Problem-Based Learning: A Case Study in Integrating

Teachers, Students, Methods, and Hypermedia Data Bases
by
Robert J. Myers
Dissertation submitted to the faculty of the
Virginia Polytechnic Institute and State University
in partial fulfilment of the requirements for the degree of
DOCTOR OF PHILOSOPHY
in

Curriculum and Instruction

APPROVED:

ﬂz/af“ 7 Dt W P i
/John K. Burton (Chair) James W. Garrison
Ao Ko Jwap S Deglear
Deborah S. Hix ~Susan G. Magliafo

(v .

; ) LT~

&M C.9~x" (Y,
D. Michael Moore C. David Taylor *

July, 1993
Blacksburg, Virginia



Problem-Based Learning: A Case Study in Integrating
Teachers, Students, Methods, and Hypermedia Data Bases

By
Robert J. Myers

Committee Chairman: John K. Burton
Curriculum and Instruction

(ABSTRACT)

This study describes two efforts: (1) the development of a learning environment that
includes a hypermedia data base about Mesoamerica, and (2) an observational study of
middle school students using the system within a framework of problem-based learning for
mastering content and thinking skills. The goal was to create a learning environment
influenced by metacognitive strategies, hypermedia interface design, and problem-solving
scenarios preceded by discrepant events. Participants consisted of 25 seventh-grade social
studies students. They were divided into four groups, each having access to a
microcomputer with the hypermedia data base. They also had additional resources such as
books and magazines dealing with Mesoamerican civilizations. Data collection included
direct observations from four facilitator/evaluators, audiotape, videotape, student products,
software routines, and questionnaires. Findings suggest:

« the hypermedia data base navigation was usable and easy to learn for these

students

» a discrepant event inquiry model was among the factors contributing to sustained

student activity

» embedded problem-solving strategies facilitated higher-order thinking only when

coupled with teacher support.

The key in the environment appeared to be teacher-student interactions which
allowed the teacher to dynamically assess students' abilities, then provide necessary
support for independent action. The computer's role was that of a tool which mediated
between the teacher and students.
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Chapter 1
Introduction

This document describes two efforts: (1) the design of a learning environment
that includes a hypermedia data base about ancient civilizations in Mesoamerica, and (2)
an observational study of middle school students using the system within a framework of
problem-based learning for mastering content, and learning valuable critical thinking
skills. One frequently reads calls to address problem-solving and higher-order skills of
students. Statements of these types have been with us for some time. This quote from
Benjamin Bloom (1956) is a prime example:

Whatever the case in the past, it is very clear that in the middle of the 20th

century we find ourselves in a rapidly changing and unpredictable culture.

It seems almost impossible to foresee the particular ways in which it will

change in the near future or the particular problems which will be

paramount in five or ten years. Under these conditions, much emphasis

must be placed in the schools on the development of generalized ways of

attacking problems and on knowledge which can be applied to a wide

range of new situations. That is, we have the task of preparing individuals

for problems that cannot be foreseen in advance, and about all that can be

done under such conditions is to help students acquire generalized

intellectual abilities and skills which will serve him well in rany new
situations. (p.46)

This document discusses development of a system to address Bloom's concerns.
Because an integral part of this system includes design and development of a thematic
hypermedia data base, the first two chapters discuss issues involved in its creation. Later
chapters explore integrating the data base into a classroom and conducting a study to
determine the success of these efforts.

The term multimedia has many definitions — depending upon the background of
the person doing the defining. In its simplest form, multimedia can be described as a
combination of two or more electronic forms of communication. A more descriptive

definition includes a system that combines video, text, sound, animation, and graphics.



Hypermedia employs the same electronic forms as multimedia, but allows learners to
access information in nonsequential fashion. An elaboration of hypermedia follows.

In 1945, Vannevar Bush hypothesized a device called “memex.” Memex would
provide storage for various print media, then allow users to rapidly retrieve the
information. With Memex a user could search in a nonlinear fashion by creating links or
associations among ideas. Nelson (1967) coined the term “hypertext” which permits
users to connect ideas in a nonsequential fashion. Nelson is also credited with defining
“hypermedia.” Hypermedia goes beyond hypertext to provide nonsequential or nonlinear
links involving multiple forms of media such as full motion video, audio, still frame
pictures, and animation. Both terms, multimedia and hypermedia, are used in this
document. They refer to nonlinear navigation through the data base.

Efficacy of these systems causes continuing debate. While this issue is somewhat
outside the focus of this document, a short review of the debate is warranted. It is
difficult to find educational technology periodicals that fail to address some facet of
hypermedia or multimedia-based systems. Educators and researchers continue to
question the effectiveness of these new systems in learning environments. Proponents
say multimedia allows learners to create, annotate, and link together information from a
variety of media such as text, full-motion video, animation, and sound (Meyrowitz,
1988). Advantages are said to include the possibility of combining artificial intelligence,
cognitive science, and advanced technologies to provide a quantum jump in learning
(Molnar, 1988). Ambron (1988) states that multimedia frees teachers from the
constraints of textbooks and allows students to be active learners, controlling access to
and manipulating vast quantities of information with a computer. Amthor (1991) states
that multimedia arouses curiosity, promotes self-propulsion, and organizes knowledge by

mirroring human activity.



