process on the natural analysis and design functions that stakeholders
perform on a daily basis and are in the best position to handle. Outcomes of this basic
strategy included the revolving emphasis between system and activity approach we
discussed in Section 10.2.2.1 and the emergence of specific design roles.
During the project, we did not assign members to specific roles but rather roles
naturally emerged during the course of interacting and performing analysis and design
work. In the teachers’ and developers’ questionnaires, we asked participants to list and
describe the primary roles on the project. From the responses, the most common roles
were teachers, students, developers, and designers. These roles were further elaborated
during follow-up interviews. In the following, we characterize these roles based on the
observations of teachers and developers.
Teachers wield knowledge of learning activities, classroom context, and personal
and organizational pedagogical goals. They are the everyday designers of classroom
activities as they adjust, modify, and carry out those activities in the course of their
normal working lives to fulfill their professional and educational objectives.
Consequently, teachers are in the best position to interpret they own activities and the
environment in which they are carried out. Once a computer system is available to
support a learning activity, teachers are the final authorities on how that system will be
used. Thus, an important function for teachers with respect to software development is to
design learning activities in conjunction with the design of educational systems so that
details of use may be revealed and fed back into system design.
Students are the primary users of educational technology. They apply educational
technology within a pedagogical framework prescribed by the teacher, which elicits
specific learning activities and outcomes and satisfies specific pedagogical goals. In
many cases, students are oblivious to the motivations and goals of particular learning
activities. Within the pedagogical framework established by the teacher, students exhibit
unique learning styles and behaviors. In our work with students, our goal was to
comprehend and capture characteristics of student collaborative and learning processes
(as it may or may not apply to specific computer technology) so as to inform the design
of both learning activities and educational software.
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Developers contribute an understanding of and interest in computer technology
and system development. With computer science and technology backgrounds,
developers are in the position to research and discern which technologies are most
relevant to the development of a specific system. Moreover, developers’ main function is
to design and construct systems. They know how to translate requirements into system
features, how to structure and organize system components, and how to program the
computer. Furthermore, they can assess what features of a system design may
realistically be developed and under what constraints. Developers, however, may not
fully understand the educational goals and tasks of teachers and students, and thus, may
not have a firm grasp on how a system will be employed to perform specific learning
tasks and fulfill specific pedagogical goals.
The complementary roles of teacher and developer suggest an interesting
alternative to full user and developer participation in all aspects of design. Although
broad-based user and developer involvement may be possible in some situations, we
found that teachers and developers are naturally drawn to the analysis and design
domains with which they are most familiar and comfortable. In general, teachers focus
on learning activities while developers focus on software systems.
Finally, designers facilitate the collaborative analysis and design processes. They
serve as intermediaries between teachers and developers - ensuring that analysis and
design results are shared and evolved among all parties. HCI designers are also the
possessors of the design methodology with a fundamental understanding of analysis and
design techniques and their application to specific domains. Unlike the more traditional
view of the system designer, designers in our study were not seen to be wholly
responsible for defining the design criteria for educational software, but rather they were
to elicit and harvest the design criteria from teachers and developers.
Clearly, some stakeholders may take on multiple roles. For example, some
teachers may have considerable system development experience or at least high exposure
to specific computer technologies. Conversely, some of the developers did have teaching
experience as they taught or had taught college-level computer science courses. Lastly,
HCI designers generally had system development experience as well.
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10.2.5.4 Focus on Teachers’ Participation in Educational System Design

Although we valued the participation of all stakeholders in participatory analysis
and design activities, we considered the teachers’ participation particularly vital because
•

teachers hold immense knowledge on teaching, pedagogy, and the classroom
context, which all need to be integrated into the educational software,

•

teachers are traditionally responsible for developing the lessons or learning
activities in which educational software is incorporated, and

•

teachers are the final authority on whether specific educational software is
applied in their classrooms.

For these reasons, we carefully monitored the teachers’ participation and emphasized it
beyond all others. In assessing teachers’ participation, we sought concrete results and
advancements in the teachers’ views of their own participation as well as in their
contributions to analysis and design results. We wanted teachers’ participation to have a
real and lasting effect on the design of educational software.
At the beginning of the LiNC project, the teachers anticipated a very limited role.
When asked to characterize their expected roles at the start of the project, the teachers
provided similar responses on the questionnaire.
Question: Prior to the start of the project, what role did you anticipate for
yourself on the LiNC project?
T1: I think I was expecting to be more of a guinea pig - you build it and I test it you pick my brain and leave.
T2: I did not truly understand the LiNC project but thought I would be asked to
try out programs with my students written by Tech people.
T3: Initial expectations were to function as contact with students. I thought we’d
be involved mostly with trial runs of software and possibly some data collection.
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T4: I thought the programs would be developed and we would test them with the
students and evaluate them - make suggestions for changes if need be.
The teachers’ responses indicate a rather passive role: they were to act primarily
as consultants on the project – validating educational software after it had been fully
designed and developed. The teachers had no expectations of being involved in the
actual design of the educational software that would eventually be fielded in their
classrooms.
In the end, however, teachers moderately believed that their ideas were
considered during the analysis and design process (1.75 avg.) and that they were
generally involved in the specific design of educational software (1.75 avg.) and the
Virtual School (1.75 avg.) (see Table 10-20). Table 10-21 shows that developers also felt
that the teachers were moderately involved in the design of educational software (1.75
avg.) and the Virtual School (1.75 avg.), and the teachers’ ideas were moderately to
strongly considered during the analysis and design process (2.50 avg.). As one developer
stated, “it seemed like the teachers were always around doing some sort of analysis work
or scenarios with us.” Another developer lamented, “Working with the teachers was so
exhausting” as “we picked their brains for hours on end.” These statements convey a
general sentiment among developers that they were not used to interacting and working
with users on such a regular basis and highlighted why developers believed that the
teachers ideas were considered and valued by the project team a little more than the
teachers believed.
Table 10-20. Teachers’ responses to questions regarding their
participation in the analysis and design of educational software.
Teacher’s View of own Participation in Analysis and Design Questions
34. The teachers’ ideas were considered during the analysis and design
process.
35. The teachers were involved in the design of the Virtual School.
36. The teachers were involved in the design of educational software.

T1

T2

T3

T4

Avg.

1

1

2

3

1.75

2
1

1
0

2
3

2
3

1.75
1.75

The questions of Table 10-22 further delve into the teachers’ participation to ask
about their contributions to specific technology and learning activity features. In the
design of specific tools such as the lab notebook and the scientific workbench, the
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teachers believed they mildly contributed to the conception and refinement of features to
those two tools (0.75-1.50 avgs.), but contributed moderately in defining how those tools
would be applied in the classroom and conveying the existing classroom and pedagogical
conditions (requirements) that warrant those tools (1.50-2.25 avgs.). With respect to
designing features of the learning activities of mentoring and long-term projects,
however, the teachers believed they contributed moderately to strongly in the design of
those learning activities in all aspects from their conception to their refinement,
application, and initial classroom analysis (1.75-2.50 avgs.).
Table 10-21. Developers’ responses to questions regarding the teachers’
participation in the analysis and design of educational software.
Developer’s View of Teacher’s Participation in Analysis and Design
Questions
37. The teachers’ ideas were considered during the analysis and design
process.
38. The teachers were involved in the design of the Virtual School.
39. The teachers were involved in the design of educational software.

D1

D2

D3

D4

Avg.

3

2

2

3

2.50

2
2

2
2

1
1

2
2

1.75
1.75

The scores of Table 10-22 convey a continued bias among teachers in accepting
ownership of lessons and learning activities and the role of applying educational
technology in the classroom, but still less willing to take ownership of the design of
educational software. Nevertheless, the teachers’ overall positive responses regarding
their contributions to the conception and refinement of educational software features is of
importance because it demonstrates the teachers’ perceived sense of positive impact on
system design.
To objectively gauge the teachers’ involvement in analysis and design, we may
examine their relative contributions to the development of various analysis and design
artifacts and results (Chin et al., 1997). We traced our collected analysis and design
products back to the stakeholders that originally identified and defined them. For this
exercise, we considered three classes of stakeholders: teachers, students, and software
developers. Software developers included both system designers and programmers. In
reality, resultant analysis and design artifacts are products of long-term collaboration
among the many stakeholders. In our assessment, we tried to identify the stakeholder
group that contributed most to the development of each specific analysis and design
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artifact and that was most likely to claim ownership for that artifact. We should note that
the analysis and design artifacts were generated through various participatory analysis
and design sessions. Teachers and developers were together involved in over forty of
these sessions, while students participated in about twenty sessions separate from those of
teachers’ and developers’. We chose not to normalize our results with respect to the
number of sessions or overall time spent in analysis and design, because we were mainly
focused on teachers and interested in examining the contributions and involvement of
teachers in absolute terms rather than looking at the efficiency of those contributions and
involvement.
Table 10-22. Teachers’ responses to questions regarding their
participation in the analysis and design of specific educational tools and
activities.
Teacher’s Participation in Analysis and Design of Specific Technologies
and Activities Questions
40. Teachers contributed to analysis and design of the following features:
Lab Notebook
Originally conceiving its features and capabilities
Refining its features and capabilities
Defining its use in the classroom
Describing how students use lab notebooks prior to LiNC
Scientific Workbench
Originally conceiving its features and capabilities
Refining its features and capabilities
Defining its use in the classroom
Describing how students develop and carry out experiments prior to
LiNC
Block and plane simulation mentoring activity between MS and HS
students
Originally conceiving its features and capabilities
Refining its features and capabilities
Defining its use in the classroom
Describing how students are mentored by other students and
professionals prior to LiNC
Long-term project activity
Originally conceiving its features and capabilities
Refining its features and capabilities
Defining its use in the classroom
Describing the projects that students carried out in class prior to LiNC

T1

T2

T3

T4

Avg.

1
2
3
3

-2
1
1
2

1
1
1
1

3
2
3
3

0.75
1.50
2.00
2.25

1
2
3
3

-2
-1
0
1

1
1
1
1

2
2
2
3

0.50
1.00
1.50
2.00

1
2
2
3

2
2
2
2

1
1
1
2

3
3
3
3

1.75
2.00
2.00
2.50

2
2
3
3

3
1
2
2

3
3
3
2

3
2
2
3

2.75
2.00
2.50
2.50

With respect to claims analysis, we found that teachers originally defined 58%
(148 of 254) of all the features and 57% (495 of 873) of all the associated consequences
that were collected over the course of our study (see Figure 10-8). Much of these
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features and consequences were generated during intense participatory analysis sessions
where we deferred to the teachers to describe and analyze educational activities occurring
in their classrooms. In separate sessions, students also participated in participatory
analysis sessions, but these sessions were very limited in duration based on the length of
the class period and were not as prolific in the development of features and consequences
as teachers’ sessions.

Relative Contribution to Features and
Consequences

% Contribution

70%
60%

Features
58% 57%

Consequences

50%
40%

29%

30%

25%

19%

20%

13%

10%
0%
Teachers

Students

Developers

Participant

Figure 10-8. Relative contributions to generation of features and
consequences by teachers, students and software developers.

In the development of scenarios, teachers again contributed the most results. To a
certain extent, the project team viewed scenarios as envisionments of future classroom
lessons and again largely deferred the development of these design artifacts to the
teachers because lesson planning and development is a standard part of the teacher’s
work. As a result, teachers developed 73% (43 of 59) of the scenarios produced during
our study as shown in Figure 10-9. Developers produced the remaining 27% (16 of 59)
of the scenarios, but those scenarios were primary used to provide context for the testing
of system features and were largely based on scenarios developed earlier by teachers. As
we previously explained, we did not involve students directly in scenario-based design
activities.
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Relative Contribution of Scenarios

% Contribution

Scenarios
80%
70%
60%
50%
40%
30%
20%
10%
0%

73%

27%

0%
Teachers

Students

Developers

Participant

Figure 10-9. Relative contributions to generation of scenarios by
teachers, students and software developers.

In examining paper prototype results, we examined the individual screens that
were developed over the course of the study. Of the prototype screens that were
collected, 32% (51 of 161) were developed by teachers. As shown in Figure 10-10, the
generation of paper prototype screens was comparable across the three stakeholder
groups. In general, participants found paper prototyping to be easy and natural and
enjoyed the creative experience.
In addition to examining the teachers’ participation in analysis and design
activities, we also wanted to determine the effect of their participation on the design of
educational software. Did the teachers’ participation produce tangible results in system
design? In a design document for the Virtual School, 103 system features were identified
and described. Many of these system features evolved from the claims, scenarios, and
prototypes that were previously developed. As we collected artifacts during the course of
analysis and design, we kept track of the participant(s) that originated each ethnographic
term, theme, claim, scenario, or paper prototype screen. Furthermore, we tracked how
the artifacts evolved over time into the final system design features. Thus, we were able
to map system features back to the participant(s) that originated them.
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Relative Contribution to Prototype
Screens
Screens

% Contribution

40%
32%

33%

Teachers

Students

35%

30%
20%
10%
0%

Developers

Participant

Figure 10-10. Relative contributions to generation of paper prototype
screens by teachers, students and software developers.

In tracing the system features back to their original sources, 36% (37 of 103) of
them emerged from analysis and design products generated by teachers as shown in
Figure 10-11. Not surprisingly, the developers were the biggest source of system features
as they defined 44% of them. We partially attribute this result to the developers having
full control of the system design process and their freedom to spontaneously add features
during their normal course of design and development. Nevertheless, the fact that a
significant portion of the system features evolved from the teachers’ analysis and design
work is a promising outcome. In effect, the teachers’ analysis and design products and
results were finding their way into system design.
10.2.6 Establishment of a Shared Work Environment

In accordance with Proposition 6, another objective of Progressive Design is to
establish a shared, equal environment and context where teachers and developers may
partake in social grounding to establish social protocols and a group identity. Shared
analysis and design activities among teachers, designers, and developers provided strong
opportunities for group interaction, team building, and the development of mutual trust,
which plays a critical role in the effectiveness and successful functioning of the group.
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Relative Contribution to System Features
System Features

% Contribution

50%

44%
36%

40%
30%

20%
20%
10%
0%
Teachers

Students

Developers

Participant

Figure 10-11. Relative contributions to generation of Virtual School
system features by teachers, students and software developers.
10.2.6.1 Group Interaction

During interviews, teachers expressed their appreciation for the usefulness of
Progressive Design in the “brainstorming of ideas” and in the development of “creative
ideas that were brought forth.” Another teacher emphasized, “It did seem like somebody
was listening – finally – during these sessions.” When queried further about this
statement, the teacher expressed his early frustrations in passing ideas and opinions to
researchers and developers on the LiNC project and found that the Progressive Design
sessions gave teachers, researchers, and developers a needed forum and environment for
interacting with one another on shared functions and tasks.
The Progressive Design sessions were also seen to be important in the
development of social structures and protocols and a project group identity. As one
teacher expressed,
In many respects, “the participatory design sessions” both defined the problem
and began the formation of group identity. The early social activities also helped
define roles and characters.
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The Progressive Design sessions gave teachers and developers the opportunity to interact
with a diverse group of people, learn of one another’s abilities and backgrounds, and
view one another’s personality traits and nuances.
Teachers did not only appreciate their interactions with developers availed
through the participatory activities, but also valued the relationships they developed with
the other teachers. As one teacher emphasized, “Working with other teachers at the same
time was good.” Another teacher remarked that the Progressive Design activities
provided him “more access to some colleagues that (he) otherwise never would have
had.” The Progressive Design activities provided an opportunity for the teachers to
intensely interact and work as a group. Whereas at the onset of the LiNC project when
only two of the teachers were familiar with one another, the teachers were able to evolve
into a cohesive, empowered group over time. The development of the teachers’ group
seemed natural and expected as the teachers had common backgrounds, experiences,
goals, and objectives. It was instinctive for teachers to share their educational ideas,
thoughts, and know-how with one another.
10.2.6.2 Mutual Trust

Effective group interaction and social grounding require the establishment of
some level of mutual trust among group members (Axelrod, 1984; Gurtman, 1992;
Shapiro, 1987). In our case study, a key focus was on building mutual trust between
teachers and software developers. Since developers were relinquishing some of their
responsibilities in gathering requirements and designing systems to teachers, they needed
to trust teachers in their abilities to accomplish these system development functions. If
developers failed to trust the teachers in the analysis and design of educational software,
they would be hesitant to share control and responsibility and the participatory process
would suffer. Conversely, if teachers did not trust developers to construct appropriate
and useful systems, they would not champion the new technology to other teachers and
school administrators, and would likely abandon the educational systems produced by the
developers.
As shown in Table 10-23, teachers moderately trusted the developers on the
project (2.25 avg.). During interviews, the teachers believed the developers to be
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competent in their system development skills, although there was some skepticism on
whether the developers could produce and deploy educational systems on schedule. In
contrast, developers were less trusting of their counterparts. As shown in Table 10-24,
developers were neutral in their trust of teachers (0.00 avg.). During the follow-up
interviews, the developers spoke mainly of trust from the view of designing software
systems. There was a feeling among two of the developers that the teachers lacked the
required experience, skills, and technical creativity to design innovative systems. Rather,
these critics believed that the design of any educational system should rest squarely in the
hands of developers who understand the technology and have the experience and
knowledge to build software systems. Furthermore, these critics believed that the
teachers’ role should be one of informing design rather than performing it. We sensed
that these critics were somewhat territorial of their system development role and work,
and felt threatened by the teachers’ intrusion into the analysis and design work that
developers traditionally perform.
Table 10-23. Teachers’ responses to questions regarding their trust of
developers.
Teacher’s Trust of Developers Question
41. I trust the developers on the LiNC project.

T1

T2

T3

T4

Avg.

2

3

2

2

2.25

Table 10-24. Developers’ responses to questions regarding their trust of
teachers.
Developer’s Trust of Teachers Question
42. I trust the teachers on the LiNC project.

D1

D2

D3

D4

Avg.