Intuitively, giving students the ability to traverse large multimedia information
stores could result in more motivated and knowledgeable students. Self-acknowledged
visionaries proclaim the dawning of a new Renaissance, but perhaps ignore the basic
processes of learning (Purcell & Myers, 1992). Reeves (cited in Sheehan, 1992) suggests
that "interactive multimedia does not guarantee learning anymore than the presence of a
library on a campus or in a school guarantees learning"” (p. 21). Reeves calls for a return
to pedagogy and design which will support learners' interaction with multimedia. Basic
questions still remain, for example, how does this type of media create the attention and
motivation necessary for retention and comprehension?

Reservations about this technology abound. Some think it possible that learners
will have such a trail-rich environment that it is dysfunctional to the learning process,
leaving the user disorientated (Conklin, 1987). He states that a good navigational system
must tell where the users are located and how to get where they want to go. He also
suggests that it may be difficult to carry the mental load required to create, name, and
keep track of links or trails. Heller (1990) adds that flagging commitment and
unmotivated rambling may result. The enthusiasm about multimedia carries some risk.
Bosco (1989) warns that multimedia can easily be used in trivial or ineffective ways, and
it is too easy to get wrapped up in the technology as a thing unto itself. The penalty for
this enthusiasm could involve a number of undesirable impacts. First, it could lead to
undelivered promises. Second, it could cause a failure to take a critical look at
technology. For example, does multimedia have, or will it have, the ability to affect the
learning process in a positive way? If multimedia advocates are right, then typical
questions remain. For example, what.types.of learners will best profit from multimedia,
and under what circumstances?

Why haven't schools taken to multimedia faster? Many reasons exist. Costs may

dissuade schools from using multimedia. Time is one cost. For all the advances in



software, it still takes a considerable amount of time to become adept in using
development packages. In addition, few people have the combination of skills required
to develop excellent (or even average) multimedia packages. Lack of funds has to rank
high on the list of reasons as well. Typically, a multimedia system requires two monitors,
special interface cards, and an assortment of cables, players, and software. Until the costs
of systems fall, and system requirements narrow to one standard unit, many schools may
stay on the sidelines. Other extremely important issues are consideration of the learning
environment, the types of students, and the situations that would benefit from

multimedia.

Multimedia in Action

Despite the cautions raised above, there are many bright spots in multimedia. One
of the early examples of multimedia design is the Palanque project. This prototype,
developed jointly by the Bank Street College of Education and the David Sarnoff
Research Center (Wilson, 1990), takes a multidisciplinary approach toward discovery-
based learning experiences. Its aim is to evoke student subject matter curiosity while
being fun and easy to use for 8 to 14 year-old students. One unique aspect of Palanque is
the surrogate travel feature which allows the student to tour an ancient Mayan site in
Mexico. Capabilities include the ability to climb in and around the temple, zoom in for
close looks, listen to an archaeologist, or hear sounds of the local rain forest. Students
can create a scrapbook of pictures from the site. These provide students the ability to put
together subject matter presentations.

How could multimedia work in the classroom?. .A middle school student might
be interested in the Apollo project and the first lunar landing. Using optical disc libraries,
the student can learn about early winged-aircraft research, then shift to the ballistic

missile program the United States started after Sputnik. The student could view laser disc



video segments of space firsts — to include lunar landing sequences, then read and
capture CD-ROM accounts about the space program. Next, the student could make a
multimedia link to related stories about subsequent development of the shuttle program.
Audio segments from various Presidents could also be integrated into a personalized
package that the student could present to the whole class. A slightly different twist to this
scenario could involve a collaborative group of students, working together to capitalize
on different points of view and levels of subject matter expertise.

Multimedia is making inroads into training in the business setting. One major
insurance company reports instituting a company-wide training program using various
video disc based programs (Curtis, 1990). One advantage of video disc programs for a
national firm is that industry-specific training may be developed for a heterogeneous
population distributed over a large geographic area. Another benefit provides consistent
training any time an agent wants to use the material. The company reports that training
takes 30% less time and has contributed significantly to employee retention. It also
reports sales increases for first-year agents and a significant reduction in training costs.

Are times changing? As of this writing, at least two states (Texas and California)
have adopted curricula materials based on multimedia (A First, 1991). This has come
about in part because newer hardware and software are both more powerful and less
expensive. The features it provides may encourage teachers to devote some effort to
becoming proficient in its usage. Another favorable aspect is that there are now hundreds
of educational laser discs and CD-ROMs available and more on the way. A teacher can
take advantage of the myriad of commercial and public domain programs in existence.

There will arise many situations in which a group of students clusters around a
workstation in pursuit of some learning objective. Most of the questions posed above
remain, but now research concerning cooperative learning and its usage in a multimedia

environment comes into play. This raises questions about whether to change the schools’



structure from its traditional "one teacher and many students" orientation? A new model
pictures the teacher as more a mentor, guide, or fellow traveler in the realm of
multimedia. If multimedia and cooperative learning provide positive results, won't there
be a significant resistance to change — especially from the established order?

Authority figures, the teachers, may feel some unease about their role in this.
Will there be a loss of identity if the teacher is not viewed as the subject matter expert?
What about the noise and confusion sometimes found in cooperative learning with
technology? Isn’t this anathema to good order and discipline? For some time teachers
have charged that they are merely the delivery person of prepackaged curricula and that
they don’t have ownership over the topic or the content of their instruction (Wolk, 1991).

Do students learn more effectively or efficiently in a multimedia environment?
The jury is still out (Schulz, 1991). We can quote books-full of testimony about the
efficacy of multimedia in the classroom, but we can also quote those who either are
undecided, or worse yet, state that multimedia does not enhance the learning brocess.
Much research remains to be completed regarding multimedia in education.

What remains to be done? The comments from Reeves (cited in Sheehan, 1992)
above provide some guidance. One of the answers is to provide excellent multimedia
products, designed and developed to meet users' needs. The next chapter outlines

considerations for student metacognition and navigation of hypermedia data bases.



Chapter 2

Design Issues

Hypermedia offers a rich environment for exploring a subject area. Users have
opportunities to link information nodes in non-sequential sequences (Conklin, 1987).
Along with the capabilities, designers must contend with a myriad of usability issues.
For example, users have been known to experience cognitive overload, or explore only
the surface of the data base (Conklin, 1987). Two design features are introduced as
possible assistance, especially for novices or young users, in overcoming problems in use
and navigation. The first concerns the embedding of strategies in the data base to get
learners to think about their own learning and problem-solving processes. The second
explores the use of iconic agents to assist with navigation.

Pilot Study

One way of enhancing success of new technology is to optimize the human-
computer interface. The interface can be described as the means by which computers and
users communicate. With a usable interface, learners can concentrate on the task at hand
instead of contending with a plethora of semantic and/or syntactic system
inarticulateness. A pilot study (Myers, 1991) provides insight to problems faced by
learners using hypermedia.

Participants in this pilot study were using the popular educational and
entertainment software, Where in the World is Carmen SanDiego. Educational benefits
of this game include learning note taking, planning, solving problems, using external
resources, and learning about the characteristics of other countries (Myers, 1991). The
object of the game is to catch an international crook. Players (usually between the ages
of 8 to 11) are told by the program about the theft of some priceless object somewhere in

the world. For example, players could be told that a painting had been stolen from the



Louvre in Paris. Graphics displayed by the program would show such things as the Eiffel
Tower; information about Paris or France would be presented. Players are then given a
time limit to catch the crook and the chase is on! The crook always leads the young
detectives to four or five countries before game resolution. Players cannot anticipate
destinations of the crook; the software creates the game and destinations at random.

Players are shown possible flights out of the original city (the crook will have
gone to one of these destinations). Players are also given clues about the crook and about
the crook’s city of destination. The object of the game is to properly follow the crook in
order to make an apprehension. Now how does all of this relate to hypermedia?

Like hypermedia, the Carmen game has potential pitfalls. The user in the Carmen
game could make many jumps, then become disoriented or lost. Where in the world, for
example, are Kathmandu, Port Moresby, Moroni, or Kilgali. Is the crook really at one of
these exotic places or somewhere else? Not only could the player become disoriented,
but after two or three hops, the player's seven plus or minus two short-term memory slots
(Miller, 1956) could easily be overloaded. After letting the crook get away several times,
the participants in this particular study changed their strategy. They took more notes and
used the World Almanac to assist in gathering information. A modicum of success
followed their new methods. Could the program have been designed in such a way that
users did not have to suffer initial failure? Perhaps failures experienced in a game are
acceptable, but in an environment specifically designed for learning, failure may
dissuade learners from further participation, especially for those low in self-esteem or
domain knowledge.

Designing the Interface

How do we design the hypermedia "interface.” An interface consists of those

visual and audio cues that allow us to use the system. Menus, beeps, maps, buttons, and

icons are some of the items that make up an interface. While an increasing amount of



attention is being paid to construction of the user interface, much of the past research has
offered only heuristics about design. One will commonly find such statements as: use
white space, avoid scrolling, and maintain consistency. Perhaps more germane are
questions posed by Meyrowitz (1988): what is the best way to organize links, symbolize
links, or visually represent the network of links?

Discussion of representing links may evoke images of menus and other forms of
navigation. Learners range from first-time users who are unfamiliar with the system, as
well as the content, to those who have used the system frequently. Navigational options
may have to change based on users' experience level. Another issue is the number of
trails available to the user. Conklin (1987) cites a trail-rich environment as a potential
place for cognitive overload. He states that a good navigational system must tell learners
where they are located, and how to get to the desired place.