2

1

-2

-1

0.00

10.2.7 Mutual Learning

The collaborative environment established through Progressive Design activities
aid in the accumulation and sharing of knowledge. Proposition 7 theorizes that
Progressive Design would promote the cross-fertilization of ideas, knowledge, and
experiences between teachers and developers. In general, teachers did believe that
mutual learning was an important result of Progressive Design as illustrated by the
following teachers’ comments during follow-up interviews.
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T1: Making others understand the teacher terminology and what we wanted and
what we were asking for.
T2: To understand each other better - teacher’s classroom, developer and
computer.
T3: Mutual respect grew out of understanding other’s field of endeavor.
The developers also had similar views.
D2: Learning about the classroom and how teachers teach was important
because it led us to think about how the teachers see our programs fitting their
teaching needs.
D3: We really had no context until the teachers came fully onboard.
D4: We needed to understand how the software was going to be applied and used
in classroom.
When asked how well they understood one another’s fields, teachers mildly to
moderately did not understand the work of developers at the beginning of the project (1.50 avg.) (see Table 10-25), but the teachers’ understanding improved by 2.50 points (to
1.00 avg.) near the end of the case study. Similarly, as shown in Table 10-26, developers
were asked if they were familiar with the events and activities of the science classroom.
At the start of the LiNC project, the developers moderately did not understand what goes
on in the science classroom (-1.75 avg.). This understanding improved 2.75 points (to
1.00 avg.) over the course of the project. Thus, Table 10-25 and Table 10-26
demonstrate a marked improvement in the teachers’ and developers’ understanding of
one another’s environments and professions.
When asked to assess their counterpart’s knowledge, the teacher mildly believed
that developers did not understand the science classroom environment at the beginning of
the project (-0.75 avg.) (see Table 10-27). As a result of Progressive Design activities,
teachers believed that the developers’ understanding of the science classroom
environment improved 2.00 points (to 1.25 avg.) by the end of the case study. As for
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developers, they initially believed that teachers moderately did not understand how to
design educational software (-2.00 avg.) (see Table 10-28). This perception improved by
an astounding 3.25 points (to 1.25 avg.) by the end of the Progressive Design effort.
Table 10-25. Teachers’ responses to questions regarding their
knowledge in the design of educational software.
Teacher’s Comprehension of Software Design Questions
43. At the start of the LiNC project, I understood what developers do when
they design educational software.
44. Today, I understand what developers do when they design educational
software.

D1

D2

D3

D4

Avg.

-2

-2

-2

0

-1.50

2

0

1

1

1.00

Table 10-26. Developers’ responses to questions regarding their
knowledge of the science classroom.
Developer’s Comprehension of Science Classroom Questions
45. At the start of the LiNC project, developers understood what goes on in
the science classroom.
46. Today, developers understand what goes on in the science classroom.

D1

D2

D3

D4

Avg.

-1

-2

-3

-1

-1.75

2

1

0

1

1.00

Table 10-27. Teachers’ responses to questions regarding their
perception of the developers’ knowledge of the science classroom.
Teacher’s Perception of Developers’ Comprehension of Science Classroom
Questions
47. At the start of the LiNC project, I felt that developers understood what
goes on in the science classroom.
48. Today, developers on the LiNC project understand what goes on in the
science classroom.

T1

T2

T3

T4

Avg.

2

-1

-1

-3

-0.75

2

1

1

1

1.25

Table 10-28. Developers’ responses to questions regarding their
perception of the teachers’ knowledge in the design of educational
software.
Developer’s Perception of Teachers’ Comprehension of Educational
System Design Questions
49. At the start of the LiNC project, I felt that teachers understood how to
design educational software
50. Today, teachers on the LiNC project understand how to design educational
software

D1

D2

D3

D4

Avg.

-2

-1

-3

-2

-2.00

1

2

1

1

1.25
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The teachers’ engagement in software analysis and design left a lasting
impression. They were particularly daunted by the level of effort and work required in
system development. As one teacher expressed,
T2: I never realized how much goes into the development of a software project.
The amount of discussion and thought that comes about through research.
Developers also had a similar appreciation for the teachers’ work as conveyed in
the following comments.
D1: I never thought about how much teachers have to consider when they put
together lessons. They have to figure out how to describe or express some
scientific thing so that it means something to kids.
D2: Boy, there is so much going on the classroom. I don’t know how the
teachers manage to manage it. I could never do it.
Such comments convey the teachers’ and developers’ mutual growing awareness and
appreciation of one another’s professions and work.
10.2.8 Shared Responsibility and Control

Having a shared environment where teachers and developers can team build,
share knowledge and experiences, and perform social grounding is critical in Progressive
Design, yet having these qualities alone does not guarantee effective participation and
collaboration. For one, teachers and developers have to be motivated and want to
participate in collaborative design. They need to recognize the benefits of their
participation and buy in into the process and emerging products. Second, teachers and
developers need to be sufficiently empowered on the project to carry out and make
decisions on system features and designs. They need to know their analysis and design
views carry weight on the project and will have bearing on the final software products.
This brings us to Proposition 8, which emphasizes that Progressive Design will
promote a context of shared responsibility, distributed empowerment, and mutual control
among teachers and developers. The focus of this section is on teachers’ buy-in and
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empowerment. To a certain extent, we assume developers already buy into and are
sufficiently empowered on a participatory design project because system analysis and
design falls squarely within their traditional roles and expectations. In contrast, teachers
on a participatory design project have to establish competence and power in a foreign
domain and accept a role to which they are not normally accustomed.
10.2.8.1 Ownership, Buy-in, and Commitment

If teachers were to buy into the design process and the final educational product,
they may champion the software product amongst other teachers and school
administrators. HCI researchers believe that champions within a targeted domain are
essential to the effective deployment of a software system (Clement and Van den
Besselaar, 1993; Vredenburg et al., 2002). For this to happen, teachers must accept and
acknowledge their involvement and achievements in the design of the educational
product and care about its survival. They must accept some ownership of the product as
well as buy into its usefulness and effectiveness as an educational tool.
Early on in the analysis and design process, we had teachers and developers
evaluate videotaped classroom scenarios of various learning activities such as teachers
giving lectures, teachers conducting demonstrations, students performing physical
experiments, and students giving oral reports. One of the objectives of these early
classroom scenarios was to emphasize the pedagogical aspects in the development of
educational technology. We wanted teachers to develop a greater sense of ownership in
analysis and design since the classroom scenarios were authentic activities that teachers
experienced and that occurred in the teachers’ world. As expert practitioners in the
educational setting, the teachers naturally felt they owned the real-world activities they
interpreted and analyzed. From this initial sense of ownership of the classroom
scenarios, we hoped that teachers would be able to establish a more general sense of
ownership throughout the design process as their practice is continually analyzed and redesigned.
When we asked teachers, however, about their sense of ownership of the products
coming out of the LiNC project, we found two different results. As shown in Table
10-29, teachers mildly did not believe they owned the educational software under
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development (-1.25 avg.), but rather felt that developers owned the educational software
(2.25 avg.). With regard to the designed learning activities, however, teachers
moderately to strongly believed they owned the computer-enhanced learning activities
(2.50 avg.) and that developers moderately to strongly did not have ownership of the
learning activities (-2.50 avg.). Conversely, as shown in Table 10-30, developers
moderately believed they owned the educational software (1.75 avg.) and were neutral in
their belief that teachers owned the educational software (0.00 avg.). Furthermore,
developers moderately did not believe they owned the computer-enhanced teaching
activities (-2.25), but moderately believed that teachers owned the teaching activities
(2.25 avg.).
Table 10-29. Teachers’ responses to questions regarding ownership of
new educational software and learning activities.
T1

T2

T3

T4

Avg.

-1

-1

-3

0

-1.25

52. I feel like the developers own the educational software under
development.
53. I feel like the teachers own the new computer-enhanced learning activities.

3

2

3

1

2.25

3

2

3

2

2.50

54. I feel like the developers own the new computer-enhanced learning
activities.

-2

-3

-3

-2

-2.50

Teacher’s Sense of Ownership Questions
51. I feel like the teachers own the educational software under development.

Table 10-30. Developers’ responses to questions regarding ownership of
new educational software and learning activities.
Developers’ Sense of Ownership Questions
55. I feel like the teachers own the educational software under development.

D1

D2

D3

D4

Avg.

-1

1

0

0

0.00

56. I feel like the developers own the educational software under
development.
57. I feel like the teachers own the new computer-enhanced learning activities.

2

1

2

2

1.75

2

2

3

2

2.25

58. I feel like the developers own the new computer-enhanced learning
activities.

-2

-3

-2

-2

-2.25

These views suggest that although we would ideally like teachers and developers
to share equal power and ownership in the development of educational software, such
desires are not likely to be met. Although we have tried to homogenize analysis and
design tasks through the use of Progressive Design methods, teachers and developers still
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have individual tasks that are not shared. Developers will continue to be ultimately
responsible for the implementation of systems while teachers will continue to be
ultimately responsible for implementing the learning activities. Thus, the initial lines of
ownership between teachers and their educational practice and developers and their
technology development are constantly reaffirmed. Thus, teachers and developers are not
likely to share equal control and power over the various aspects of system analysis and
design. Nevertheless, Progressive Design does provide an avenue for teachers to
contribute greater input into the design process and products as demonstrated by the
teachers’ belief that their input is being considered on the project (see Table 10-20).
When asked about their commitment to educational software developed on the
project, the teachers were neutral to mildly committed (0.50 avg.) as shown in Table
10-31. The level of commitment increased 1.50 points since the beginning of the project
(-1.00 avg.), but still does not represent a significant commitment to the educational
software on the part of the teachers. When further queried, the teachers generally
explained that the lack of commitment was not a reflection of their perceptions of the
quality or usefulness of the software. Rather, the lack of commitment was more of a
commentary on how teachers dynamically mix and match lessons, tools, and teaching
approaches to fulfill different educational goals during the course of the school year.
Teachers did not want to restrict their freedom and creativity in designing lessons and
curriculums by committing to any single tool.
Table 10-31. Teachers’ responses to questions regarding commitment to
educational software.
Teacher’s Commitment to Educational Software Questions
59. At the start of the project, I was committed to using any educational
software that LiNC might develop after the project is over.
60. Today, I am committed to using any educational software that LiNC might
develop after the project is over.

T1

T2

T3

T4

Avg.

0

-1

0

-3

-1.00

1

1

0

0

0.50

10.2.8.2 Empowerment of the Teachers

In examining a number of participatory design projects, Clement and Van den
Besselaar (1993) found that developers and users often had difficulty in breaking their
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respective traditional roles of developing and evaluating software systems. During
participatory sessions, users were often found to be passive in their participation and to
defer system analysis and design issues to the developers of the project teams.
Conversely, developers also expressed difficulty in relinquishing control of analysis and
design functions to users. These struggles “reflect deep-rooted patterns of behavior on
the part of both system developers and users” (Clement and Van den Besselaar, 1993, p.
33). These are the same issues we alluded to in the previous section.
An important goal of the LiNC project and our Progressive Design efforts was not
only to give teachers the tools to conduct system analysis and design but also the status
and power required to effectively function as system designers. One of our worst fears
was to have teachers involved in the construction of system designs, but then to have
those design summarily dismissed or discarded by developers. To establish a more
equitable power structure on the LiNC project, the project team had to evolve in two
ways. First, the LiNC project was the brainchild of a few founding people who naturally
claimed ownership of the project from the start. To establish distributed empowerment
and mutual control, a sense of ownership had to be transitioned and disseminated across
the project team. Second, the teachers needed to develop and gauge their own
competence in system design. They had to lose any phobia of computer technology as
well as gain confidence in their own abilities to design and apply educational software.
The LiNC project was largely conceived and initiated by Virginal Tech
researchers and heavily staffed with Virginia Tech students. Early on, the teachers
wielded very little power and control over the project, and were willing to concede
project direction to the Virginia Tech researchers. Their lack of power, control, and input
on the project often led the teachers to feel like “outsiders,” as emphasized by the
following statements of two teachers who described their early personal experiences on
the project.
T2: Having the feeling of being an outside observer to intra-departmental
debate.
T4: The teachers seemed to be left out - teachers should have had more input
from the beginning.
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These views are substantiated by teachers’ responses on the questionnaire. As
shown in Table 10-32, the teachers were neutral in their belief that they were in control
during the analysis and design session (0.25 avg.), but mildly to moderately believed that
the developers were in control (1.50 avg.). Similarly, as shown in Table 10-33,
developers believed that teachers mildly were not in control during the analysis and
design sessions (-1.00 avg.), while developers were mildly to moderately in control (1.50
avg.). These responses suggest that the distributed empowerment and control we hoped
would emerge from Progressive Design did not fully materialize.
Table 10-32. Teachers’ responses to questions regarding their sense of
control during analysis and design.
Teacher’s Sense of Control Questions
61. The teachers were in control during the analysis and design process.
62. The developers were in control during the analysis and design process.

T1

T2

T3

T4

Avg.

1
2

-1
1

2
2

-1
1

0.25
1.50

Table 10-33. Developers’ responses to questions regarding their sense of
control during analysis and design.
Developer’s Sense of Control Questions
63. The teachers were in control during the analysis and design process.
64. The developers were in control during the analysis and design process.

D1

D2

D3

D4

Avg.

-2
2

-1
1

0
1

-1
2

-1.00
1.50

Nevertheless, as we previously conveyed, teachers did believe they significantly
contributed to the design of educational software and the Virtual School (see Table
10-20), so they were still able to infuse ideas and effect change to the educational
software being developed. Furthermore, as we shall see, there were clear signs that the
teachers became more vocal and proactive over the course of the project – effectively
advancing their stature and influence.
The empowerment of the teachers on the project depended on their abilities to
organize as a group to represent an essential contingency of the project. The
development of a teacher group identity was critical, because it provided the teachers a
stronger voice through “strength in numbers” against the established academia on the
project. The Progressive Design activities also contributed to the empowerment of the
teachers by allowing them to conduct real analysis and design work, which confirmed to
the teachers that they had the capacity and skills to design educational systems. Thus, the
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teachers became less willing to concede the design of educational systems to the expert
developers because they were becoming expert system designers themselves. As one
teacher emphasized,
The more scenarios we did, the more I saw how the software and my lessons were
mixed together. Our teaching knowledge and experiences had to somehow find
their way into software and that was our job.
The cohesiveness of the teachers’ group grew over time to the point that
individual teachers felt uncomfortable conducting analysis and design activities apart
from the rest of the other teachers. For instance, in a series of paper design sessions, we
met with each teacher individually to gather requirements and input for an evolving paper
prototype of the Virtual School. For this activity, we met the teachers individually
primarily because we could not find an extended time when all teachers could meet. On
the written questionnaires, the teachers expressed that they were bothered by the isolation
of teachers in these design activities and preferred not to be separated. In a real sense, the
teachers drew strength from one another, such that they viewed themselves as vulnerable
when isolated from the other teachers.
As the cohesiveness of the teachers’ group strengthened, so did its initiative and
influence on the LiNC project. The empowerment of the teachers is well illustrated by an
inflection point on the LiNC project where the focus shifted from short-term learning
activities to long-term projects. Design and development during the early stages of the
project concentrated on applying collaborative and educational technologies in support of
specific learning activities or experiments. The teachers, however, strongly felt that the
benefits of collaborative learning were best harnessed over a longer period of time where
remote students could develop stronger interactions and relationships.
The teachers presented the shift in focus to the rest of the LiNC project team at a
project meeting. The shift represents a critical turning point on the project. It was the
point in the project where the teacher’s felt fully empowered in effecting the direction of
the project. As one teacher expressed, “the teachers form a cabal and propose an
alternative approach.” Carroll et al. (2002) emphasized the significance of this event:
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What is significant is that the teachers took the initiative to develop and articulate
a central design concept to the group as a whole and that this design concept
entailed more responsibility and more work for them… Rather than responding
to our visions, they were contributing a vision. Rather than agreeing to a
workplan, they were providing a strategy for the workplan.
Emboldened by the project’s acceptance of their ideas and directions, the teachers were
energized from that point on. They began meeting regularly as a subgroup to hash out
and share more ideas and pursue more collaborations. They worked to develop additional
computer-based learning activities, which effectively drove the software development
efforts on the LiNC project. Through all this, the teachers exhibited a clear sense of
ownership over the design of the classroom activities.
The significance of the aforementioned event to the teachers was also revealed in
their views of the project timeline. On the questionnaire, the teachers were asked to draw
a timeline of the project and to mark it with important events. Figure 10-12, presents one
of the teachers’ timelines that is extremely consistent with those of the other teachers. As
in Figure 10-12, the teachers’ timelines all listed the general participatory activities that
occurred on the project from participatory analysis to paper prototyping to evaluation.
Interestingly, however, all the teachers’ timelines also identified and highlighted the shift
to long-term project as a seminal event on the LiNC project. This illustrates how
significant and memorable this event was to the teachers.
Furthermore, we asked teachers whether the shift from short-term learning
activities to long-term projects would have occurred had they not undergone the
Progressive Design process. As shown in Table 10-34, the teacher moderately believed
that the shift would not have occurred (1.75 avg.). Thus, the teachers generally believed
that the Progressive Design process did contribute at some level to the occurrence of this
critical event.
10.2.9 Teacher Transformation

Proposition 9 hypothesizes that Progressive Design will transform and broaden
the pedagogical and technical capabilities of teachers by extending their skills and
385

expanding their roles. As teachers progressed in their Progressive Design efforts and
applied various design techniques, they did develop and practice their skills in system
design. The experience also changed their perceptions of computer technology and
educational software as they more fully understood how such systems are designed and
applied. Teachers’ perceptions of their own roles changes as well – seeing how they
could directly influence and sculpt the features, capabilities, and designs of educational
software.

A. Jan-Apr 96 - we meet each other and talk about the grant
B. Jul 96 - 2 weeks of in-depth “talk” and “brainstorming’
C. Oct-Jan 96 - we try out e-mail, internet, video conferencing, simulations
D. Apr 97 - teachers ask for project-based VS
E. Jul 97 - summer mock up of VS
F. Oct 97-Jan 98 - testing of available features and integration into classroom activities
G. Apr 98 - products with or w/o VS featured support are done
H. Jul 98 - we analyze, evaluate and probably revise VS for 98-99 school year!

Figure 10-12. A teacher’s identification of significant events along the
LiNC project timeline.

Table 10-34. Teachers’ responses to questions regarding the teachers’
push for long-term projects.
Teacher’s Move to Long-Term Projects Question
65. The shift of focus on LiNC from individual experiments to projects would
not have occurred had we not undergone the participatory analysis and
design process.

T1

T2

T3

T4

Avg.

1

2

1

3

1.75
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10.2.9.1 Increased Competence in System Design

Participatory design researchers have noted that increased user competence in
analysis and design functions is an important outcome of a participatory design project
(Clement and Van den Besselaar, 1993). As we alluded to in the previous section, the
more competent users become in performing analysis and design, the more likely they
will take greater initiative and responsibility in contributing to system development.
Moreover, users with these capabilities are more likely to understand the social and work
implications of the designed technology. As such, the teachers in our study also believed
that they gained new skills and capabilities through the Progressive Design efforts. As
shown in Table 10-35, teachers believed that they were moderately better able to design
science-based educational software (1.75 avg.) and mildly to moderately better able to
design computer-based learning activities (1.50 avg.).
Table 10-35. Teachers’ responses to questions regarding their personal
growth on the project.
Teacher’s Personal Growth Questions
66. As a result of my experience in the analysis and design process, I am more
capable of designing science-based educational software than when the
LiNC project first started.
67. As a result of my experience in the analysis and design process, I am more
capable of designing computer-based learning activities than when the
LiNC project first started.