Suggestions for interface means to assist educational learners follow. The first
concerns learners' awareness of their own knowledge and ability to understand, control,
and manipulate individual cognitive processes. This awareness is generally referred to as
"metacognition" (Brown, Bransford, Ferrara, & Campione, 1983; Flavell, 1979; Flavell &
Wellman, 1977; Reeve & Brown, 1984). The second means suggested for learners is that
of prompts and cues in the form of agents. These provide learners assistance in

navigation as well as metacognitive skills.

Metacognition

Hawkins and Pea (1987) suggest that learners must recognize the profitability of
spending effort in learning new thinking strategies.. A profitable area to begin would be
to assist learners in "knowing about knowing." Jacobs and Paris (1987) list three reasons
for the importance of metacognition: (1) self-learning strategies require active

participation on the learner's part, (2) interviews with students show that they knew very
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little about self-analysis and inquiry techniques, and (3) metacognition offers alternatives
to traditional instruction. In line with emphasis on metacognitive skills in this chapter,
Costa (1991a) suggests evaluation must become internal for students; we must remind
ourselves that the ultimate purpose of evaluation is to have students become self
evaluating.

Garner and Alexander (1989) cite research which shows that metacognition
develops with age and experience. They also discuss ways to enhance "cognitive
strategies (used to make cognitive progress) and metacognitive strategies (used to gauge
cognitive progress)" (p. 145). The authors suggest that learners who are low in domain
knowledge can use general strategies to compensate. They also submit that cognitive
strategies and metacognition can be enhanced with instruction. The notion of training
these skills is important. Many students have a mistaken belief that their failures are due
to innate characteristics and that their intelligence is fixed (Greeno, 1989). Garner and
Alexander (1989) state: "Without high esteem, an internal locus of control, and the
tendency to attribute success to effort, students are unlikely to invoke complex cognitive
and metacognitive routines to improve learning"” (p. 146). Fortunately, the authors cite
researchers who show that students who believe they are low in ability can be redirected
to believing that more effort will result in success. Given more appropriate strategies,
these students "initiate and persist at strategic activity...they understand, remember,
study...more effectively” (p. 152).

Osman and Hannafin (1992) cite research which suggests that metacognition is
integral to successful learning, but current instructional design (ID) models fail to address
this important issue.--Just as importantly, Brown.and Palincsar (1982) say that learners
fail to generalize metacognitive skills without instruction as to when and why to use

them.
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Metacognition has been roughly described as knowledge about cognition and
cognitive phenomena (Flavell, 1992). Hedberg, Harper, & Brown (1993) describe it as
"...about knowledge, skills, judgments of task difficulty and effort, beliefs about ability,
worth of strategies, use of failure and purpose for performing tasks" (p. 3). Flavell (1992)
discusses several components of metacognition. The first is "metamemory" which is
defined as learners' knowledge of the self and others as learners and rememberers,
knowledge about the memory tasks people perform, and knowledge of the strategies used
to perform these tasks. Osman and Hannafin (1992) cite research which supports a
relationship between metamemory and successful performance. They contend that
learners will use a strategy when they are given detailed information about how and when
to use it. The goal, say Osman and Hannafin is to assist learners in automatizing
metamemory skills.

The second component of metacognition is "metacomprehension.” It is defined as
a conscious process of knowing about comprehending and knowing how to comprehend.
The third is "self-regulation”, defined as fine-tuning by learners in response to, or in the
absence of feedback. The fourth, "schema training", facilitates comprehension by
providing required background knowledge structures (Hannafin & Rieber, 1989). And
last, "transfer” facilitates the learners' use of metacognitive strategies in similar
circumstances (near transfer) and dissimilar circumstances (far transfer).

Self-attribution theory plays an important role in metacognition. Those learners
with high self esteem and self-efficacy are more likely to believe in using strategic
measures for application in complex situations (Hedberg, Harper, & Brown, 1993). To
foster learning,-transfer, and ultimate automatizing of metacognitive strategies, Osman
and Hannifin (1992) suggest designers must either embed metacomprehension strategies
within lessons to reduce cognitive load, or provide an opportunity for the learner to learn

and practice skills in other subject matter domains. They provide guidance for design of
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strategies within instruction. Strategies may be detached or embedded in the lesson.

They can also be content-dependent or content-independent (See Table 2-1).

Table 2-1
Classification Matrix for Metacognitive Training Strategies (Osman and Hannafin,
1992, p. 91)

Training Rf’lmlonsmp_mmtu—

Embedded (E) ECDS are specmhzed, task specnﬁc ECIS are general learning strategxes
strategies applicable to particular incorporated within available content to
content. They are design-centered be learned. These strategies support
strategies that emphasize near local learning but emphasize strategy
transfer. transfer as well.

Detached (D) DCDS are general leamning strategies DCIS are generalizable strategies that
that are taught separately but sub- have applications across learning tasks
sequentially applied within particu- Both learning content and contexts are
lar contexts. DCDS usually promote varied. Lesson content role during train-
somewhat more transfer than ECDS, ing mainly to provide representative
but the goal is typically to support range of application. The emphasis is on
a particular lesson. far transfer.

Osman and Hannafin provide additional implications for instructional design:
» Metacognitive strategies should not compete for task-essential cognitive resources.
* Younger learners and novices require more explicit strategies. Higher-order
strategies are appropriate for older learners and those well versed in a domain.

If embedded strategies are used, but transfer is needed, identify procedures, then

explicitly implement them.

If high-road transfer (transfer to a different situation, content area, or domain) is

desired, emphasize connections within and beyond lesson information.

Supply prompts to aid learners in monitoring the depth at which they are

processing instruction.

]

Encourage interaction between learners.

Be careful that the learners don't come to rely solely on the embedded prompts so

that transfer can be made to situations outside the lesson (pp. 94-96).
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Guides

As mentioned previously, potential hazards abound in an extensive data base
(Conklin, 1987; Halasz, 1988). A primary concern is that navigation after a short period
of successive jumps may disorient learners. A second problem is that potential
expansiveness of a data base may cost so much in cognitive ability that users have little
left for mastering the content at hand. To assist the novice or low-domain learner, the
interface can provide useful assistance in answering: "what should I look at next", or
"what's my best choice?"

Laurel (1990) recommends use of an agent, defined as a character who acts on
behalf of the learner. Laurel, Oren, and Don (1990) found that "the use of interface
agents reduces the cognitive load for users" (p. 136). While Laurel cautions that learners
who do not need a guide, should not have to use one, it may be prudent to expect that
most seventh graders (the participants in this study) new to a historical data base will
need guides or agents. Table 2-2 lists likely tasks of agents:

Table 2-2:Agent Tasks (Laurel, 1990, p. 360).

Work
Navigation and Browsing Reminding
Information Retrieval Programming
Sorting and Organizing Scheduling
Filtering Advising
Learning Entertainment
Coaching Playing against
Tutoring Playing with
Providing Help Performing

Laurel says the agent must have three characteristics. First, it must be
responsive — quickly fulfilling its role of a social contract. Second, it must be competent
in knowing about information content as well as retrieving that information. Last, it must

be accessible. This means users must be able to predict what the agent is likely to do.
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Laurel suggests that because learners have internalized dramatic conventions, even a one
dimensional character can be believable.

Oren, Salomon, Kreitman, & Don (1990) discussed implementation of guides
(agents) within a historical data base. Guides they used provided learners with a list of
"choices" (most likely next moves or selections), the first of which was the default.
Guided tours were also provided by Oren et al., but these apparently were not used by
learners — much to the chagrin of the developers. Of more use were animated maps
which provided a means of showing historical changes in an animated, graphical manner.

How should agents or guides be implemented? Laurel, Oren, and Don (1990)
discuss a model that uses agents represented by timelines, animated maps, an article
index, tours, and guides. Their guides were portrayed as graphic images with text, as
iconic images, and as a video character.

A good example of the use of the above recommendations about agents can be
found in The Civil War Interactive Project (Fontana, White & Cates, 1993). Their
project uses the multimedia data base from the documentary, The Civil War. Of
importance to this discussion, this development uses an anthropomorphic coach to model

inquiry skills, cooperative learning, and assistance in problem-solving.

Summary

Two design issues have been presented. The first is to incorporate metacognitive
strategies to assis learners. The specific strategies will be presented in the next chapter.
Briefly, the strategies will be designed to provide users with advice about solving
problems and a format for evaluating the process. . The second design issue is the use of
agents to assist users in such tasks as navigation. The agents' purpose is to provide

novices and young users with choices in making associative links within the hypermedia

data base.



Chapter 3
Higher-Order Thinking and
Structured Inquiry

Educators share a common interest in promoting higher level thinking and
conceptual understanding in students. This is a timely interest as various
national and international assessments point to the fact that our students
lack the knowledge and reasoning skills necessary for effective
functioning in the Information Age. These tests show, for example, that
only a small percentage of our high school graduates are capable of
complex, multi-step reasoning in mathematics ( Dossey, Mullis, Lindquist,
& Chambers, 1991) or can function at an advanced level in reading, which
involves being able to extract ideas from complex pieces of writing
(Mullis & Jenkins, 1991). It is not surprising, then, that our students lag
far behind those in other countries on items measuring complex thinking
in all curriculum areas (Prawat, 1991, p. 3).

How do we get students to solve problems, think critically and creatively, make
inferences, plan, hypothesize, generate independent solutions, and/or make decisions?
These processes may need supporting activities such as "...defining situations, setting
goals, formulating plans, comparing alternative courses of action, judging difficulty,
apportioning time, and monitoring results” (Prawat, 1991, p. 4). Quellamalz (1991)
provides a list of activities for students engaged in purposeful, extended lines of thought:

« Identify the task or problem type.

 Define and clarify essential elements and terms.

* Judge and connect relevant information.