T1

T2

T3

T4

Avg.

3

2

1

1

1.75

2

2

1

1

1.50

A sense of competence in software analysis and design was an essential ingredient
for the teachers’ personal and professional growth. As we shall further elaborate in this
section, the teachers’ new experiences and skills allowed them to view and think about
their educational practices from a different perspective (as system designers). This
allowed the teachers to redefine their teaching practices and roles along a new dimension.
Furthermore, as the teachers gained in their analysis and design skills and knowledge,
they were able to better understand the motivations, practices, and needs of software
developers. This placed the teachers in a stronger position to collaborate, affect, and
control what was largely considered a system development project.
As we have alluded, the teachers underwent a transformation in their roles as they
gained competence and confidence in their software analysis and design abilities. Other
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participatory design researchers have noted that users participating in participatory design
projects often evolve from being traditional experts in the field to teachers and
consultants of the new technology of which they helped to design (Clement and Van den
Besselaar, 1993). The teachers in our study followed this same path. For instance, the
teachers were heavily involved in a series of science and mathematics training workshops
for middle and high school teachers in Montgomery County, Virginia. The workshops
were supported by the federal Eisenhower Professional Development Program (U.S.
Department of Education, Office of the Under Secretary, Planning and Evaluation
Service, 1999) administered in Virginia by the State Council of Higher Education.
During these workshops, the LiNC teachers mentored and coached other teachers conveying their experiences and knowledge in the design and use of educational
technologies such as those developed on the LiNC project. Beyond these workshops, the
teachers also co-authored a number of papers to educational and computer science
conferences and publications. The teachers engaged in these training and publication
efforts not as passive computer users but rather in their new found roles as active
designers of educational software and computer-mediated learning activities.
10.2.9.2 Changes in Perceptions

In our study, the teachers were required to adjust their expectations and
perceptions and shed the traditional roles to which they were accustomed. The ability to
make this transition was vital to the teachers’ development and growth. Recalling the
discussion in Sections 10.2.5.4, teachers initially expected to play a passive role on the
project as evaluators of designed systems. As one teacher described it, they were to be
“guinea pigs” on the project to be subjected to technologies and tools solely defined and
created by developers. This view of their roles changed. When asked to describe their
ideal role on the project at the end of the case study, the teachers provided descriptions
that were typical of the following.
T2: (1.) Definition of the instructional tools’ intent and capabilities. (2.)
Designer of uses of the instructional tools. (3.) Evaluation (along with other
design team members) of the product and its impact.
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T3: Developers and teachers spend more time in the actual design and
administrators just checking occasionally to see if we are on the right track – but
that is what it is more like now.
Through comments such as these, the teachers embraced a more active role in both
software analysis and design.
Table 10-36 lists several questions that illustrate the teachers’ changes in
perceptions and expectations with respect to their roles and participation on the project.
At the start of the LiNC project, the teachers had mildly not been previously involved in
educational system design work (-0.75 avg.) and mildly did not expect to be involved in
system design on the LiNC project (-1.25 avg.). At the start of the project, teachers also
mildly believed that they should be involved in the design of educational software (0.75
avg.). Near the end of the case study, however, the teachers’ view of the importance of
their participation in design increased 1.25 points (to 2.00 avg.).
Table 10-36. Teachers’ responses to questions regarding their roles and
participation on the project.

68.
69.
70.
71.

Teacher’s Perceptions and Expectations of Roles and Participation
Questions
Prior to LiNC, I had been involved in the design of educational software.
At the start of the LiNC project, I expected the teachers to participate in
the design of educational software.
At the start of the LiNC project, I felt it was important that teachers be
involved in the design of educational software.
Today, I feel it is important that teachers be involved in the design of
educational software.

T1

T2

T3

T4

Avg.

-3
0

-1
-2

-1
-1

2
-2

-0.75
-1.25

0

2

1

0

0.75

2

2

2

2

2.00

With regard to their general views of computer technology as educational tools,
the teachers mildly did not believe that distance learning was a valid, valuable concept at
the start of the project (-1.00 avg.) (see Table 10-37). This belief improved 2.25 points
(to 1.25 avg.) by the end of the case study. Prior to the project, teachers moderately did
not pursue collaborative activities with other teachers and classes (-1.75 avg.). Projecting
into the future, however, teachers moderately believed that they would continue pursuing
collaborative activities with other teachers and classes (1.75 avg.). This change in views
represents a 3.50 point increase. Teachers also moderately believed that they would
continue deploying computer-based learning activities in their classrooms after the LiNC
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project had ended (2.25 avg.). Overall, the data of Table 10-37 reflect the teachers’
growing confidence in their design capabilities and growing support for the design
products they create.
Table 10-37. Teachers’ responses to questions regarding their views of
computer technology as educational tools.
Teacher’s View of Computer Technology as Educational Tools Questions
72. At the start of the project, I believed that distance learning was a valid,
valuable concept.
73. Today, I feel that distance learning is a valid, valuable concept.
74. Prior to LiNC, I pursued collaborative activities with classes and schools
outside my own.
75. In the future, I intend to pursue collaborative activities with other classes
and schools outside my own.
76. I will continue to deploy computer-based learning activities in my
classroom after the LiNC project is over.

T1

T2

T3

T4

Avg.

1

-2

0

-3

-1.00

1
-1

0
-2

2
-1

2
-3

1.25
-1.75

1

2

2

2

1.75

2

2

2

3

2.25

390

11 Conclusions
In this final chapter, we summarize the findings and results from our case study,
discuss some its prominent features, and elaborate specific lessons that were learned
during the course of our investigation and analysis.
11.1 Key Points

This comprehensive study presents a wide variety of concepts, issues, and
findings regarding the application of Progressive Design in the K-12 educational setting
and context. Among the most prominent points include:
•

K-12 students and teachers are capable of meaningfully participating in and
contributing to the analysis and design of educational software.

•

An effective participatory design approach may be crafted to enable and facilitate
student and teacher participation.

•

Progressive Design improves the practicality and relevance of educational
software.

•

Progressive Design improves the teacher’s ability to effectively integrate
educational software into his or her curriculum and classroom.
In a general sense, the goal of the case study was to verify whether K-12 students

and teachers could effectively participate with developers and designers in participatory
design to garner its recognized benefits. Our general findings show that K-12 students
and teachers were able to comprehend and apply the participatory representations and
methods, and actively and effectively participate in educational software analysis and
design. The fact that students and teachers generated a majority of the claims, scenarios,
and paper prototype screens illustrates their effectiveness and high level of contribution.
To engineer a viable path to the benefits of participatory design, we evolved a
participatory development approach or framework that strove to make the use of analysis
and design representations and methods logically coherent, consistent, and sound. We
demonstrated how our development approach, called Progressive Design, was able to link
and advance analysis and design representations throughout the development process and
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to concurrently and incrementally evolve the designs of both educational systems and
learning activities.
The main hypothesis of this dissertation claims that the application of Progressive
Design in the development of educational technology will improve the practicality and
relevance of the technology for classroom education as well as improve the teacher’s
ability to effectively integrate the technology into his or her curriculum and classroom.
Along these lines, we found Progressive Design to provide concrete benefits towards the
technical development of educational software by better capturing the classroom context
and teaching pragmatics, facilitating the integration of pedagogical requirements and
technological affordances, and considering and designing for the system’s eventual use in
class lessons and learning activities.
We also found Progressive Design to promote the social and cognitive
development of teachers by supplying them new software analysis and design skills and
capabilities, providing them opportunities to interact with developers in a more open
environment, and changing their perceptions of their own roles towards that of teacherdesigners. Ultimately, these effects positively influenced teachers and their abilities to
apply and incorporate educational software into their teachings and classrooms.
11.2 Traceability of Analysis and Design Results

As describe in Section 10.2.8.2, we found that teachers and developers tend to
move towards stereotypical roles where teachers would focus on learning activity design
and developers would focus on system design. Yet, the specific analysis and design
artifacts and results that teachers produced did have direct impact and real consequences
on system design. In hindsight, we wished we could have better conveyed and
highlighted the many paths and relationships between the teachers’ design efforts and the
educational software applications that were produced on the project such that both
teachers and developers would better recognize and appreciate the teachers’ contributions
to system design as well as elevate their roles.
The Progressive Design approach provided a logical development path that
evolved analysis and design artifacts in an effective and useful way. In some cases, the
evolution of analysis and design results was readily apparent such as when previous
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ethnographic results, claims, and scenarios were recalled and modified. In other cases,
the progression of analysis and design results were not as evident such as when
computer-generated templates were constructed from paper prototype screens.
Regardless, we believe that we should have maintained greater traceability of analysis
and design results to better capture where ideas emerged, how concepts were modified,
and when interactions took place. We speculate that awareness of this kind of historical
information would have allowed teachers and developers to better understand how their
input and contributions led directly to the design of educational systems. This could have
potentially led to a greater sense of ownership of developed systems among the teachers
and a greater appreciation of the teachers’ efforts among developers - seeing that the
teachers’ contributions were vital to the designs of the systems they were implementing.
11.3 Need for Dynamic Selection of Methods

Early on in the case study, we initially strived to develop a fixed analysis and
design methodology that would be rigidly applied much like traditional software
engineering methodologies. Over a short period of time, the idea of a rigid methodology
was abandoned for the looser toolbox approach described in Section 3.2 as we interacted
with students and teachers and reacted to their abilities and progress in conducting
analysis and design. In the spirit of the mutual learning that is a guiding principle of
Progressive Design, we had to learn of students’ and teachers’ natural abilities and
comfortableness in conducting software analysis and design tasks and processes. Were
students and teachers able to comprehend the selected analysis and design representations
and techniques? If not, what other representations and/or techniques would be more
suitable? Conducting analysis and design was largely a case of trial and error as we
tested, adapted, and evolved representations and methods over the course of working with
students and teachers. In fact, the overall participatory development approach underwent
continual refinement and elaboration as a result of the many experiences and interactions
on the LiNC project.
11.4 Linking to External Methods and Artifacts

Another consideration in our participatory development approach was the linking
of Progressive Design representations and methods to other external representations and
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methods. Although our analysis and design approach yielded critical criteria in the form
of ethnographic data, claims, scenarios, and paper prototypes, these analysis and design
representations still needed to be integrated and merged with more conventional analysis
and design methods and artifacts. For instance, developers were still accustomed to
working with requirements and design specifications. To accommodate the developers,
we extracted requirements and design criteria from the claims that were produced during
Progressive Design. The analysis and design specifications were then provided to the
developers along with the ethnographic data, scenarios, claims, and paper prototypes. On
the other hand, teachers wanted general lesson descriptions that outlined specific
computer-supported learning activities. Written scenarios were converted to lesson
outlines by simply listing the main steps of a scenario as specific tasks or instructions.
11.5 Academic Research Project

The development of the educational software took place on an academic research
project, which presents a very specialized context and environment for system
development. For instance, the composition of the LiNC project team was much
different than the typical standard software development team. Where the typical
software development team might consist of a project manager and a number of career
software developers, the LiNC project team consisted of university researchers and
student software developers. As such, software developers were generally more
inexperienced and the academic environment was less conducive to the proficient and
robust development of software applications. Furthermore, teachers were funded to
participate on the system development project, which is also different than typical
development projects where user participation is considered part of the user’s job.
In addition to team composition, academic development projects also have wider
scope and objectives. Unlike typical software development projects that primarily have
the singular focus of constructing a software system, academic development projects
have competing research agendas in addition to the objective of system development. On
the LiNC project, for example, educational technology researchers were interested in
curriculum and lesson design centered around the use of computer systems as well as the
specific impacts of computers on student collaboration and science learning. Computer
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science researchers were interested in the development of collaborative frameworks,
environments, and technologies. HCI researchers were interested in the participatory and
use-oriented design of both educational and collaborative software. The very fact that we
carried out this case study involving the evaluation of Progressive Design in the
educational setting illustrates the research orientation of this system development project.
These aspects of the development environment are not meant to diminish our findings
and results, but rather to convey the context from which to examine and interpret our
findings and results.
11.6 Level of User Participation

In our case study, both teachers and developers participated in various aspects of
analysis and design – conducting the same work and applying the same methods and
tools. Alternatively, we could have followed a “division-of-labor” approach where
teachers and developers focused and worked specifically in areas where they possess
skills, experience, and expertise. To a degree, the project did have a division-of-labor in
the sense that teachers were responsible for developing the eventual lessons that
incorporate the new technology and that were to be conducted by students, while
developers were responsible for implementing the technology. A step further, we could
have had teachers participate only in analysis and design activities that lead directly to the
development of these lessons (e.g., scenario envisionment) and developers participate
only in analysis and design activities that lead directly to software implementation (e.g.,
claims analysis, paper prototyping). The results from these analysis and design activities
would then be shared amongst teachers and developers as to inform one another in their
specific pursuits. The benefits of a division-of-labor approach would potentially be
higher productivity through a better economy of work and effort, and reduced task and
cognitive overload for participants.
In retrospect, we believe that mutual participation in analysis and design activities
was important for teachers and developers to share in one another’s work. Teachers
needed to see how educational systems were designed from user requirements and needs,
while developers needed to understand how systems and features could effectively be
utilized in the classrooms. And through a hallmark quality of scientific discovery,
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teachers and developers would fulfill mutual learning through hands-on experience using
practical methods and tools. Nevertheless, a valid research question remains whether the
utilization of a more division-of-labor approach would have had comparable or improved
results and impact over the more mutual approach we applied.
11.7 Focus on Teachers

The application of participatory design may pertain to a broad range of
stakeholders. For education, stakeholders may include school administrators, school
board members, education researchers, and teachers of the larger community. Since there
was a general lack of prior research in the application of participatory design in the
educational setting, we chose to focus more in-depth on key stakeholders rather than
more broadly on the full range of stakeholders. Thus, we studied the participation of
students, teachers, and developers in the analysis and design of educational software.
And among these key stakeholders, we paid particular attention to teachers for a number
of reasons. First, the involvement of teachers was essential to achieve buy-in of the
eventual software products. Teachers make the ultimate decision on whether a particular
software tool is applied in his or her classroom. They are in the position to determine the
life or death and overall longevity of a software tool for their specific classes. If the
teachers do not find value in the educational tools that are designed, they will not apply
those tools nor champion those tools in their interactions with other teachers.
The involvement of teachers also had a practical perspective. Teachers in our
case study were actually funded to participate on the project, so their long-term
involvement was expected and assumed. In contrast, student participation was voluntary
and uncompensated. The long-term involvement of students was also problematic in that
we could not justify continually pulling only specific students into participatory activities
and away from their classroom work. Furthermore, students would eventually graduate
at end of the school year, and thus, long-term involvement was generally not possible.
Finally, where one of the key purposes of Progressive Design is to envision and
analyze the future use of a software system, teachers also consider and plan the use of
educational tools in future learning activities in their role as lesson designers. From this
perspective, a software system is viewed as another educational tool teachers have at their
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disposal. In the design of lessons, teachers design tool use in the context of pedagogical
requirements and objectives they wish to achieve. Thus, Progressive Design will allow
teachers and other stakeholders to connect and integrate these pedagogical requirements
and objectives to software features and capabilities. Once lessons are defined, students
and teachers then become users of both the technology and the pedagogy through the
execution of the lessons.
The view of teachers as designers of learning activities is unique in the sense that
users of other systems typically do not design their own work or the work of others. In
this light, the emphasis of Progressive Design on capturing and representing work
processes and contexts makes it highly suitable and relevant to the development of
educational software systems.
In our case study, student participation was limited mainly towards evaluating the
utility of specific analysis and design methods as well as incorporating their views,
concepts, and ideas into the design of educational systems, but their overall participation
was neither as in-depth nor comprehensive as that of the teachers’. A fuller study on the
impacts of participatory design on students could yield some interesting findings and
results such as an understanding of how students perceive the lessons they carry out, how
much value they place in the various aspects of their learning activities and experiences,
and how they would facilitate their own learning if they were free to design their own
lessons and educational tools.
11.8 Case Study Outcomes

The main products of Progressive Design are the analysis and design artifacts that
we have described and discussed throughout this dissertation. Analysis and design
products and results were fed into the implementation of the Virtual School collaborative
learning environment, which underwent several major reconstructions and refinements.
Versions of the Virtual School were deployed in the classrooms of the LiNC project and
applied in a number of learning activities and lessons. The Virtual School was
considered a prototype system. Use of the Virtual School ended upon the completion of
LiNC project.
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Our research, however, was mainly focused on the sociotechnical evaluation of
engaging teachers, students, and developers in participatory analysis and design
activities. The emphasis and scope of the research is much more on the process we
carried out and the interactions that resulted rather than the concrete products that
emerged. Analyzing and designing educational systems through participatory design is a
social activity among stakeholders, where the participatory analysis and design process
has specific effects on humans and vice versa. As such, our case study is largely focused
on examining the effects and interactions among stakeholders, educational technologies,
and the analysis and design process.
A general finding from our case study is that participatory design establishes the
new role of the teacher-designer, who is more technically-savvy and better equipped to
integrate computer technology into his or her curriculum. The implication of this result
at the national level is that participatory design approaches and strategies may be more
generally applied as a way to train and develop teachers to effectively use computers in
their classrooms. As we described in our problem statement, computer technology is
underutilized in the K-12 classroom and this underutilization is partially attributed to the
teacher’s inability to integrate the technology. Utilizing participatory design practices in
the professional development of teachers may evolve a more sophisticated teacher
workforce that is better aligned with the modern technology- and information-intensive
world.
Another related result from our case study is that teachers became more
empowered to participate in system analysis and design through participatory design.
The empowerment of users was a critical component of the democratization movements
occurring in Scandinavian countries in the 1970s (Floyd et al., 1989), where participatory
design was seen as a way to empower workers in the co-determination of software
systems that comprised and/or affected their work. In this Scandinavian context, workers
used participatory design to enforce their right to control and determine aspects of the
work in which they engage. Such an outcome is not likely to evolve among the K-12
teaching community, because specific educational technologies are generally not
mandated nor imposed upon teachers. Teachers are free to pick and choose educational
tools and technologies to incorporate into their teachings. With the current shift in the
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U.S. to more stricter and specific standards of learning principles and rules, however,
there may come a time when this freedom is curtailed. In such a case, participatory
design may potentially take on a more social and political role.
Much of our findings have focused on examining the specific impacts of
Progressive Design on teachers (see Chapter 10), but the application of participatory
design also has concrete outcomes and results for students as well. Specifically, in our
case study, we evaluated how specific technological and pedagogical features would
impact student learning. The rationale of using claims is for the very purpose of
identifying what consequences a particular technological or pedagogical feature will have
on student collaboration and learning. Also, the themes we collected and compared (see
Chapter 9) identify critical student behaviors and patterns that occur in the classroom and
examine how those behaviors and patterns change with the introduction of collaborative
or educational technologies. Thus, the potential impact of Progressive Design on
students is the provision of educational software and computer-based learning activities
that are both more theoretically and empirically sound.
For instance, we previously described how students within groups tend to assume
various roles during experiments (e.g., initiator, timer, recorder, and leader). Wanting
students to partake in a fuller experience, teachers designed a specific lesson that required
students to rotate through the different roles. In this case, the lesson feature of rotating
through roles was the result of a pedagogical objective that emerged during analysis and
design. In another instance, from video observations, we observed that the student
controlling the computer’s input devices often monopolized the interaction with remote
collaborators. To adjust for this condition, we designed a software timer feature that
would notify students to rotate through the “driver’s seat” in front of the computer.
Thus, through both thought and observation, educational software and lessons evolved to
provide a more logical and effective learning experience to students.
11.9 Generalizability of Case Study Findings

This case study represents a naturalistic, qualitative investigation of participatory
design in the classroom. The qualitative nature of this study has implications on its
methodology and findings. First, qualitative approaches such as ethnography,
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participatory design, and scenario-based design are inherently multi-method (Moallem,
1998; Muller et al., 1997). They do not enforce specific collection, analysis, or design
processes, but rather promote the flexible application of multiple methods to fit the
particular needs and context of the domain or application under study. As a result, the
specific set and order of methods we apply in our case study may not necessarily be
viable or optimal for other projects, applications, or domains.
Second, like other qualitative educational studies, our research represents a
comprehensive socio-technical investigation in a particular educational setting. Our
results are largely based on observation and interactions with specific stakeholders.
Thus, we cannot and do not claim that our observations and findings on participatory
design and classroom collaboration are universal. To the contrary, every combination of
teacher, class, classroom, and group of students is likely to invoke a unique set of
participatory and collaborative features, attributes, possibilities, and constraints.
Nevertheless, we do expect that many of our observations and findings are
relevant and valid for other educational settings and applications, and would like our
results to serve as an effective basis of comparison. Through this case study, we have
provided a point of reference from which other system designers and educational
technologists may pursue their own questions and studies concerning the roles of
participatory design and computer-mediated collaboration in the K-12 classroom.
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Appendix A: Abstracts from Published Papers
The following papers were submitted to and/or published in computer science journals
and conference proceedings. The papers are associated with aspects of the research work
described in this dissertation. Abstracts of the papers are provided.
Chin, G., Rosson, M.B., and Carroll, J.M. (1997). Participatory Analysis: Shared
Development of Requirements from Scenarios. In Proceedings of the SIGCHI
Conference on Human Factors in Computing Systems 1997 (March 22-27, Atlanta, GA),
ACM Press, New York, pp. 162-169.
Abstract: Participatory design typically focuses on envisionment and evaluation
activities. We explored a method for pushing the participatory activities further
"upstream" in the design process, to the initial analysis of requirements. We used a
variant of the task-artifact framework, carrying out a participatory claims analysis during
a design workshop for a project addressing collaborative science education. The analysis
used videotaped classroom sessions as source material. The participant-teachers were
highly engaged by the analysis process and contributed significantly to the analysis
results. We conclude that the method has pro mise as a technique for evoking selfreflection and analysis in a participatory design setting.
Chin, G. and Rosson, M.B. (1998). Progressive Design: Staged Evolution of Scenarios in
the Design of a Collaborative Science Learning Environment. In Proceedings of the
SIGCHI Conference on Human Factors in Computing Systems 1998 (April 18-23, Los
Angeles, CA), ACM Press, New York, pp. 611-618.
Abstract. Scenario-based design techniques are increasingly popular in HCI design.
Although many techniques exist, we see a growing demand for more structured and
systematic methods of scenario generation and development. This paper describes a case
study in which a collaborative science learning environment was designed using an
evolutionary scenario-based design approach. The case study has attempted to make
consistent use of scenarios and claims as design representations, to integrate the design of
both the system and the activities that incorporate it, and to evolve design in an organized
and principled manner. We have termed this approach progressive design.
Chin, G. and Carroll, J.M. (2000). Articulating Collaboration in a Learning Community.
Behaviour and Information Technology, 21(5), pp. 233-245.
Abstract. A common computer-based collaborative learning approach is to simply
introduce contemporary computer-mediated communication technology into the
classroom to support prescribed learning activities. This approach assumes that all
students collaborate in similar ways and that present-day technology is sufficient to
accommodate all collaboration forms. This view is superficial and limiting. Students
collaborate in different ways at different levels on different learning activities. A more
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detailed articulation of collaboration in learning is crucial to understanding and extending
the pedagogical capabilities and usefulness of collaborative technologies.
We present a model for a more finely articulated form of analysis that enumerates types
of collaborative learning activities and evaluates how these activities may be supported
through different design options. The analysis is based on actual classroom scenarios and
the collaboration requirements that emerge from them. We have successfully applied this
analysis model in the design of a computer-based collaborative learning environment for
science education.
Chin, G. and Rosson, M.B. (2004). The Impacts of Computer-Mediated Collaboration in
the Science Classroom. Submitted to Computer-Supported Cooperative Work: The
Journal of Collaborative Computing.
Abstract. We present and reflect upon issues and findings from a study of computermediated collaboration in the science classroom. Our study of computer-mediated
collaboration is tightly integrated with the analysis of current classroom environments, in
that we examine the characteristics of student collaboration in the classroom before and
after technology is introduced. Initially, we identify pedagogical and social issues that
impact the way students collaborate face-to-face within groups. After introducing
computers into the classroom, we review and re-evaluate these factors to examine how
they may have changed and whether additional factors emerge. Worthy technology,
however, does not necessarily beget worthy change and educational gain. The integration
of collaborative technology with classroom activities needs to be carefully orchestrated to
meet the objectives of teachers, students, schools, and the overall discipline. Ultimately,
we aim to motivate the deployment of computer-mediated collaboration in the classroom
by designing its use into collaborative learning activities in practical, realistic, and
purposeful ways.
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Appendix B: Virtual School Features List

Preliminary Virtual School User Features
Virtual School
General toolbar - A “things to do” toolbar should be available for students to select
general tasks that students may perform. Different icons in the box are associated with
different tasks. A simple mechanism should be provided to students and teachers for
defining the set of tasks (and their related applications) to appear in the general toolbar.
Global menu bar - Students may be able to have access to a general menu bar that
provides access to all the utilities and capabilities of the Virtual School. The teachers
should be able to set up the initial configuration of this menu bar and may disable this
feature if desired.
Viewing group members - Students should be able to view who in their group is currently
on-line. Presence of group members should also be supported in that students can tell
what workbenches and notebook sections other group members are currently visiting.
Global attributes - some attributes such as student’s default colors and group
memberships should be established early and passed into the various components of the
Virtual School.
Basic cut, copy, and paste - General cut, copy, and paste operations should be supported
among the workbench, notebook, and external applications. These operations should be
available for different object types such as text, graphics, numeric data, URLs, and
application links.
Security - Teachers and students may set up privileges for the workplace, a notebook, or
a section of a notebook. Teachers establish the initial privileges for these different
components. Students then may fine-tune the privileges within the confines initial
privileges established by the teacher.
Importing data and files - Where possible, teachers should be able to import electronic
data from other sources. Possible electronic data may include class lists, assignments,
and student information (e.g., passwords and student ids).
Web address book - Students should have access to a web address book to save URLs
across projects.
Sieve
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Savable and persistent workbench state - A workbench should retain its state from
session to session. Thus, some intermediate specification of the workbench must be
managed and stored.
Individual and group workbenches - While working on a project, students are likely to do
some research and work independently and then gather to sift through individuallycollected material. Thus, each student should have his/her own individual workbench to
maintain collected research objects. The group should have a shared workbench from
which the students share objects from their individual workbenches. There should be an
easy mechanism for students to show their group the contents of their individual
workbenches. We can accommodate these workbenches by allowing groups to attach
multiple workbenches to a single notebook and to be able to label the workbenches.
Thus, students may set up workbenches for individual or group use.
Application and simulation invocation - External and workbench applications and
simulations may be invoked from icons on the notebook and the toolbars.
Research object types - The research items that a student might collect for a project
include URLs, text, graphics, graphs, data, audio clips, audio/video clips, and the state of
a simulation.
Iconified states of objects - Objects on the workbench are either iconified or fully
displayed.
External data support - Students should be able to easily bring in data collected from
other applications (e.g., Netscape and spreadsheets) and process the data with available
data analysis tools.
External simulation support - Publicly available simulations should be realizable and
executable on the workbench. Furthermore, simple mechanisms should be provided to
allow data to be imported into the external simulation and data to be exported out of the
external simulation. Integration of external simulations should be supported with
minimal effort required of the teacher.
Trashcan - Students should be able to delete objects as needed from the workbench.
Undo operation - A basic level of support should be provided for an “undo” operation in
Sieve.
Notebook
Notebook access system - Project notebooks should be available through a global access
system where a user has access to all notebooks in the Virtual School.
Notebook creation - Students and teachers may construct notebooks. In the case of
teachers, they create a master notebook, which is organized around a particular
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assignment or project. The master notebook is then automatically dispersed to the
different group workplaces. The groups then perform their work using these master
notebooks. Students may make copies of these notebooks for individual use or to
maintain past versions of the work. Students may also create empty notebooks for their
own purposes.
Template dissemination - Teachers should have a way to disseminate a notebook to the
individual groups. This may be either teacher or student directed.
Section creation - Students may add new sections to their notebook if allowed by the
master notebook. If the teacher does not wish for students to deviate from the structure
of the master notebook, s/he may disable this option.
Notebook Toolbar - A toolbar should be available for students to select notebook-specific
tasks that students may perform. Different icons in the box are associated with different
tasks. A simple mechanism should be provided to students and teachers for defining the
set of tasks (and their related applications) to appear in the notebook toolbar
Persistent notebook state - A notebook should retain its state from session to session.
Thus, some intermediate specification of the notebook must be managed and stored.
Shared notebooks - A notebook may be shared among group members at different
locations. If remote group members wish to work on the same page of a notebook, floor
control should be established to only allow one location to make modifications to the
page. Other locations should be able to see the modifications shortly after they are made.
Students working on different pages should be able to do so without hindrance.
Formatted text entry - Students should be able to incorporate text and graphics easily into
the notebook and have the capability to format the text in typical ways.
Hypermedia and multimedia objects - Students should be able to store hypermedia (e.g.,
URLs) and multimedia objects (e.g., audio clips and video clips) in the notebook.
Application and simulation invocation - External and workbench applications and
simulations may be invoked from icons in the notebook or the notebook toolbar.
Basic cut, copy, and paste - General cut, copy, and paste operations should be supported
within the notebook. These operations should be available for different object types such
as text, graphics, numeric data, URLs, and application links.
Status bar - Students should be able to view a status bar that indicates the status of the
notebook. Possible information on status bar might include section the students are in,
date of last modification.
Class topic list - All students should have access to a class topic list where the teachers
and students have identified different topics that may be used as the focus of a project.
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Teachers and students may add to this list as they think of new topics. Students and
groups should then be able to select a particular topic as their choice for the project and
have that selection viewable to other students. A topic may have a description attached to
it that is accessed by clicking on the topic. The topic list should be subject to a deadline
where all selections by groups become permanent. The teacher may review the current
selections and adjust topic assignments to provide better coverage or matches.
Report outline - The group should be able to develop a shared, on-line outline of a report.
Students should be able to input writing and information directly into the notebook via
the report outline. Furthermore, students may be able to assign particular sections to
particular students. The outline view should visually show these assignments. Students
should be able to edit the outline, develop sections from the outline, and assign sections
to students. There should be an easy way to transfer objects from the workbench to the
report outline. Although we expect students to typically generate the outline, the teacher
may alternatively provide an outline as a starting point for students.
Concept map - Students should have the ability to draw out concept maps and to
incorporate them into the notebook.
Storyboards - Students should have the ability to draw out storyboards and to incorporate
them into the notebook.
Text, audio or video outline entries - An entry in the outline may either be a block of text,
an audio clip, or a video clip left by the student. Audio would support those students who
better express themselves verbally rather than textually. Also, audio provides an easy,
quick mechanism that may be applied early on during the formative project stages while
text may be used when the project contents become more stable and concrete.
Questions and Answers - Teachers may define a question and answer section. Students
are to answer the questions as a requirement of the project. Teachers should have a
simple mechanism for adding the questions to the notebook.
Bibliography - a bibliography section should be available for students to maintain links to
their references.
Task list - Students should be able to maintain a shared, on-line task list. Students in the
group should be able to add tasks, assign task to a group member, and check off the tasks
as they are completed. Although we expect students to typically generate the task list, the
teacher may alternatively provide a task list as a starting point for students and as a way
to assign specific roles.
Messages by sender - The notebook should support three types of messages based on the
class of the sender. Senders may either be other students, teachers, or reviewers
(mentors). We can support this by having three different mailboxes - each corresponding
to a different class of senders. We can select from these mailboxes via radio buttons or a
pull-down menu.
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Media for messages - Students should be able to leave messages for one another. The
messages may be textual, audio, or audio/video. To support various media, we may be
able to develop off of HTML mail, which automatically incorporates common HTML
media types into the body of mail messages.
Automatic modification tracking - The notebook should maintain a time-stamped
historical record of general activities that students perform on the computer. Most likely,
the record will be at the level of starting and terminating applications. Other students of a
group may review the record to see what work other group members have performed.
Searching in notebook - Students should be able to search within a lab notebook.
Calendar - Each notebook should maintain a calendar, which identifies major events and
milestones related to the project. A simple mechanism should allow students and
teachers to identify events and milestones on the calendar. A separate calendar should
also be provided by the Virtual School, which teachers and students may use to identify
events and milestones for the entire school year.
Research milestones - The notebook should supply a page where research milestones are
identified. The milestones should also be shown on the calendar. When a milestone date
is reached, the teacher may go into the journal to verify the progress of the group and to
grade portions of the work. Students go to the milestones page to examine the schedule
and to access teacher’s grades (via rubric), annotations, and comments. The students
should be able to turn on and off the annotations for a particular milestone.
Outline Versioning - The notebook should maintain multiple versions of the outline so
teachers can compare progress. Thus, the outline and its content should be saved for the
previous research milestones. Furthermore, the teacher should be able to compare two
versions of the outline by viewing portions of the outline side-by-side.
Grading rubrics - The teacher should be able to set up and provide a grading rubric to
grade students’ work. The grading rubric would typically be utilized at a research
checkpoint to grade the current progress of the group. The rubric may list various
grading criteria, their grading weights, individual scores, a total score, and an area for
comments and remarks.
Overlays - Teachers should be able to create overlays on top of work in the notebook.
The teachers use the overlays to annotate students’ work and to leave comments. The
overlays are typically attached to specific research checkpoints. Overlay pages may be
identified as tabs at the top of the notebook. A specific set of overlay tabs may be
toggled off and on from the research checkpoint page of the notebook. Students should
also have access to the overlaying annotation capability. Teachers saw no specific reason
to support overlays in the workbench area.
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Automatic generation of WWW-based lab report - The notebook should allow students to
easily create a WWW-based report from sections of a notebook.
Undo operation - A basic level of support should be provided for an “undo” operation in
the notebook.
Search and Browse
Implicit searching - The search criteria may be specified implicitly within the Virtual
School. For example, the search criteria may be associated with a particular button.
When the button is pressed, a search is performed and the returned data is displayed in
some default view. The student never explicitly defines the search criteria via the criteria
input form.
Operations on returned objects - Depending on the class of the objects, objects in a view
should have associated default operations. For example, we envisioned that if a student
clicks on a people object, a pop-up menu would appear that allows the student to
establish an audio link or video link, send e-mail, locate the person, etc.
List view - Students should be able to browse returned data as a single list of text. The
list should be transferable to other applications and windows.
Predefined labs - Teachers should be able to construct predefined labs and populate them
with resources. Teachers may then provide quick access to the lab by linking it to an icon
on the toolbar. The icon would then perform an implicit search.
Text Chat
Avatars - The image or avatar of participants of a chat session should appear along with
the name of the participants in the participants’ view.
Persistent history - Students should be able to save the contents of a chat session and to
reread it into a chat session. This is necessitated by the fact that students may only have
small increments of time in which to collaborate and a particular conversation may drag
out for several days. Furthermore, a history mechanism would allow late joiners to
review the conversation up to the point of entry. [Decision: Will not support this fall.
What about spring?]
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Appendix C: Middle School Classroom Scenarios

Scenarios from an Eighth Grade Physics Science Slinky Lab
Context
The scenarios presented here have been extracted from actual observations taken from an
eighth grade physical science class at a middle school. Observations occurred over four
days during which students performed various activities associated with a lesson on
waves. All activities occurred either in the classroom or in the hallway directly outside
the classroom.
The physical science class consisted of twenty students - ten boys and ten girls. Of the
students, two are Asian females, one is an Asian male, and one is an African-American
male. The class had no Hispanic or Native American students.
The basic layout of the class is shown in the diagram below. Circles in the diagram
indicate where students are typically seated at the beginning of class.
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Scenario #1 - Overview of the Lesson (Do the Wave)
The lesson on waves consists of several activities. The activities of the lesson are
briefly described.
1

The objective of the lesson is to teach 8th grade students about waves. The lesson
consists of a number of activities and is covered over four school days.

2

In the first activity of the lesson, each student writes down in his or her science journal
the different types of waves known to the student. Furthermore, each student also writes
down facts the student knows and ideas the student has on waves. Once every student
has individually compiled this information, the students share their findings in a class
discussion directed by Ms. Snodgrass.
3

The next activity is a lab. For the lab, Ms. Snodgrass divides the class into smaller
groups. In dividing the students, she tries to maintain an even mix of interests,
motivation, and work ethic among the groups. Each group is given a king-size slinky,
which is a humongous version of the popular toy.
4

Each student is given a lab assignment sheet. The lab assignment sheets provide
directions on how to manipulate the slinky to generate different kinds of waves. The
assignment sheets also contain questions aimed towards guiding the students in their
explorations of the slinkies. During this activity, each group generates different types of
waves according to the directions on the assignment sheet. Furthermore, each group
makes and collects observations on the waves they generate. During this activity, Ms.
Snodgrass circulates from group to group and provides advice and guidance on how to
manipulate the slinkies and how to hone in on important or interesting aspects of the
waves.
5

Next, each group develops a short presentation. Large sheets of white paper and
markers are provided to each group. By drawing on the sheets of paper, each group
develops a poster that describes the different types of waves discovered in the group’s
exploration with the slinky. The poster is the focus of the group’s presentation. Once the
posters have been developed, each group delivers a presentation to the entire class.
During the presentation, Ms. Snodgrass maintains an active role by critiquing each
group’s findings and directing class discussion.
6

After the presentations, the students are to read a section from the physical science
textbook, which introduces the formal terminology for the properties of sound waves.
Terms such as wavelength, amplitude, and frequency are defined in the reading.
Associated with the reading is a homework assignment. The assignment requires the
student to define the various terms introduced in the reading. Once the homework has
been completed and submitted by the students, Ms. Snodgrass will review and discuss the
homework with the entire class.
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7

The lesson concludes with a class discussion and demonstration of sound waves. The
discussion and demonstration focus on the properties of sound waves and the
transmission of sound waves through gases, liquids, and solids. In the demonstration,
Ms. Snodgrass brings out an assortment of musical tuning forks to demonstrate how
sound waves travel through gases and solids.