« Evaluate the adequacy of information and procedures for drawing

conclusions and/or solving problems. (p. 339)

A recurring issue is how we teach learners these skills. There is a wealth of
literature on these questions, but the answer appears to be that we teach them (Ennis,
1987; McTighe & Schollenberger, 1991; Resnick, 1987; Sternberg, 1984). Perkins

(1986) suggests that we try to teach too much content to the neglect of those tactics
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needed to become better thinkers. In fact, Perkins avers that good thinking is an
unnatural act. It is unnatural, he suggests, because, if left alone, human thinking tends to
manifest the following three weaknesses:

1. Biased versus evenhanded reasoning: People take egocentric approaches to
issues that fail to explore the "other side" of the issue, thus incorporating biases into their
thinking.

2. Problem-solving versus problem finding: Learners tend to suggest solutions to
a situation before adequately determining the nature of the problem.

3. Knowledge as information versus knowledge as invention: Learners treat
abstract knowledge as information. For example, students may view Columbus's
discovery (or re-discovery) of the new world as information instead of looking at the
historical context in which his voyages took place. Learners might consider, for example,
social, political, and economic conditions that led to a need to explore new routes to the
East.

Perkins recommends using "thinking frames™ as a guide to redirecting thinking
into better patterns. A thinking frame is defined as "...a representation intended to guide
the process of thought, supporting, organizing, and catalyzing that process" (p. 7). The
frames are divided into two types: (1) those that relate to thinking processes such as self-
questioning, using headings to guide readings, and mapping key relationships, and (2)
those that relate to its products. The latter is a form of "critical thinking" that gives
students means of evaluating their own ideas (Woolfolk, 1993). Perkins lists three major
themes in developing thinking frames: acquisition, internalization, and transfer.
Acquisition may be enhanced by-directly teaching the frames to learners. Internalization
comes with practice. Perkins recommends starting slowly, practicing, and avoiding the
tendency to escalate complexity too soon. These suggestions help avoid overloading

short-term memory. He also suggests using reminders or memory supports to get
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students to use new techniques. (This suggestion falls in line with use of embedded
metacognitive guidance and agent support as discussed in the previous chapter.) Transfer
may be enhanced by requiring students to use these skills in other contexts.

Prawat (1991) says that the most prominent technique of teaching thinking skills
is to embed skills into the curriculum — or within the context of specific subject matter
domains. This method blends an equal balance of thinking skills and subject matter. The
importance of this is that learning and thinking are thought to result from an interaction
between a learner and a situation rather than something occurring in a person's mind
(Greeno, 1989).

Another useful way of creating a context for learning is through "situated
cognition” (Brown, Collins & Duguid, 1989; Greeno, 1989). Brown, Collins, and Dugid
contend that students need more than abstract concepts and canned examples. They
suggest that learning should be conducted in activity situated in real-life social, cultural,
and physical contexts. Research conducted by the Cognition and Technology Group at
Vanderbilt (CTGV, 1990) is a good example of the use of media (videodisc) to "situate”
or "anchor” students within a learning environment.

CTGYV submits that new information learned during meaningful activity is
perceived as a tool rather than as inert information (information students have learned but
will be unable to apply in appropriate situations). They attempt to attack the inert
information problem with multimedia environments supportive of sustained exploration.
According to them, this sustained exploration allows multiple perspectives and permits
opportunities for teacher-guided discovery. Their problem-solving macrocontexts help
students develop tools that form new, as well as modify old perceptions. This is in

contrast to traditional instruction that emphasizes mere facts to be memorized.
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Cooperative Learning

Students using this prototype worked in cooperative groups of six students.
Johnson & Johnson's (1991) article suggests: "The interpersonal exchange within
cooperative learning groups, and especialiy the intellectual challenge resulting from
conflict among ideas and conclusions (i.e. controversy), promotes critical thinking,
higher-level reasoning, and metacognitive thought" (p. 298). Johnson and Johnson
(1985) link cooperative groups to technology: "Cooperative learning with computers
(compared with competing with others or working independently at the computer)
promotes more and better work, more successful problem-solving, and higher
performance on factual recognition, application and problem-solving tasks" (pp. 12-13).
Johnson and Johnson suggest these results occur, especially in heterogeneous groups,
because of the exchange of diverse perspectives and ideas. Students can monitor each
other's ideas and provide feedback about their reasoning. Piaget (cited in Chapman,
1988) would offer that joint activities can lead to construction of new knowledge that
participants did not possess before. "In this sense”, says Chapman, "inquiry can be

considered a form of intersubjective equilibration with 'optimizing' possibilities" (p. 53).

Increased Teacher-Student Interaction

Sivin-Kachala (1993) discusses introducing technology into learning
environments to facilitate student-centered and cooperative learning, and to stimulate
increased teacher-student interaction. The theme of increased teacher-student interaction
is important. Many researchers subscribe to the theory that learners actively construct
their own knowledge structures._Newman, Griffin, and Cole (1989), in their book The
construction zone: Working for cognitive change in school, agree with the concept of
knowledge construction. The emphasis they suggest, however, that cognitive change

occurs as a result of individuals' interaction in a social environment. They argue that
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inclusion of the social environment is a necessity for cognitive change. This theory is an
outgrowth of Vygotsky's (Cited in Newman, Griffin, & Cole, 1989) theory of the zone of
proximal development (ZPD). The ZPD is defined as: "The difference between the level
of problem difficulty that the child could engage in independently and the level that could
be accomplished with adult help. Cognitive change takes place within this zone, where
the zone is considered in terms of the support structure created by the other people and
cultural tools in the setting” (p. 61).

Central to the ZPD is the concept of "appropriation."! During a classroom
scenario the teacher has some idea of where students are going. Students may or may not
know where they are headed, but know there is a "functional system"( e.g., teacher,
technology, other students, and additional resources), that is going to take them
"somewhere else.” Students would not use such an esoteric term as "functional system"
of course. They are accustomed to the boundaries of the classroom environment and the
role the teacher-student interaction will play in providing for cognitive change. The
teacher-student interaction is actually a two-way exchange. The teacher finds "where the
students are” in a particular domain through dynamic assessment, then facilitates getting
students to "somewhere else." Students "get there", for example, by "appropriating”
experts' skills and knowledge brought to the environment. In short, there is a negotiation
between what students bring to learning situations and what the teacher has in mind. As
the teacher evaluates the current state of knowledge or understanding, s/he, modifies or
alters instruction to bring students closer to the intended state of understanding. A typical
sequence might consist of these steps: (1) students engage in purposeful action toward a
"new set of understandings”; - (2).the teacher withdraws to the edge of the children's entry

level (this is the lower level of the ZPD); (3) when the teacher determines "where

1 Similar to Piaget's concept of accommodation.
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students are" within this particular domain, s/he then begins to make use of those things
in the functional system to provide expert assistance; and (5) the teacher slowly
withdraws support as students come closer to the desired set of understandings. Although
this is analogous to scaffolding, modeling and fading, it is a two-way process or
interaction (Garrison, 1993). One unique aspect of this approach is that learning does
not have to be hierarchical in nature; students do not have to enter the learning
environment with all of the prerequisites skills, knowledges or understandings. Through
the technique of "bootstrapping”, the teacher and children could be interacting in the
mastering of several tasks at all levels of the cognitive domain.

What is the role of technology and especially that of the computer? Newman, et
al. suggest that it will be most effective as a tool, or variable within the functional system
that contributes to the ZPD. In this study it was not envisioned that the participants
would be computer literate — certainly not literate in using the hypermedia data base
provided them. The students did not know how we expected them to use this data base,
but we expected their knowledge about this tool to be transformed through appropriation.
The computer would then become, in the context of Newman, Griffin, and Cole (1989), a

culturally elaborated tool available for future usage.

Inquiry-based Model
As discussed above, we want students to solve problems, think critically and
creatively, make inferences, plan, hypothesize, generate independent solutions, and/or
make decisions. These goals are ambitious — especially for students who have had little
or no introduction to goals of this kind. The benefits of resolving a problem are manyj;
here is a quote from Dewey (1933) that succinctly addresses some of these benefits:
The two limits of every unit of thinking are a perplexed, troubled, or

confused situation at the beginning and a cleared-up, unified, resolved
situation at the close. The first of these situations may be called pre-
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reflective. It sets the problem to be solved; out of it grows the question

that reflection has to answer. In the final situation the doubt has been

dispelled; the situation is post-reflective; there results a direct experience

of mastery, satisfaction, enjoyment. Here, then, are the limits within

which reflection falls (pp. 116).

The discussion in Chapter II established the basis for using embedded
instructions to teach critical thinking skills. These skills will be developed as the students
solve problems in an inquiry-based context. An observation from Wolf (1991) about how
we traditionally assess the learner's knowledge sheds light on why an inquiry approach
was chosen:

The "surprise" nature of many test items, the emphasis on objective

knowledge, the once-over and one-time nature of most exams — all offer

students lessons that are destructive to their capacity to thoughtfully judge

their own work: (1) assessment comes from without, it is not a personal

responsibility; (2) what matters is not the full range of your intuitions and

knowledge, but your performance of the slice of skills that appear on your

tests; (3) first-draft work is good enough; and (4) achievement matters to

the exclusion of development. (p. 351)

Students need to learn to evaluate their own work and develop in reflective
abilities and knowledge. Learners construct their own knowledge structures; inquiry is a
method that facilitates this process. Prawat (1991) and Brown, Collins, & Duguid (1989)
state that unless students "work" with new knowledge, it just lies there, or remains inert.
The former was arguing for the immersion approach to the development of thinking in
which students' perceptive processes come to grips with "ideas.” The latter were arguing
for learners to learn in situated, real-world contexts. Both make the point that learners
must wrestle with information in a meaningful fashion, else accommodation will not
occur. Costa (1991b) suggests that learners must process and apply data, using "
significant skills in reflective thinking and go beyond the input-recall state, into higher
levels of thinking" (pp. 302-303). Costa cites Bruner (1961) and lists two potential

benefits of inquiry learning: (1) "an increase in learner motivation due to the intrinsic

rewards of discovery, and (2) an increase in intellectual potency and development of aids
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to memory by helping learners organize material according to their interests and cognitive
structures” (p. 303). Costa also cites Goldman (1968) who suggests that a main benefit
of inquiry approaches is that they teach learners how to learn (a common theme
throughout this document).
Equilibration