8

This preliminary lesson on waves leads into another lesson that applies a more detailed
and mathematical treatment of waves.
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Scenario #2 - Unfettered and Guided Exploration (Taming the Wildebeest)
The teacher guides a group in its exploration of waves to some insightful
conclusions.
9

The group consists of three female students and one male student. All students are
Caucasian. The group is running a series of experiments with a slinky in the hallway
outside of the classroom.

10

Maude and Bertha sit apart with a slinky stretched out between them. Each has a grasp
of one end of the slinky. Maude begins to rapidly shake her end of the slinky sideways to
create transverse waves. She then adjusts her grip on the slinky and holds her end of the
slinky from above. She then begins to rapidly push and pull her end of the slinky to
create compressional waves. On the other end of the slinky, Bertha holds her end
stationary against the ground. Maude pauses her experimentation for a few seconds. She
then sends a single, quick transverse pulse along the slinky to the other end by snapping
her wrist. The pulse reflects off the opposite end and returns to Maude’s end along the
slinky.
11

Next, Bertha sends a compressional wave down the slinky by quickly pushing and
pulling her end of the slinky. Seeing Bertha’s action, Maude quickly sends a
compressional wave in the opposite direction. The two compressional waves travel along
the slinky, meet somewhere near the middle of the slinky, and then pass through
continuing in their original directions. Upon collision, the two compressional waves
create a kink in the slinky. Bertha and Maude run this same experiment a few more
times. Next, Maude uses her free hand to lift a portion of the slinky near her end. She
then releases her hold on the slinky and the slinky snaps to the ground. Bertha holds her
end stationary. A transverse wave is generated from Maude’s action. The wave travels
to the opposite end of the slinky. Maude runs this same experiment twice. As Bertha and
Maude are experimenting with the slinky together, they do not communicate verbally.

12

Ms. Snodgrass walks over to the group. Both Bertha and Maude stop moving the
slinky when Ms. Snodgrass walks up. When Maude notices Ms. Snodgrass approaching,
she looks down to the floor and then over to the poster. Ms. Snodgrass stands against the
wall and looks down at the slinky. Bertha begins moving her end of the slinky sideways
again. Maude then begins moving her end of the slinky by lifting it and then snapping it
to the floor. Maude then begins to move her end of the slinky sideways as well. She
sways her end of the slinky rapidly and then slowly.
13

Ms. Snodgrass looks towards Bertha’s end of the slinky. She notices that Bertha is
holding the slinky stationary with one hand at about one-and-a-half feet away from the
end of the slinky. Bertha’s other hand grasps the end of the slinky. Seeing this unusual
hold, Ms. Snodgrass says, “Oh, you’re holding it still down there.” Ms. Snodgrass
watches the waves move along the slinky for a moment longer. Ms. Snodgrass then asks
Bertha, “That little experiment there that you are doing, what do you see?” Bertha says,
“If you touch it, it stops it from moving back.” Bertha explains that by holding the slinky
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at a point away from its end, waves that are sent along the slinky terminate at the point of
the hold rather than reflecting back in the opposite direction.
14

Continuing her inquiry, Ms. Snodgrass asks, “Why do you think that’s the case?”
Bertha responds, “I don’t know,” and giggles. Prodding Bertha to think about the wave
interaction, Ms. Snodgrass asks, “Well, the wave is moving and ordinarily it would keep
on moving. But when you put your hand there, what is your hand doing?” While she
talks, Ms. Snodgrass walks along the slinky towards Bertha and points to the waves as
they move from Maude to Bertha. In response to Ms. Snodgrass’ question, Bertha
replies, “Stopping it.”

15

Ms. Snodgrass is looking for a deeper analysis of the wave interaction from the group.
She wants the group to recognize that energy is transmitted via the waves and that when
Bertha stops the waves with her hands, she does not simply terminate the physical form
of the waves but also the energy associated with the waves. Not getting the level of
analysis for which she had hoped from the group, Ms. Snodgrass proceeds with a
different line of questioning. Ms. Snodgrass aims to guide the group towards a more
analytical conclusion.
16

Ms. Snodgrass: All right, let me ask this question. How do I know that a
wave is moving through the slinky?
Maude: You can see it.
Ms. Snodgrass: I can see the wave. But what am I actually seeing?
Bertha: The coils moving.
Ms. Snodgrass: I’m seeing the coils moving. Are Maude’s coils actually
moving from down there (pointing to Maude’s end) to down there (pointing to
Bertha’s end)?
Bertha: I don't know.
Ms. Snodgrass: Are her coils physically moving, changing location from there
(pointing to Maude’s end) to there (pointing to Bertha’s end)?
Bertha: No.
Ms. Snodgrass: Then what’s moving?
Bertha: The slinky is.
17

At this point, Bueford enters into the conversation. Delighted to see Bueford’s interest,
Ms. Snodgrass tries to involve Bueford more into the discussion.
18

Bueford: It’s vibrating.
Ms. Snodgrass: It’s vibrating. Ok, talk to me, Bueford, about what’s vibrating.
Bueford: When Maude starts shaking it, the coils start vibrating. When one coil
starts vibrating, it makes the other coils that touch it vibrate too.
Bertha: Like the domino effect.
Ms. Snodgrass: So the domino effect means what? One coil touches another
coil.
Maude: One coil passes energy down to another coil.
Ms. Snodgrass: So, they're just transmitting their energy down.
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Bertha: Down and all the way back.
Ms. Snodgrass: So, one coil is transmitting its energy to the next coil, then to the
next coil. So what we’re seeing transmitted, like Bueford said, is vibrations?
Bertha: I guess.
Ms. Snodgrass: So, that’s what we're really seeing moving is vibrations. Now
what happens when you put your hand there (pointing to the place where Bertha
previously held the slinky)?
Bertha: It stops the vibration.
Ms. Snodgrass: Where do the vibrations go?
Bertha: Into my hand.
19

Finally getting the level of analysis for which she had hoped, Ms. Snodgrass gives
Bertha a “thumbs up”.
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Scenario #3 - Evolving Roles and Agendas
As the members of a group assume and perform different tasks, they fail to
coordinate among the tasks.
20

The group consists of three female students and one male student. All students are
Caucasian. The group is running a series of experiments with a slinky in the hallway
outside of the classroom.
21

In developing the poster, each group draws up illustrations of different types of waves
it observed while experimenting with the slinkies. Ethel has just completed drawing a
picture of compressional waves that were generated by shaking both ends of the slinky.
Noticing that Ethel has just completed a picture, Bertha suggests the next type of wave to
investigate. She asks Ethel, "Hey, what about when we shake it from both ends? Do you
want to do one of those?" With a different concern, Ethel asks, "Are we going to do this
with one person," referring to how the presentation will be conducted. No one responds
to Ethel’s question.
22

Bertha and Maude move to investigate the case that Bertha had suggested. Bertha
directs Maude, "Okay, let’s take it way out." The two girls stretch the slinky out between
them. After stretching the slinky, both girls sit on the floor with firm grasps on their
ends.
23

Ethel puts the cap on the marker she had been using and places the marker on the floor.
Ethel then reaches for a different marker in Bueford’s possession. Ethel assumes the role
as the drawer of the poster as she commands, “I’m taking over as drawer.” Bertha replies,
"Alright." Bueford relinquishes the marker in his possession to Ethel and immediately
picks up the marker that Ethel had just laid down. He fiddles with the marker in his hand
as he flips it in the air. He then looks down and around the hallway.
24

Maude begins pushing and pulling her end of the slinky forwards and backwards to
create compressional waves. Ethel directs Maude, "Don't push." Maude stops moving
the slinky and holds her end stationary. Bertha then quickly shakes the slinky sideways
from her end. Bertha asks the group, "What does it look like from the top?" Ethel stands
up and walks over to the shaking slinky. Ethel quietly observes the moving slinky for a
few seconds. She then returns to the poster and sits back down.

25

With marker in hand, Ethel bends over in preparation of drawing on the poster.
Bueford sits idly besides Ethel. Maude and Bertha continue to experiment with the
slinky. Bertha stops shaking the slinky from her end. When Bertha stops, Maude begins
to move her end of the slinky by lifting and dropping her end of the slinky up and down.
Ethel looks up from poster and commands. “Wait, wait, one of you guys push.” Maude
pushes and pulls her end a few times to create compressional waves. Each compressional
wave appears as a dark area of compression, which travels the length of the slinky. After
a short while, Bertha begins to push and pull her end of the slinky to create
compressional waves traveling in the opposite direction. As the two girls generate
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compressional waves, the waves collide along the slinky. Ethel watches the action of the
slinky for a moment. Rather than drawing a picture of transverse waves as Bertha
initially suggested, Ethel draws a picture of compressional waves as they appear when
emanating from a single end.
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Scenario #4 - The Presentation (The Sound of Silence)
The teacher guides a reluctant group through its presentation.
26

The group consists of one female student and three male students. All students are
Caucasian. The members of the group have just completed taping their poster to the
whiteboard. The poster contains three diagrams of waves. The top diagram on the poster
is a picture of a transverse wave. The middle diagram is a picture of a compressional
wave. The bottom diagram is another picture of a transverse wave. Each of the wave
diagrams is annotated with various terms such as "wavelength", "crest", and "amplitude."
27

Initially, the members of the group stand facing the class with their poster behind them.
Maynard and Lyman stand to the left of the poster while Gertrude and Bernard stand to
the right. Ms. Snodgrass sits at a table with other students in the middle of the classroom.

28

Upon seeing the group’s poster, Ms. Snodgrass comments, “It’s so interesting to see
how differently you groups choose to draw your waves.” Ms. Snodgrass then directs the
group to begin their presentation. She asks, “Okay, so, how about you tell us about your
observations?” The members of the group stand still and quiet in front of their poster.
No one in the group speaks up. Prodding the group, Ms. Snodgrass says, “Okay, hello?
C'mon, assertiveness should not be a problem with this group with the people I see
standing up there.” Silence among the group continues. Ms. Snodgrass pleads, “Is
anybody going first?” Gertrude and Maynard try to deflect the responsibility of giving
the presentation onto Lyman.
29

Gertrude: Yeah, but me and Maynard and Bernard were drawing and Lyman
was telling us what to draw.
Ms. Snodgrass: So you think Lyman should be doing the talking?
Maynard: Uh hum.
Gertrude: Some of it.
Ms. Snodgrass: Alright Lyman, jump right in there.
30

Maynard moves to the opposite side of the poster to join Gertrude and Bernard and
leaves Lyman standing by himself on the left side of the poster. The group returns to
silence. Ms. Snodgrass tries to help the group find a starting point for the presentation.
31

Ms. Snodgrass: Talk to us about step one, that first wave.
Lyman: We observed that with a wave, especially a pulse wave, that you get sort
of a compression and expansion effect. When you give the slinky a push, the
slinky compresses the wave, but when you bring the slinky back, the slinky sort of
expands the wave. So, you have compression and expansion going on.
Ms. Snodgrass: Alright, compression and expansion. Good terms, I like that.
32

Lyman then pauses for a short while. He puts his hands in his pockets and looks up at
the poster. Searching for something to say, he utters, "Um,... Uh,..." The other three
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group members stand idly by looking at the poster as well. Attempting to progress the
presentation again, Ms. Snodgrass gives the group another topic for discussion.
33

Ms. Snodgrass: You have quite a bit more things up there to talk about. You
got words to define certain things (referring to terms written on the poster). Do
you want to talk to us about your terminology?
Lyman: Okay, the wavelength is the distance from this compression (points to a
compression area of the compressional wave) to that compression (points to the
adjacent compression area). And the same for this one, from here (points to a
trough of the top transverse wave) to here (points to the adjacent trough).
Ms. Snodgrass: Except in the top picture, are you measuring compressions or
are you measuring in a different way?
Lyman: You’re sort of measuring in a different way, because it bottoms out in a
trough.
Ms. Snodgrass: So in the top one, you’re measuring sort of the snakes or the S’s
or the ups and down, the wavelength there would be measured between, say, what
and what?
Lyman: The bottoms of the troughs.
Ms. Snodgrass: So perhaps the bottom of one and the bottom of the next.
Lyman: Yeah.
Ms. Snodgrass: Whereas in the push waves, you are measuring the wavelengths
between compressions?
34

Another member of the group finally enters into the discussion. The discussion
continues.
35

Gertrude: Yeah, these are all close together (pointing to a compression area of
the compressional wave) and these are all close together (pointing to the adjacent
compression area). The wavelength is how far they're apart.
Ms. Snodgrass: Okay. Alright, what else?
Lyman: We named this the crest (points to the peak of the bottom transverse
wave) and this the amplitude (points to a vertical line emanating from the crest of
the bottom transverse wave).
Ms. Snodgrass: OK, what’s the amplitude?
Lyman: It’s the difference between the line of the crest (moves finger along the
crest line of the bottom transverse wave) and the inside of the curve (move finger
along the inside of a curve of the bottom transverse wave).
36

Gertrude makes an analogy to radio frequencies.
37

Gertrude: And, isn't that one of the things, like, one of the numbers on the
radio waves? You have an amplitude?
Lyman: That’s amplitude modulation.
Ms. Snodgrass: Yes, it is.
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38

The group pauses again during the presentation. Ms. Snodgrass prods the presentation
along again.
39

Ms. Snodgrass: Alright, what else? What did you observe about the pushing
from both ends?
Gertrude: When you push the slinky from both ends, they start going to the
center, and crash together, and go back out.

40

In the presentation of a previous group, a student named Geraldine described what
happens when a stronger wave collides with a weaker wave traveling in the opposite
direction. Geraldine’s explanation is that the energy of the stronger wave is reduced by
the energy of the weaker wave and this reduction in energy is realized as a smaller wave
continuing to travel in the direction of the initial stronger wave. In addition, the weaker
wave loses all its energy and disappears. Ms. Snodgrass relates the observations of the
current group with those of Geraldine’s.
41

Ms. Snodgrass: Alright, so, you believe in the reflection theory. What about
this thing that Geraldine brought up? Did you have any experience with one wave
being a stronger or more forceful wave than another?
Maynard and Bernard: (nod heads)
Ms. Snodgrass: I see Maynard and Bernard shaking their heads, so I'd like to
hear from either one of you.
Maynard: With waves like this (points to the top transverse wave), the bigger
waves dominate the smaller waves. With the other waves (points to the
compressional wave), they just bounce right back.
Lyman: Actually, I sort of think when they hit, the energy goes through each
other.
Ms. Snodgrass: So, we have a difference of opinion in this group. Lyman’s of
the mind that the waves pass through each other. They come together, but then
they keep on moving through. Maynard is making the observation that maybe
something different happens depending on whether you're talking about the snaky
kind of waves versus the push wave.
42

Sylvester, a student in the audience, raises his hand. Ms. Snodgrass sees Sylvester and
calls on him.
43

Ms. Snodgrass: Sylvester?
Sylvester: With the up-and-down wave, I think instead of if two waves collide,
this one disappears and the other one disappears, I think that maybe the force of
the bigger one gets subtracted from the force of the smaller one because it would
have to give some resistance so then whatever you get left over is what’s leftover.
Gertrude: It’s like the net force thing.
Ms. Snodgrass: Yeah. Okay, go ahead and elaborate on that, Gertrude.
Gertrude: Whenever there’s more force on one side of something than the other
side, the thing goes whichever way has more force.
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Ms. Snodgrass (to the class): Gertrude is referring back to what we talked about
motion, net forces, balanced forces versus net forces. So, if you’ve got a larger
wave and it’s got a bigger force, then the net force is dominating. That means,
you go the direction the larger wave is going. But Sylvester makes a good point.
He’s saying that if you have two waves that run together and if one dominates,
then maybe they sort of blend together. But part of the energy is absorbed and
subtracted from the overall energy of the larger wave. I don't know. That’s
another thing we should think about. Good observations. Very good. Okay,
thank you. Lots of food for thought.
44

The group removes its poster from the whiteboard. Afterwards, the members of the
group disperse back into their seats.
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Scenario #5 - Real World Example (A Day at the Beach)
The class discusses the physics of a ball floating in the middle of the ocean.
45

The class reviews problem 2 of the homework assignment. Ms. Snodgrass begins by
reading the problem aloud.
46

Ms. Snodgrass: Waves transfer energy from one place to another. If there is a
ball floating in the middle of the ocean, will the ball move in the direction of the
wave? Or will the ball remain in the area that it is already at? Who wants to give
this a shot?
47

Several students raise their hands. Ms. Snodgrass picks Blanche.
48

Ms. Snodgrass: Blanche?
Blanche: It moves with the waves.
Ms. Snodgrass: So you’re saying that if the ball is in the middle of the ocean and
it’s riding waves, the waves are going to move it all the way in. Alright, does
everyone agree with that? Anyone differ?
49

Again, several students raise their hands. Ms. Snodgrass picks Ursula.
50

Ms. Snodgrass: Ursula?
Ursula: I think it will just go up and down with the waves. If the wave goes up,
it'll go up and then it'll come back down. It'll stay pretty much in the same place.
51

After Ursula completes her idea, several students try to speak simultaneously. Zelda, a
student sitting next to Ursula can be heard saying, "But if the wind is blowing, the ball
will move." Trying to maintain order, Ms. Snodgrass says, "Wait a minute! Wait a
minute!" Ms. Snodgrass then calls on Lester who had kept his hand raised during and
after Ursula’s comment. Once called, Lester pauses for a short while before beginning
his explanation. He teeters on the back legs of his chair and smiles.
52

Ms. Snodgrass: Lester?
Lester: The ball is there and the wave is moving. It’s going to stay in the same
place but it’s not going to move towards the shore. It’s going to move down. It’s
going to move left to right.
Ms. Snodgrass: So, you're thinking that it might move parallel to the shore
rather than towards the shore. Interesting observation.
53