Before discussing examples of the inquiry model and events that facilitate their
use, more groundwork is warranted. The first, and perhaps one of the most important
theories in this document, is Piaget's theory of equilibration (cited in Chapman, 1988).
Equilibration is defined as a search for a mental balance between the individual's
cognitive schemes and information from the environment (Woolfolk, 1993). Chapman
(1988) interprets Piaget to suggest that the drive for equilibration is manifested in an
attempt to compensate for "perturbations.” A perturbation could exist in the form of
contradictions or lacunae (gaps in knowledge). Perturbations, according to Chapman
(1988), result when subjects realize their knowledge is insufficient to reach a goal. Given
Piaget's concepts of gquilibration as a learner's goal, and in knowl asa
perturbation, it is appropriate to introduce Festinger's work on cognitive dissonance.
Cognitive Dissonance

Festinger (1957) also averred that individuals strive for internal consistency.
When learners experience inconsistencies, psychological discomfort results. Festinger's
theory provides us with two elements: (1) "The existence of dissonance [inconsistency],
being psychologically uncomfortable, will motivate the person to try to reduce the
dissonance and achieve consonance [consistency]" (p. 3), and (2) "When dissonance is
present, in addition to trying to reduce it, the person will actively avoid situations and
information which would likely increase the dissonance" (p. 3). Festinger defined the
term "cognitive" as any knowledge, opinion, or belief about the environment or oneself.

Most importantly, Festinger saw cognitive dissonance as an antecedent condition which
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lead to activity toward dissonance reduction. Central to this argument is that introduction
of new information may create cognitive elements that are dissonant with existing
cognition. The final element in this line of thought is that dissonance gives rise to
pressure for dissonance reduction; the strength of the pressure to reduce the dissonance
would be a function of the magnitude of the existing dissonance. All that is needed is a
means by which dissonance is created in learners.

Discrepant Events Within Inquiry

A current multimedia effort using an inquiry-based approach to affect students'
higher-order thinking skills is that of Fontana, White and Cates (1992). The latter are
attempting to present a design heuristic that will help learners master higher-order
thinking skills through structured inquiry. Bruce and Bruce (1992) offer a similar model
for inquiry within social studies. They want students to think logically, to develop
philosophical and imagination skills, and discover lost curiosity. While both models are
inquiry-based, that of Bruce and Bruce is structured purposely to ignite a spark
(analogous to the dissonance cited above) that makes students "want to know."

The spark is created with presentation of a puzzling situation or event. Nussbaum
and Novick (1982) state that in order for accommodation of a new concept to occur,
students must first recognize a problem as well as their inability to solve it. Students’
inability is brought about by presentation of a "discrepant event." A discrepant event is
simply an inexplicable condition, statement or situation. The discrepant event creates a
state of disequilibrium (or cognitive dissonance as discussed above). The key in
Nussbaum and Novick's argument is that once students are in a state of disequilibrium,
they are motivated by "epistemic curiosity" (Berlyne, 1965) to reduce the disequilibrium.
Nussbaum and Novick (1982) suggest that traditional instruction seldom provides for

students to experience cognitive conflict.
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Bruce and Bruce (1992) suggest that logic-defying problems often make us feel
disequilibrium. Motivation from the disequilibrium causes questioning, snooping, and
searching to reduce uncertainty and re-enter a state of equilibrium. The Bruce and Bruce
structured model takes learners through five phases:

(1) Discrepant event. Students read or are presented a discrepant event. From it,
they generate a problem question. Discrepant events, or situations like them have
received frequent attention in the social sciences. Costa (1991b) states that the inquiry
method purposely creates situations to extend reflective thinking. Massialas, Sprague, &
Hurst (1975) offer several devices to get students' attention and involvement. Their
suggestion is to use "springboards." Springboards can take such forms as documents,
magazine articles, graphs, and visual media. They cite a multimedia unit entitled World
History Through Inquiry that draws from several disciplines to get students to examine
and discuss issues. Massialas et al. also suggest using "puzzling documents"” that lack
critical facts and conclusions or include discrepancies.

(2) Generate questions. Students create a series of questions that can be
answered with a "yes or no" response. Making them create a yes or no question causes
students to organize their thoughts. This way the learners are probing for specific
information instead of general, subsuming types of questions.

(3) Students gather data to answer questions about important variables and ask
hypothetical and causal questions.

(4) Students analyze their information to reach a hypothesis.

(5) Last, in a metacognitive mode, students review the entire process.







