Several students raise their hands. Ms. Snodgrass picks Boris.
54

Ms. Snodgrass: Boris?
Boris: I remember in fifth grade, the teacher asks us this and over the summer, I
tried it. And it stayed in the same place and just turned in a circle, like sort of
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with the currents, I guess, but it would just turn and go over the waves and stay in
the same place.
Ms. Snodgrass: Good. So Boris has tested this out.
55

Several students raise their hands. Ms. Snodgrass picks Prudence.
56

Ms. Snodgrass: Prudence?
Prudence: They were saying in the book that the water doesn't actually move but
it just like ripples. It doesn't go with the wave.
Ms. Snodgrass: Okay, this kind of gets into the thing we did with the slinkies.
When we're pushing out the slinky, the coil that I have my hand on, I'm not
moving that particular coil all the way to the other end, am I? I'm putting energy
into the coil and the slinky transfers the energy coil-by-coil. In the ocean, the
energy of a wave is transmitted molecule to molecule, side-by-side, so the energy
moves towards the shore, but the individual molecules basically are just vibrating
in position. And that could affect the position of an object floating on the water.
Someone mentioned wind. Someone mentioned currents. Certainly, there are
other factors which could enter into this. But in general, you have to differentiate
between the direction of the wave energy and the direction in which the wave
medium, be it water, air, or slinky, is vibrating.
57

Several students raise their hands. Ms. Snodgrass picks Zelda. Zelda relates the
question to her own personal experience.
58

Ms. Snodgrass: Zelda?
Zelda: I think the ball just goes up and down. I don't remember when it was but
I lost this ball at Clater Lake and it went out into the lake.
Lester: Uh huh (nodding his head).
Zelda (to Ursula): Was there wind? Or was it just moving because of the waves?
Ursula: I don't know.
Zelda: I couldn't find it because it kept going. I lost it.
59

Reacting to Zelda’s comments, Ms. Snodgrass thinks of an interesting, related
example.
60

Ms. Snodgrass: What about people who put notes in bottles and then they
show up in Australia three years later. There’s something in the paper recently
about someone who got a bottle on the beach, and it seems like they were in
Australia or New Zealand or some place. It was from some little kid in some
other country, but it had taken three years for this bottle to get from where it was
put in the ocean to where it ended up. And I have an idea that far more bottles
never get anywhere than actually end up somewhere where people get them.
61

Several students raise their hands. Ms. Snodgrass picks Audrey.
62

Ms. Snodgrass: Audrey?
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Audrey: Well, it’s like if you're at the beach and you lie on your back and float
over a wave, you don't go anywhere except for like side-to-side because of the
current. It’s not the wave that’s moving you, it’s the tide and the currents and
stuff pulling you in and out. And that’s why the bottle goes wherever it goes, and
why the ball goes out into the lake. It’s not the waves.
63

Progressing the discussion, Ms. Snodgrass thinks of another question.
64

Ms. Snodgrass: Is the water that washes up on the beach... Did that water
come from the middle of the ocean? Are we like picking up enormous quantities
of water and moving it onto the beach? And every time a wave crashes, it’s a new
batch of water?
65

Ms. Snodgrass looks around the room for a hand. Irwin raises his hand. Ms.
Snodgrass calls on him.
66
Ms. Snodgrass: What is it, Irwin?
Irwin: It’s the same stuff.
Ms. Snodgrass: We're just recycling the same old water under the same old,
boring waves that have been smashing against the same beach for hundreds of
thousands of years. Once in a while, you get a good storm at sea that churns
things up and maybe get some mixing going on. Sometimes, you get an offshore
current that brings up water and gets it mixing. But in general, those waves are
just the same old water, crashing on the shore. We're not moving water molecules
from the middle of the ocean to the shore. We're just moving energy in that
direction.

67

Several students raise their hands. Ms. Snodgrass picks Blanche. Blanche offers a
counter example.
68

Ms. Snodgrass: Blanche?
Blanche: Well, I guess it kind of depends. For example, a surfboard moves with
the waves.
Ms. Snodgrass: Okay, someone brought up this morning, bodysurfing. Has
anyone done bodysurfing at the beach?
Several students: (raise hands).
Ms. Snodgrass: What if you don't catch the wave just right?
69

Several students answer simultaneously. One male student can be heard saying, "You
just go up." Another male student can be heard saying, "You just go up with the wave."
Ms. Snodgrass continues with her example.
70

Ms. Snodgrass: But that’s a good question, Blanche. You can watch people
try to surfboard, and if they don't get up at just the right moment to catch the
energy of that wave and move forward, then they just kind of basically either get
the wave and the wave washes over them or they basically maintain their position.

424

71

Several students raise their hands. Ms. Snodgrass picks Siegfried.
72

Ms. Snodgrass: Siegfried?
Siegfried: Well, when I'm on a surfboard, and like, if you miss a wave, it moves
you forward a little bit sometimes. You may move forward a little bit, but it stills
goes pass you, but you still move forward.
73

Relating Siegfried’s question back to a previous question, Ms. Snodgrass asks the
class, “Who was talking about tides?” Audrey raises her hand. She feels compelled to
elaborate.
74

Audrey: If you're out in a boat offshore in the ocean, even if you put a tennis
ball there, then it still moves a little bit even though there are no waves because of
the currents and the tide coming in and out.
Ms. Snodgrass: The tides and the current... But in general, as Boris was saying
and a few others, that ball or whatever object, is going to bob in place. It may
move forward or backward a little bit, but in general, it’s going to maintain it
position unless something comes along, a big wind or wave or something, because
the waves are also manifested in the tide pool because of gravity between the
earth and moon. It’s a whole other issue.
75

Taking the discussion in another direction, Ms. Snodgrass asks the class, “Let me ask
you this question. Why do the waves crash against the shore? What causes that?”
Several students raise their hands. Ms. Snodgrass picks Thurston.
76

Thurston: The bottom end of the waves gets pulled down by the friction of the
sand and the top of the wave still passes through.
Ms. Snodgrass: And what did we learn about in the last chapter?
Thurston: Friction.
Ms. Snodgrass: Friction and what’s Newton’s First Law of Motion?
Several students: Inertia!
Ms. Snodgrass: Inertia and momentum. You're riding the bus. The bus comes to
a complete stop. Your feet are stopped because they're touching the bus. The top
of you, however, didn't get that message so it keeps going forward. When these
waves are moving towards shore and the ocean bottom is getting shallower and
shallower, the bottom of the waves start to drag. So, the top part below the water
is going slower than the part we see above the water, and eventually the wave just
balls over on itself. That’s what causes waves to crash. So, that’s an example of
inertia and momentum.

77

Ms. Snodgrass proceeds to the next question on the homework.
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Scenario #6 - Participatory Activities (Be the Particle)
The class recalls a role-playing activity performed in the past where students
pretended to be particles of a liquid and a solid.
78

Ms. Snodgrass begins the lesson by posing a question to her class. Ms. Snodgrass asks,
“Now, which type of matter, solid, liquid, or gas, would you expect a sound wave to
move most rapidly through? And tell me why?” Ms. Snodgrass looks around the room
in search of raised hands. Irwin raises his hand. Ms. Snodgrass calls on Irwin.
79

Ms. Snodgrass: Irwin?
Irwin: A solid.
Ms. Snodgrass: Why would you say a solid, Irwin?
Irwin: Because the molecules are close together. It doesn't take much motion to
transfer the sound.
Ms. Snodgrass (to the class): Okay, Irwin’s saying that sound has to be
transferred by vibrations, and since the molecules in a solid are close together,
they should transfer that sound pretty easily.
80

Beatrice doesn’t feel comfortable with Irwin’s explanation. She raises her hand to
challenge Irwin’s view. Ms. Snodgrass notices Beatrice raising her hand and calls on
Beatrice.
81

Ms. Snodgrass: Beatrice?
Beatrice: That doesn't seem like that should be true because you can hear things
through air, but you can't hear through walls.
82

Addressing Beatrice’s concern, Ms. Snodgrass attempts to demonstrate that people can
hear through walls by describing a recent experience.
83

Ms. Snodgrass: Alright. Actually, it was interesting. I was in the bathroom in
the back of Ms. Fluvermann’s room one day when y'all were all out there jiggling
those slinkies and I kept hearing this metallic thing. It sounded like coins and I
kept thinking, “What the heck is that noise?” It took me the longest time to figure
out it was those slinkies banging up against the wall in the hall. And this is
cinderblock (pointing to the wall behind her).

84

Proceeding with the discussion, Ms. Snodgrass poses another question to the class.
She asks, “How many of you have tried to do the talking underwater with your friends?
You know, you go into the water of the pool and you try to send secret message across
the pool.” Approximately six students in the class raise their hands. To this group of
students, Ms. Snodgrass asks, “How easy is it to understand what your friend is saying
underwater?” Several students respond simultaneously and express that it is difficult to
understand someone talking underwater. Summarizing the group response, Ms.
Snodgrass says, “It’s really hard, isn't it? Very difficult.”
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85

Beatrice, however, feels that people don’t hear well underwater simply because they’re
not use to interpreting sound traveling through water.
86

Beatrice: Everyone is use to hearing through air. No one is really use to
hearing in water.
Ms. Snodgrass: Well, alright. We're not talking necessarily right now about
how clearly the noise is or how clearly the words are enunciated. We're just
talking about how rapidly that energy is transmitted through that medium. Now,
Irwin thinks because sound requires vibration of molecules, that the closer the
molecules are together, such as in a solid, the better that sound should be
transmitted in terms of speed and energy. It is true - Beatrice is making an
important point - we're use to communicating at least with our words through the
medium of air. And we know that from trying to talk underwater that you can
talk all you want and it’s really hard to figure out what is being said.
87

Returning to the objective of identifying the medium through which sound travels best,
Ms. Snodgrass describes properties that affect how well sound travels.
88

Ms. Snodgrass: Some people think it’s because of something called density.
But there is a property of solids also that is a little bit related to density. It’s
called “elasticity”. It’s really the elasticity of a substance that determines how
well the sound travels through. What do you think we mean by elasticity?
89

Two students, both male, raise their hands. Ms. Snodgrass calls on Virgil.
90

Ms. Snodgrass: Virgil?
Virgil: How well something takes force or changes shape.
Ms. Snodgrass: Alright, Virgil thinks its how well something absorbs force or
changes its shape. I think when we think of elastic, we usually think of a rubber
band stretching. That’s what I think of.
91

Ms. Snodgrass walks to her desk and retrieves a rubber band from her desk drawer.
She holds up the rubber band and tugs it back and forth. Ms. Snodgrass explains, “You
know, this is elastic, it stretches without breaking.”

92

To further demonstrate the concept of sound traveling through various media, Ms.
Snodgrass recalls a past activity in class. In this activity, the students play the roles of
particles as they exist in liquids and solids.
93

Ms. Snodgrass: Remember back in fall when we all got inside this taped box
on the floor? And, we were really close together when we were a solid. We were
touching. We were in contact with all the people around us, but we weren't
moving very much. But if you think about all the particles on all sides of me that
I'm in contact with and if I'm vibrating because sound is moving through me, then
that automatically means that all the other particles are vibrating too. Okay,
which means sound moves pretty well through me. Then when we became a
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liquid, remember how we basically kept our position but we just had a little
movement. I'm vibrating but since I'm moving a little more than when I was as
solid, then maybe for a split second, part of me may not be in contact with a
particle over here or part of me may not be in contact with something over here
(points to imaginary particles around her). So, even though, the sound still moves
through me, it wouldn't be transmitted quite as uniformly.
94

Ms. Snodgrass than describes the medium of gas and its implications.
95

Ms. Snodgrass: And then of course, what’s the problem with gases and
sound? Now, we don't think of this because we talk through gas. But
theoretically, in terms of atoms and their behavior, why should air be not that
great of a medium for transmitting sound?

96

Towards the left of the room, Thurston raises his hand. Ms. Snodgrass calls on him.
97

Ms. Snodgrass: Thurston?
Thurston: The molecules move around too much.
Ms. Snodgrass (to the class): The molecules are like bopping around all the
time, so it’s like I've got energy, I'm vibrating, and then I'll crash into somebody
and then that will crash into something. But, basically, there is a lot of empty
space in between me and the next closest molecule, so a lot of that energy gets
wasted. The vibrations may not be used as efficiently as they might through
another medium like liquid or solid.
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Scenario #7 - Sound Wave Demonstration (Name That Tune)
The teacher uses tuning forks to demonstrate the speed of sound through different
media.
98

To illustrate sound waves and their transmission through different media, Ms.
Snodgrass has prepared a demonstration with musical tuning forks. Ms. Snodgrass picks
up a box full of musical tuning forks from her desk and places the box on a stool at the
front of the room. She pulls a tuning fork from the box, holds it up, and displays it to the
class.
99

Ms. Snodgrass: This is a C tuning fork and it vibrates 256 times per second.
Now, I want everybody to be really quiet, and I'm going to ‘bonk’ this on the
rubber soul of my shoe. Raise your hand if you can hear the vibrations. Okay?”

100

Ms. Snodgrass strikes the tuning fork against the side of her right foot. A faint, high
pitch squeal emanates from the tuning fork. Every student in the class raises his or her
hand to indicate they hear the sound.
101

Ms. Snodgrass moves from table to table. As she walks by each student in the class,
she brings the vibrating tuning fork near one ear of the student. When the tuning fork is
brought to a student, the student sits still and listens intently for the sound. The high
pitch sound is reasonable clear when the tuning fork is placed near one’s ear. As Ms.
Snodgrass walks around the class, she occasionally lifts the tuning fork to her own ear to
verify that the fork is still producing a sound. After walking by each student in the class,
Ms. Snodgrass returns to the front of the room. Summarizing the experience, Ms.
Snodgrass says, “Okay, that’s how it sounds in the air. I can barely hear it when I hold it
up to my ear.”
102

Next, Ms. Snodgrass wishes for the students to listen to the sound as it vibrates
through a table. Ms. Snodgrass directs the class, “Now, put your ear against the table.
Tell me how well you hear the sound through the table.”

103

Most students smile and chuckle at Ms. Snodgrass’ suggestion. Ms. Snodgrass moves
from table to table. As she approaches a table, each student at the table places his or her
head down against the table. At each table, Ms. Snodgrass places the handle of the
tuning fork onto the tabletop. The students listen for the sound. As Ms. Snodgrass places
the tuning fork down onto a table, some students yell, "Ouch!" A few other students jerk
their heads off the table. Most students simply smile and laugh. With an ear against the
table, the sound produced by the tuning fork is stronger and louder than the sound
produced in the air. After placing the tuning fork at each table in the class, Ms.
Snodgrass returns to the front of the room.
104

Ms. Snodgrass asks, “Okay, now could you hear it a little better through the table top
than through the air?” Most students nod their heads. A few yell out, "Yeah!" Ms.
Snodgrass comments, “A little bit better tone quality there.”

429

105

Continuing with her demonstration, Ms. Snodgrass returns the C tuning fork to the
box and pulls out a G tuning fork. She comments, “Now, here comes the fun part. We're
going to need a higher frequency. We’re going to use a G, which is 384, and I'm going to
buzz your nose. Get ready.” Students smile and laugh.

106

Ms. Snodgrass strikes the tuning fork against the side of her right foot. Again, Ms.
Snodgrass moves from table to table. As she walks by each student in the class, she
touches the top of the tuning fork against the nose of the student. The vibrations from the
tuning fork tickle the nose of the student as the fork vibrates the nostril hairs. The typical
reaction of the student to the experience is to flinch back and laugh. A few students rub
their noses after they've been buzzed. The class breaks out in laughter when students see
each classmate’s reaction to the buzzing. Describing the sensation, Ms. Snodgrass says,
"It’s not unlike having a bee buzz around your nose." After walking by each student in
the class, Ms. Snodgrass returns to the front of the room.
107

Continuing with her demonstration, Ms. Snodgrass directs, “Alright, now when I
come around, I want you to move the hair back from your ear and I'm going to buzz the
little hairs right outside your ear.” The class goes, "Oooh." Students smile and laugh.
Again, Ms. Snodgrass moves from table to table. As she walks by each student in the
class, she touches the top of the tuning fork against an ear of the student. After buzzing
each student, Ms. Snodgrass returns to the front of the room.
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Looking for other things to buzz, Ms. Snodgrass suggests, “Now, you can get the
vibration in my earring.” She strikes the tuning fork against the side of her right foot and
places the tuning fork against the earring in her right ear. The earring rings like a dinner
bell. Ms. Snodgrass jokes, “Hello? Hello? Dinner is served.” The class laughs loudly.

109

Ms. Snodgrass then suggests another experiment. She asks, “Does anyone want to get
their braces buzzed?” The class laughs loudly at her suggestion, but no students
immediately volunteer. Some students in the class try to encourage those with braces to
participate in the demonstration. One male student yells out, "C'mon, someone do it."
110

Ms. Snodgrass walks around the class looking for something interesting to buzz. She
sees that Minerva is wearing earrings and suggests, "I'll do Minerva’s earring," as she
brings the tuning fork towards Minerva’s ear. Minerva covers her ear and says, "No
way!" Ms. Snodgrass laughs and continues searching for a subject. Near the center of
the room, two male students are pointing to another male student. Ms. Snodgrass walks
over to these students and notices that one of the students named Horace has braces. She
asked Horace whether she could buzz his braces. Horace happily agrees.

111

Ms. Snodgrass strikes the tuning fork against the side of her right foot. Horace smiles
widely to expose a full set of braces. Ms. Snodgrass touches the tuning fork against his
braces and a loud, high pitch ring is produced. Ms. Snodgrass and the students laugh
loudly. When buzzing Horace’s braces, Ms. Snodgrass recalls a question that was posed
by a student in an earlier class.
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112

Ms. Snodgrass: Someone in the morning class asked if it is true that if you
have braces or fillings in your teeth, you could get radio signals to come in - like
tune into MTV or something. There is this show on Nickelodeon called Pete and
Pete. It’s really an off-the-wall show. These two brothers have a mother who is
suppose to have this metal plate installed in her head because she had some sort of
brain injury. So, she can tune into radio stations. I don't know, I've heard of
stories like that. I don't have any personal experience with that. I do have some
fillings in my teeth, but I have never been able to tune in radio stations with the
fillings in my teeth. But it’s kind of a funny idea to think about that.
113

Ms. Snodgrass returns to the question of how well do sound waves travel through
various media.
114

Ms. Snodgrass: How much better could you hear this tuning fork when I put
it to the tabletop?
Several students: A lot better.
Ms. Snodgrass: A lot better. And a lot better because compared to the air, the
molecules are so much closer together. Basically, when one molecule vibrates, so
does all the rest of them.

115

Next, Ms. Snodgrass discusses the relationship between sound and frequency.
116

Ms. Snodgrass: You heard a middle C, which is 256. The lower frequencies,
for whatever reasons, seem to be a little easier for us to hear than the really high
ones.
Milton: Let’s do like a high C.
Millard: Yeah, do a high C.
117

Ms. Snodgrass puts the middle C tuning fork back into the box. She then digs a high
C tuning fork out of the box.
118

Ms. Snodgrass: Here’s a high C, which is 1024 vibrations per second.
Class: Oooh.
Ms. Snodgrass: 1024 vibrations as opposed to 256. Let’s see if we can hear this.
119

Ms. Snodgrass strikes the tuning fork against the side of her right foot. She lifts up the
tuning fork in the air. The tuning fork emits a high-pitch sound. Several students say,
"Yeah!" to signify they hear the sound.
120

As before, Ms. Snodgrass moves from table to table with the tuning fork. She brings
the tuning fork by an ear of each student. As she moves from table to table, Ms.
Snodgrass strikes the tuning fork against the side of her right foot frequently because the
sound seems to quickly diminish. As Ms. Snodgrass circulates the classroom with the
tuning fork, students begin making suggestions on how to experiment with the tuning
fork.
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121

Beatrice: Could you buzz me in the nose again?
Ms. Snodgrass: Actually, believe it or not, this doesn't buzz nearly as well as the
other one (as Ms. Snodgrass touches the tuning fork to Beatrice’s nose).
Zachary: It’s better if you hit it on the table.
Ms. Snodgrass: I don't want to strike it on the table, because I don't want to
wreck the table.
Olga: Could you put it on my nose too?
Ms. Snodgrass: It doesn't feel as good (as she touches the tuning fork to Olga’s
nose).
122

Seeing Ms. Snodgrass touch Olga’s nose with the tuning fork, Dudley asks, “It itches,
don't it?” Ms. Snodgrass responds, “Well, let’s see.” Ms. Snodgrass strikes the fork
against the side of her right foot and places the fork on her own nose.
123
Ms. Snodgrass: It’s not even any fun. I mean, it really isn't. It doesn't buzz
you well.
Olga: It stops.
Ms. Snodgrass: Yeah, exactly. It’s kinda like you put it on your nose and your
nose just stops the vibrations.
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After passing by all the students with the tuning fork, Ms. Snodgrass returns to the
front of the class. She comments, “This one you can tell that the pitch is a little bit
higher.” Exploring why the higher frequency vibrations die out when placed on one’s
nose, Ms. Snodgrass encourages the students, “Let’s think about this. Why do we think
that the higher frequency would die out more on our nose or why is its impact different?”
125
Before a discussion generates on Ms. Snodgrass’ question, however, Orville throws
out another suggestion.
126

Orville: Could you put the tuning fork on the table?
Ms. Snodgrass: Yeah, I could try it on the table with this one.
127

Ms. Snodgrass strikes the tuning fork against the side of her right foot and moves to
the table where Orville is sitting. Everyone at Orville’s table places his or her head down
onto the table. Ms. Snodgrass places the handle of the tuning fork onto the tabletop.
Orville yells, "Awesome!" when he hears the sound. Irwin, who is sitting at a table at the
far end of the room, also hears the sound.
128

Irwin: You can hear it over here when you put it on that table!
Ms. Snodgrass: Really?
Irwin: Yeah, it amplifies it.
Ms. Snodgrass: Why do you think that is?
Irwin: Because you get more resonance.

129

Ms. Snodgrass moves through the other tables in the room. After buzzing each table
in the class, Ms. Snodgrass returns to the front of the classroom. Students in the class
make additional suggestions on how to use the tuning fork.
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130

Gretchen: Put it on the floor.
Ms. Snodgrass: Well, I don't know how many people would want to put their
ears against the floor.
Thurston: Put it on the floor.
Ms. Snodgrass: What are we going to do, are we going to put people’s ears on
the floor? Do you want to put your ears on the floor? Do you want to try it?
Thurston and Elroy: Yeah!
131

Both Thurston and Elroy immediately move out of their seats to lie on the floor with
their ears against the floor. Ms. Snodgrass laughs. She strikes the tuning fork against the
side of her right foot, bends down to the floor, and places the handle of the tuning fork on
the floor. The entire class except for four students joins in this activity as students move
down from their seats and lay on the floor with their ears against the floor. Ms. Snodgrass
is amused. She laughs heartily, “Leave it to 7th period, they'll go for anything. I wonder
if anyone will think we're doing an air raid drill.”

132

Most of the students fail to hear the sound generated by the tuning fork because they
were late in getting to the floor or because there was too much commotion in the
classroom. With head against the floor, Gretchen requests, “Wait, do it again.” Annoyed
by the noise in the room, Fauna pleads, “Shhh,” to the rest of the class. Ms. Snodgrass
jokes, “Okay, okay, we must be quiet. In pursuit of science and knowledge, we need to
be quiet.”

133

Ms. Snodgrass stands up and strikes the tuning fork against the side of her right foot.
She bends back down and places the handle of the tuning fork on the ground. Several
students can be heard saying, "I hear it!" One female student yells, “Ahhh!”
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Next, Ms. Snodgrass suggests, “Let me do the middle C.” The students remain on the
floor as Ms. Snodgrass gets up and swaps the high C tuning fork with the middle C
tuning fork in the box. Ms. Snodgrass strikes the tuning fork against the side of her right
foot, bends down to the floor, and places the handle of the tuning fork against the floor.
She says, “Alright, here comes C again.”
135

As the students listen for the sound, some of the students talk.
136

Female student: Whoa!
2nd female student: I got it!
3rd female student: I heard it!
137

Many students, however, fail to hear any sound. Two female students ask Ms.
Snodgrass to repeat the test. Ms. Snodgrass stands up, strikes the tuning fork against the
side of her right foot, bends down to the floor, and places the handle of the tuning fork
against the floor.
138

Male student: I hear it over here.
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Female student: I hear the high one better.
2nd male student: I don't hear it.
3rd male student: I don't hear nothing.
139

Ms. Snodgrass test one more tuning fork. The students remain on the floor as Ms.
Snodgrass gets up and swaps the low C tuning fork with another C tuning fork that
vibrates 550 times per second. Ms. Snodgrass strikes the tuning fork against the side of
her right foot, bends down to the floor, and places the handle of the tuning fork against
the floor.
140

Male student: I hear it.
Female student: The high one is better.
Ms. Snodgrass: Do you want to do the high one one more time?
Several students: Yeah!
Ms. Snodgrass: This is the last one.
141

The students remain on the floor as Ms. Snodgrass gets up and swaps the tuning fork
with the high C tuning fork in the box. Ms. Snodgrass bends down to the floor, strikes
the tuning fork against the floor, and places the handle of the tuning fork against the
floor.
142

Several students: Oh!
Male student: I hear it.
Female Student: It hurts!
2nd Female Student: Ouch!
143

The students slowly get off the floor and back into their seats. Ms. Snodgrass stands
up and returns the tuning fork to the box. Ms. Snodgrass concludes the experience with
some kidding.
144

Ms. Snodgrass: If you get ear damage, I don't want to hear it. Well, now that
we've clean up all the dust mites off the floor, this is a much healthier place for us
to be. I really appreciate that. You know, we should do this about like once a
month or something - just get on the floor and clean up the dust mites.
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Appendix D: High School Classroom Scenarios

Scenarios from a High School Physics Inelastic Collision Lab
Context
The scenarios presented here have been extracted from actual observations taken from a
physics class at a high school. The observations are on a lab on inelastic collisions.
The physics class consisted of twenty-seven students - fourteen males and thirteen
females. Of the students, two are Asian females, two are African-American females, and
one is an African-American male. The class has no Hispanic or Native American
students.
The basic layout of the class is shown in the diagram below. Normally, students would
sit in student desks during lectures and at the student workbenches during experiments.
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Scenario #1 - Overview of the Lesson (A Sticky Issue)
The teacher introduces the inelastic collision experiment to the class. Features of
the experiment are elaborated.
1

The objective of the lesson is to teach high school students about inelastic collisions.
The lesson consists of a number of activities and is covered over four school days. Three
days are devoted to the lab and one day is reserved for a lab quiz.
2

At the beginning of class during the first day of the lesson, Mr. Neidermeyer passes out
a data worksheet to each student. On a desk near the front of the classroom, Mr.
Neidermeyer then demonstrates the step-by-step procedures for assembling the
equipment.
3

The experiment involves two metal cars, a metal rail, and two photogates. The two cars
ride on top of the metal rail. The front car has a notch on top in which a “picket fence” is
placed. A picket fence is a glass plate with visible markings along its flat surface. Both
cars have Velcro on one end such that when the cars collide, the two cars attach. The
photogates are connected by a wire and are placed alongside the rail. At the base of one
photogate stand is a LCD display. Each photogate has two sensors. The sensors of a
photogate hang over the rail such that when the front metal car slides along the rail, the
attached glass plate moves cleanly between the two photogate sensors.
4

The photogate may be set via the LCD display to take different types of time
measurements across the photogates. For the inelastic collision experiment, the
photogates are set to return the time elapsed between two markings on the picket fence.
A student may calculate the velocity of the glass plate (and the metal car) given the
elapsed time and the distance between the two markings. The diagram below depicts the
setup of the experiment.
LCD
Display

Second
Photogate

Back
Car

First
Photogate

Front
Car

Picket
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Experimental Setup
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5

After demonstrating the assembly of the equipment, Mr. Neidermeyer then demonstrates
the execution of one run of the experiment. To execute a run of the experiment, a student
pushes the front car along the rail into the back car. When the two cars collide, they
attach and energy is transferred from the first car to the connected pair of cars. The
transfer of energy is observed as a decrease in velocity between the initial car and the
connected pair of cars. The first photogate is used to capture the velocity of the initial car
and the second photogate is used to capture the velocity of the connected pair of cars.
6

Alternatively, the student may calculate the final velocity of the two cars from an
equation, given the masses of the two cars and the initial velocity of the front car. More
specifically, they may apply the equation
vf = ( m1 / ( m1 + m2) ) v1f
where m1 is the mass of the front car, m2 is the mass of the back car, v1f is the velocity of
the initial front car prior to collision, and vf is the velocity of the two connected cars after
collision.
7

The main steps of a particular run is to determine the final velocity of the connected pair
of cars experimentally and then to compare this observed velocity with an ideal final
velocity calculated from equation. The objective of the run is to experimentally obtain a
final velocity, which is within 3% of the ideal velocity. Students are to repeat the run
until this 3% error threshold is reached.
8

Students are to execute five different variations of the experiment where the mass of the
cars are altered by adding and removing weight blocks. For each variation, the objective
is to experimentally obtain a final velocity, which is within 3% of the ideal velocity.
9

The set of variations for the experiment had been written on the chalkboard at the front
of the classroom by Mr. Neidermeyer. The variations are listed in the form of the
following variation table.

I
II
III
IV
V

Scenario
both cars empty
car 1 w 1 block
car 1 w 2 blocks
car 2 w 1 block
car 2 w 2 blocks

10

In addition to the above variation table on the chalkboard, Mr. Neidermeyer had also
written the values of the settings at which the photogates are to be set for the experiment.
11

Each student is to complete at least one worksheet for each variation of the experiment.
The worksheet provides a chart in which the data and results of ten runs of the
experiment may be stored. In cases where a group is unable to achieve less than 3% error
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in ten runs, the group would gather additional worksheets to the store the results of
additional runs.
12

Throughout Mr. Neidermeyer’s demonstrations, students would freely interrupt Mr.
Neidermeyer to ask questions regarding the experiment and to add comments. Mr.
Neidermeyer gives the students some hints on how to manipulate the experiment to
achieve better error values. He also discusses some safety concerns regarding the use of
the equipment. Once the demonstrations were complete, Mr. Neidermeyer polls the class
for any further questions. Archibald asks a question regarding the execution of the
experiment. Juanita asks a question regarding the use of the photogates.

13

Once all questions have been addressed, Mr. Neidermeyer directs the class to organize
into the same groups they formed during a previous experiment. Originally, these groups
were allowed to form amongst themselves. Typically, a group would form among
students who sat spatially close to each other. The seating assignments, however, were
freely selected by the students at the beginning of the school year. As a consequence,
most students sat nearby their friends as well as formed groups with their friends.
14

Group members convene at their respective workbenches. After convening, some
group members disseminate throughout the room to gather equipment for the lab while
others wait at the workbench. Once all the equipment has been gathered, the group
assembles the equipment. Once the equipment is properly assembled, the group performs
the lab.

15

A group manipulates the error of the experimental result by changing the positions of
the photogates, the positions of the cars, or the initial velocity of the front car.
Throughout the lab sessions, students would execute the experiment and work on their
calculations using their calculators and worksheets. By the end of each day of lab, group
members would disassemble the equipment and return the parts to various areas of the
room.
16

On the third day of the lab, Mr. Neidermeyer hands out lab assignment sheets. After
completing the series of experiments, each student transfers the results of the group’s five
best runs from his/her worksheets to the lab assignment sheet. The transferred results are
the best runs for each of the five variations. As directed by the assignment sheet, the
student uses the experimental results to perform various energy calculations, to
graphically analyze computed energies, and to answer some questions regarding the
transfer of energy.

17

Students place the products of the inelastic collision experiment, which are the
completed worksheets and the lab assignment, in their personal lab notebooks. Shortly
after the lab sessions, the students are given a lab quiz. In the quiz, students are given a
fake data table, with which students complete error and energy calculations and analysis
similar to those performed during the lab.
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Scenario #2 - Setting Up the Equipment
Members of a group coordinate to assemble the equipment prior to the execution of
the experiment.
18

All remaining scenarios are focused on the interactions of one particular group of
students. This group consists of following six students:
Godfrey - Caucasian male
Matilda - African-American female
Dexter - Caucasian male
Esther - African-American female
Hildegarde - Caucasian female
Ingrid - Caucasian female
19

The students sit clockwise around a workbench in the order specified above. The
diagram below depicts the relative positions of each student. All six students share a
single setup.
Godfrey

Matilda

Dexter

Ingrid

Hildegarde

Esther

Seating Arrangement
20

Scenario #1 begins at the workbench where all the equipment for the experiment has
been gathered. The rail has been placed lengthwise along the workbench and sits closer
to Matilda’s and Godfrey’s side of the workbench. Matilda places the photogates
alongside the rail. Wishing to check the level of the rail, Dexter walks around the
workbench and takes the back car from Godfrey. Dexter positions the back car on the
rail and releases it to see if it would drift. The car slides slowly towards the right. The
sliding car indicates the rail is not level.
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21

Godfrey picks up the back car from the rail and sets it on the workbench. Dexter
returns to his end of the rail and raises the height of the rail at his end. After the
adjustment, Dexter asks Godfrey to "Let it go. See what happens." Godfrey picks up the
back car and places it at the center of the rail and releases it. The car again drifts slowly
to the right. Dexter looks at the legs at his end. Noticing that the legs of the rail at his
end are damaged, Dexter directs Godfrey, "could you lower it down there because this is
about to fall apart," pointing to the legs of the rail at his end. He then snaps his fingers
twice as a playful indication he just gave an order.

22

Godfrey proceeds to adjust the legs at his end while Matilda supports the rail with her
hands at the center of the rail. Godfrey and Matilda then place the rail back down onto
the workbench and Godfrey releases the back car onto the center of the rail. The back car
again drifts slowly towards Dexter’s end. Godfrey then asks Matilda, "Should I lower it
down?" Matilda responds, "Yeah." Dexter lowers the legs of the rail at his end. Matilda
looks over at Dexter’s end and tells Godfrey, "I'm going to raise this end.” She proceeds
to do so.
23

After Matilda and Godfrey have adjusted their ends, Godfrey releases the back car at
the center or the rail. Again, the car drifts slowly towards Dexter’s end. Matilda directs
Godfrey to "Bring it down." Godfrey holds onto the car while it sits on the rail as he
lowers his end. Godfrey then tentatively releases the car near the center of the rail. The
car remains stationary. Dexter claps his hands and says, "There you go." Esther
exclaims "Alright."
24

Esther places the front car on the end of the rail near Dexter. Dexter connects the wires
to the photogates. He then proceeds to the front of the room to collect a picket fence. He
returns shortly and attaches the picket fence to the top of the front car.

25

During most of the equipment setup process, Esther, Hildegarde, and Ingrid talk
casually among themselves and watch the others set up the equipment.

26

The group is now ready to execute the experiment.
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Scenario #3 - Working through the Steps of the Experiment
Through trial and error, the group makes several attempts towards running the
experiment before it achieves a successful run.
27

Matilda places the back car onto the rail in between the two photogates. Dexter places
the front car onto the rail behind the first photogate. Dexter asks Matilda, "Ready?"
Matilda hits the reset button on the photogate LCD display and responds "Yeah." Dexter
then moderately pushes the front car along the rail into the back car. The two cars
collide, attach, and then move as a single unit towards the opposite end of the rail. When
the connected cars reach Godfrey’s end of the rail, he stops the cars from reflecting back
along the rail off the endgate. Matilda looks down at the photogate display and reads out
".2325".
28

Godfrey releases his hold on the cars to write down the readings announced by Matilda.
After Godfrey releases the cars, the cars drift slowly along the rail towards Dexter’s end.
The cars move back under the second photogate and the photogate sensors are retriggered. Matilda notices the cars move under the second photogate and says, "Arrg...,
God..., Godfrey! We have to redo it."

29

Matilda pulls the two cars apart and positions the back car between the photogates and
the front car behind the first photogate. Dexter says, "Ready?" and pushes the front car.
The front car collides into the first photogate before attaching to the second car. Matilda
says to Dexter, “Good going, Dexter!” Dexter responds, “Shut up.” Matilda jokes,
“You're so skilled.”

30

Godfrey detaches the two cars. Dexter takes the front car and places it on the rail
behind the first photogate. Godfrey takes the back car and places it between the two
photogates. Godfrey pushes the front car into the back car, the cars attach and then travel
across the second photogate. Godfrey stops the cars at his end. Matilda looks at the
photogate display and yells, ".1509." Everyone in the group writes this number down on
their worksheets.
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Scenario #4 - Diagnosing a Problem during Execution (The Ghost in the Machine)
Collectively, the group tries to diagnose a problem it encounters during a run of the
experiment.
31

Dexter pushes the front car into the back car, the cars attach, and the attached cars slide
to Godfrey’s end. Godfrey stops the cars at his end. Matilda reads out ".1617." Dexter
glances down at the display and notices that the display did not change when the cars
moved across the second photogate. He assumes that the sensors on the second
photogate were too high above the picket fence as the cars passed under. Dexter reacts,
“It’s not reading. Lower it.” Dexter moves towards the second photogate apparently to
lower it. Before Dexter has a chance to lower the photogate, Godfrey objects, “What? It
is reading. I see the red light going on.” Matilda confirms Godfrey’s observation by
saying, “I see the red light going on also.”
32

To check his hypothesis that the photogate sensors are too high, Dexter slides the front
car underneath the second photogate to see whether the glass plate and photogate sensors
are aligned. Indeed, they are.

33

Godfrey theorizes that the photogates may not be properly connected. He says, “Are
they not connected together?” No one responds to Godfrey’s question.
34

Dexter wonders whether the display is working. He asks, “Are we not remembering
it?”

35

Godfrey restates his particular concern as he asks, “Is the line connected?” Godfrey
proceeds to inspect the cable emanating from the second photogate. This time, Matilda
responds to Godfrey’s question with a “Yeah.”

36

Dexter picks up the first photogate and inspects it thoroughly. He looks at the bottom
of the photogate and then looks at the display. He aims to test the working condition of
the photogates. He resets the display and informs the group, "Here, I'm going to try it.
Ready?" Dexter slides his hand through the first photogate while he holds the photogate
in his other hand. He then directs Matilda to "now hit the other end." Matilda removes
the back car from the rail and slides her hand through the second photogate. The display
appears to be in working order as it returns two numbers (i.e., each photogate returns a
number). Dexter verifies that two numbers were returned and says, “It read it.”

37

The group returns to executing more runs of the experiment.
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Scenario #5 - Uninvolved Student Raises an Issue (Voice from the Dead)
While largely uninvolved during the lab, a group member raises an issue regarding
the experiment.
38

After a run of the experiment, each member of the group performs calculations using
the times obtained from the run. After performing her calculations, Ingrid looks over
onto Hildegarde’s worksheet and notices an error. Ingrid believes that Hildegarde is
using incorrect values for the mass of the cars in her calculations. As she points to
Hildegarde’s worksheet, Ingrid says, “No! Look! Your mass is all wrong. The mass of
these cars today are different than the mass of the cars we had yesterday.” Catching this
conversation, Matilda asks Ingrid, “What was yesterday’s masses?” Dexter feels that the
masses of the cars do not change. He adds, “They should be the exact same. They're the
same cars.” Matilda agrees as she says, “Yeah, they should be exactly the same.” Ingrid,
however, remains staunch. She reads off the mass values she had written which were .5
and .476. Presumably, Ingrid had weighed the two cars earlier during today’s lab session.
These mass values are different from the mass values obtained the day before.
39

Matilda and Godfrey are convinced by Ingrid as they write the new mass values down
on their worksheets. Not convinced, however, Dexter picks up the two cars from the rail
and walks to a scale a few feet away.
40

Irritated by Dexter’s lack of confidence in Ingrid, Matilda quips, “Dexter, c'mon,
believe her. It’s not like she doesn't know what she’s doing.” Unfazed by Matilda’s
remark, Dexter weighs each of the cars and yells out the mass readings of .515 and .480.

41

Everyone accepts these readings as the correct values. Each student writes down the
new mass values on his/her worksheet and begins to recalculate the velocity equations.
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Scenario #6 - Control, Conflict, and Resolution
In the midst of the lab, different group members try to wield control over the
direction of the experiment.
42

After several runs of the experiment, the group was unable to experimentally obtain a
final velocity that had less than 3% error from the ideal velocity. In fact, the smallest
error rate recorded for the group was 18%.
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Godfrey stands up and slides both cars over to Dexter’s end of the rail. Godfrey slides
the cars back and forth in an attempt to determine the best placement for the photogates.
He places the photogates close together such that there is only half a car length distance
between the two photogates. He places the back car just outside of the second photogate
and the front car at Dexter’s end of the rail. Seeking permissions to start the run, Godfrey
asks Matilda, “Alright, ready?” Ignoring Godfrey’s prompt, however, Matilda suggests
to the group, “You know what? Maybe if we increase the distance...” Before Matilda
completes her sentence, Dexter interjects with “Yes, we should.”
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Taking action on Matilda’s suggestion, Dexter begins to slide the second photogate
further down along the ramp. Matilda objects and grabs onto the second photogate. Both
Godfrey and Dexter hold onto to the photogate as the following argument proceeds.
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Godfrey: No, I want to put them closer.
Dexter: No, we just put them closer and we got 43%.
Godfrey: We didn't put them close enough.
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Godfrey and Dexter have competing ideas and they both vie to control the experiment.
Godfrey then pushes Dexter’s hand off of the second photogate and returns the photogate
back to its previous position. Seeing that the experiment was getting out-of-hand,
Matilda attempts to bring order back to the experiment. She makes the following
suggestion to the group and seeks group consensus. She says, “I know what. We should
go around in a circle and have our own theories and we'll test them out and see who gets
the lowest. You guys want to do that?” Both Esther and Hildegarde say “Yeah!” in
approval of Matilda’s strategy.
47

Next, Matilda administers her strategy starting with Godfrey. Matilda says, “Alright,
we'll each do our own theory. This is Godfrey’s theory, alright?” Dexter augments the
strategy by suggesting, “And we'll stop if anyone gets less than 3%.”
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Godfrey places his hand on the front car in preparation for his run. Dexter reaches out
and also places his hand on the front car to stop the run. Dexter says, "Hold on," as he
points to some problem he sees with the first photogate. As the self-appointed administer
to her strategy, Matilda pushes Dexter’s hand off of the front car and admonishes him,
“Dexter, this is Godfrey’s theory!” She then directs Godfrey to continue. In defiance,
Dexter quips, “It’s wrong.” In defense of Godfrey, Hildegarde says, “It’s not wrong.”
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Looking at the photogates, Matilda gives Godfrey some advice. She say, "Wait, you
might want to get this straight first," as she points to the photogates. Godfrey responds,
"Whose theory is this anyway?" Realizing that she was infringing on Godfrey’s "theory,"
Matilda apologizes saying, "I'm sorry." Worried that the wires of the photogates may be
impeding the path of the cars, Matilda interrupts again. She directs Hildegarde, "Could
you be sure that the wires are not touching the cars." Hildegarde moves the wires of the
photogates away from the path of the cars.
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Matilda now directs Godfrey to start the run as she looks down onto the display. As
she looks down, she sees Dexter’s hand on the controls of the display. Matilda
admonishes Dexter again. She yells, “Dexter” as she pushes Dexter’s hand away from
the display. She then tells Godfrey, "Alright, go." Godfrey pushes the front car softly
into the back car. The cars attach and slide slowly to the opposite end of the rail.
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Disgusted with the run, Dexter slides the cars back to their starting positions with the
expectation that Godfrey will redo the run. Dexter quips, “It’s wrong. I'm not going to
waste the next five minutes of my life.” Others in the group get frustrated with Dexter’s
attitude. Matilda says, “C'mon Dexter.” Hildegarde says, “You're going to be able to
eventually test your own theory no matters what happens here.”
52

Although Dexter does not specifically state what’s wrong with Godfrey’s run, the
group collectively knows from the experience of many previous runs that the initial
velocity of the front car was much too slow. Godfrey repositions himself and the cars to
redo the run. Matilda directs him to proceed. She says, "Alright, go." Godfrey pushes
the front car with additional force. The cars collide and glide to the opposite end.
Matilda reads out the numbers .0758 and .2295. She further directs Godfrey by saying,
"And Godfrey is going to do the calculation as well."
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Everyone except Matilda performs calculations on their calculators. As Dexter works
on his calculations, he mutters, "you are so wrong," referring to Godfrey’s "theory."
After a short while, Ingrid reads out her calculation of the error at 36.17%. Everyone
writes down the error on his or her individual worksheets.
54

Next, Matilda tests out her "theory."
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Appendix E: Activity Outlines and Episodes

The Block and Plane Mentoring Scenario
In this scenario, a fixed set of HS mentors will be assigned to work will all MS tutees
throughout all class periods. For each MS class, 6-8 tutees will be selected to participate
in the mentoring activity.
Day 0:
1.) HS mentors familiarize themselves with the operation of the simulation and
supporting software.
Day 1:
2.) HS mentors and MS tutees meet for the first time over the computer.
3.) HS mentors and MS tutees access an on-line lab assignment that the tutees are to
complete. The lab assignment has a table in which the tutees are to store the
results from sets of runs of the simulations. Furthermore, the lab assignment has
questions pertaining to each set of runs as well as some integrating questions at
the end.
4.) HS mentors guide their tutees over the operation of the simulation and the
supporting software.
5.) HS mentors guide the MS tutees in completing the lab assignment.
6.) As the MS tutees work with the simulation, they put information, data, notes, and
questions in their on-line journal.
7.) Non-mentored MS students run physical simulations using matchbox cars, plastic
ramps, and stopwatches.
Day 2:
8.) HS mentors prepare their instruction for the MS tutees. As part of this, each
mentor pair defines a set of questions to guide the learning of the MS students.
Furthermore, the mentor pair defines a set of parameter configurations for the MS
tutees to investigate.
9.) MS teachers direct class discussion involving all MS students in which the class
discusses concepts relevant to the simulation and physical experiment.
10.) All MS students are given a mathematical problem set related to the simulation
and physical experiment. The students work on the problem set during class.
11.) MS tutees develop two questions to ask of their mentors that arise from class
discussion or from the mathematical problem set.
12.) MS tutees send their two questions to their mentors via e-mail.
13.) HS mentors answer tutees’ questions in return e-mail.
Day 3:
14.) HS mentors and MS tutees meet over the computer.
15.) HS mentors ask their tutees guiding questions and present the tutees with the
predefined simulation configurations.
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16.) During the mentoring session, HS mentors and MS tutees collaboratively
construct on-line journal entry. HS mentors places questions that arise in the
journal. MS tutees put information, data, and notes in the on-line journal.
17.) Non-mentored MS students continue running physical simulations.
Day 4:
18.) MS tutees complete unresolved questions in their on-line journals.
19.) MS tutees construct individual lab reports from information maintained in their
on-line journals.
20.) MS tutees may send additional questions to their mentors via e-mail.
21.) HS mentors answer tutees’ questions in return e-mail.
22.) Non-mentored MS students construct lab reports from the physical experiments.
Day 5:
23.) MS groups are composed with students involved in both the physical experiment
and the mentoring activity.
24.) Each MS group develops an oral presentation.
Day 6:
25.) Each MS group gives oral presentation to entire class.
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VARIATIONS
A) Providing all MS students with experience using the simulation hasn’t been
elaborated here. We need to add days upfront for this activity. Suzan would need to
set aside a few days. Kathy probably could set aside a single day and send the entire
class to the computer lab.
Computer Lab Usage
Pros:
Allows all students to work with the simulation at the same time.
Cons:
Not all teachers have access to a computer lab.
B) For step 7, we may have a total of three different simultaneous activities rather than
two. The third activity (which is not mentor-based) might be to have students find
related forces and motion information out on the WWW.
Physical Experiment as Complementary Activity
Pros:
Integrated computer-based simulation with real-world simulation.
Cons:
May not be as interesting to students as the computer simulation work.
Web Search as Complimentary Activity
Pros:
Provides yet another area of research that supports the eclectic collection
of data.
Cons:
Requires scarce computer time.
May not be as interesting to students as the computer simulation work.
May lead to additional chaos - lesson becomes harder to manage.
C) We could have non-mentored students be directed by an on-line tutorial that is more
thorough and complete than the lab assignment. The tutorial could guide the MS
students through the simulation and the LiNC environment and give hints on how to
set up configurations and to analyze results. In the end, we could compare the
computer-aided instruction approach against a live mentoring approach.
On-line Tutorial on Simulation
Pros:
Provides guidance to those MS students that are not assigned mentors.
Provides an alternative model for guidance or mentoring.
Cons:
Will increase demand for computer use.
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D) Instead of having MS tutees mail two questions to their mentors after the class
discussion (steps 12 and 13), the tutees might save the questions in the on-line journal
and ask them to the mentors during next live mentoring session (step 14).
Question and Answers via E-mail
Pros:
Provides another communication approach to mentoring.
Support more flexible scheduling of mentoring activities.
Cons:
Cannot support spontaneous Q&A.
E) In step 16, HS mentors may either generate the questions on the fly during the
mentoring session or after the session has completed.
Dynamic Generation of Questions during Mentoring
Pros:
May be used as an instruction device to guide the course of the mentoring.
Allows tracking of the conversation - allows teachers to evaluate the
interaction and the content of the discussion.
Cons:
Difficult to maintain and address in real-time.
Redundant questions may pop up.
Post Generation of Questions during Mentoring
Pros:
Allows mentors time to organize the questions in a more logical and
efficient form.
Cons:
Cannot use questions as a structuring tool for the providing instruction.
Filtering may remove questions that allow teachers to assess the value of
the interaction and knowledge transferred and/or constructed.
F) In step 19, a lab report may be generated by each MS tutee or by each group of tutees.
G) After being mentored, MS tutee could turn into a mentor for a group of MS students.
If we have 6-8 mentored students, we then could form 3-4 groups each consisting of
6-8 students.
Tutee Becomes Mentor
Pros:
A way to provide the mentoring experience to the entire class without
requiring additional effort on the part of the HS mentors.
Cons:
With 6-8 tutees, the number of groups for a class is limited to 3-4 groups.
The group size is too large to be efficient.
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Middle school students may not be mature enough to function as mentors.
H) An alternative group end product (steps 24 and 25) could be a web page presentation.
Kathy talked about having her students perform additional research to find real-world
examples of forces and motion. Findings from the research could be organized into a
web page.
Oral Presentation
Pros:
Does not require computer access.
Oral presentational skills are important to build.
Cons:
Is not available to others outside of classroom.
A transient product.
Web Presentation
Pros:
Web publishing is a topic in the Standards of Learning (SOL).
Product is accessible to others outside of class.
A persistent product
Cons:
Increases demand on computer access.
MISCELLANEOUS ISSUES
Can Fred keep his HS students for an entire day to conduct the mentoring activity?
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SCENARIO EPISODES
Episode 1:
Episode 2:
Episode 3:
Episode 4:

Mentors Help Tutees with Lab Assignment
Mentors Construct Instruction for Tutees
Tutees Learn Force and Motion Concepts from Mentors
Tutees Produce a Lab Report

Optional Episode: Tutees Learn Simulation by Tutorial
Optional Episode: Tutees Produce a WWW Presentation
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Episode 1: Mentors Help Tutees with Lab Assignment
Bueford and Gabriella are two MS tutees paired up for the scenario. Sly and Agnes are
two HS mentors assigned to Bueford and Gabriella. In this episode, mentors guide the
tutees through the execution of the block and plane simulation and help the tutees work
through their lab assignment.
1) Bueford and Gabriella call their mentors over the computer.
2) A connection between the mentors and the tutees is established as a video window
pops up with a view of Sly and Agnes.
3) The two groups exchange greetings and introductions.
4) The MS tutees bring up the on-line lab assignment (which is seen by both the mentors
and tutees). Both the mentors and tutees read the on-line lab assignment.
5) The HS mentors guide the MS tutees in bringing up the LiNC physics learning
environment, the block and plane simulation, and the 2D graphing tool. The mentors
describe the primary features of the software.
6) The HS mentors guide the MS tutees in setting up the parameters to the simulation.
The mentors describe how the data table in the lab assignment relates to the
parameters of the simulation.
7) The HS mentors watch as the MS tutees run the simulation.
8) The HS mentors guide the MS tutees in collecting and interpreting the data.
9) MS tutees transfer data produced from the simulation into their on-line journal.
10) Mentors and tutees discuss the questions in the lab assignment.
11) During the course of the discussion, the MS tutees jot down notes in the on-line
journal.
12) During the course of the discussion, the MS tutees ask questions concerning the
simulation, software, and lab assignment.
VARIATIONS
A) The LiNC environment could model one of the two competing metaphors. It could
follow either the workbench or the lab notebook metaphor. Test this episode with
both metaphors.
Workbench Metaphor
Pros:
Logical organization of tools.
Cons:
Lab Notebook Metaphor
Pros:
Integrates the experimental process with writing.
Cons:
B) In step 2, the synchronous communications mechanism could be audio-only or text
chat rather than live video.
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Live Video
Pros:
Keeps students on task because of the greater sense of presence.
Is spontaneous.
Requires little time and effort for collaborators to communicate.
Cons:
Students often ignore the video if it does not provide any information
relevant to the task.
Adds and is affected by the noise in the classroom.
Does not maintain a history that can be easily reviewed and searched.
The video doesn’t offer any intrinsic value (video doe not convey
information that is important to the simulation or the analysis).
Audio-Only
Pros:
Is spontaneous.
Requires little time and effort for collaborators to communicate.
Requires less bandwidth than video.
Cons:
Adds and is affected by the noise in the classroom.
Does not maintain a history that can be easily reviewed and searched.
Text Chat
Pros:
Requires less bandwidth than audio and video.
Does not add nor is it affected by the noise in the classroom.
Maintains a history that can be easily reviewed and searched.
Cons:
Is not spontaneous.
Requires time and effort for collaborators to communicate.
C) In step 12, the mentors could collect the questions that the tutees ask in the
collaborative on-line journal.
History of Procedural Questions
Pros:
Document process, which can be reviewed and followed again later.
Cons:
Questions don’t reveal the conceptual knowledge that was transferred or
gained.
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Episode 2: Mentors Construct Instruction
Sly and Agnes are two HS mentors paired up for the scenario. In this episode, the two
mentors prepare instruction prior to the second mentoring session.
1) Sly and Agnes bring up the LiNC science learning environment.
2) From the LiNC environment, the mentors bring up the on-line journal.
3) They compose a set of high-level conceptual questions to ask their tutees and place
these questions in the on-line journal (Give examples of high-level questions).
4) From a set of simulations in the LiNC environment, the mentors select the block and
plane simulation.
5) From a set of data analysis tools, the mentors select the 2D graphing tools.
6) The mentors establish a data flow link between the block and plane simulation and
the graphing tool.
7) The mentors set the parameters of the simulation to reflect a steep angle, smooth
surface, and heavy block.
8) The mentors run the simulation to verify the parameter settings.
9) The mentors save the simulation configuration in the on-line journal.
10) The mentors develop several guiding questions relating to the specific simulation setup and add these to the on-line journal (Give examples of guiding questions).
11) The mentors build several other configurations with associated questions and save
these in the on-line journal.
12) The mentors save the on-line journal and exeunt the LiNC environment.
VARIATIONS
A) When the LiNC environment is initially brought up in Step 1, the environment could
prompt the mentors for a username and password. The LiNC environment could then
save its state between sessions. The simulation configuration and on-line journal
would be automatically saved upon exit from the environment.
Password Protection
Pros:
Allows each group to automatically save the last state of last state of the
learning environment.
Cons:
Requires administrational effort to create and maintain usernames and
passwords.
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