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ABSTRACT

Evaluation is the key to effective interface design. It becomes even more important when the
interfaces are for cutting edge technology, in application areas that are new and with little prior
design knowledge. Knowing how to evaluate new interfaces can decrease development effort and
increase the returns on resources spent on formative evaluation. The problem is that there are few,
if any, readily available evaluation tools for these new interfaces.

This work focuses on the creation and testing of a new set of heuristics that are tailored to the
large screen information exhibit (LSIE) system class. This new set is created through a structured
process that relies upon critical parameters associated with the notification systems design space.
By inspecting example systems, performing claims analysis, categorizing claims, extracting design
knowledge, and finally synthesizing heuristics; we have created a usable set of heuristics that is
better equipped for supporting formative evaluation.

Contributions of this work include: a structured heuristic creation process based on critical
parameters, a new set of heuristics tailored to the LSIE system class, reusable design knowledge in
the form of claims and high level design issues, and a new usability evaluation method comparison
test. These contributions result from the creation of the heuristics and two studies that illustrate the
usability and utility of the new heuristics.
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Chapter 1

Introduction

1.1 Problem Description

Suppose you were asked to design and evaluate a new electronic poster that is to display important
news, information, and upcoming activities within your local workplace. How would you go about
starting your design, and furthermore, how would you assess how well it performs? Traditional
approaches involve talking with potential end users to determine requirements, developing initial
prototypes, performing formative evaluation of the prototypes, redesigning and developing a full
system, performing summative evaluation of the system, and finally, deploying the product.

This process usually works well with multiple iterations in the earlier phases. However, given
the constraints of this particular system, evaluation is a difficult problem. Setting up a prototype
and having users work with the system is difficult due to the nature of the display. It is designed to
allow the users to determine when they want to see the information, while simultaneously providing
important information and updates. One would need to set up an environment that modeled the
user’s typical work style, present the user with the system, then try to assess how well he/she
completes both the primary tasks as well as the tasks associated with the new system. Set-up and
execution of this type of test is often too costly. Other methods of evaluation could rely upon
expert analysis of the system, but existing evaluation tools do not readily apply to this type of
system. Extensive effort would be necessary to modify pre-existing tools before they could be
applied to this new situation. What we need is an evaluation tool that is applicable to the type of
system that we are creating.

But, how would be go about creating an evaluation tool that applies to this type of system?
Would we want to create a tool dedicated to this single system or would a more generic, system-
class level tool be a better investment of our time? Evidence from preliminary work suggests that
system-class level evaluation tools hold the most promise for long-term performance benchmark-
ing and system comparison, over more generic tools or even tools tailored for an individual system
[85, 56, 5]. A system class level tool is situated more towards the specific side of the general-
ity/specificity scale; yet, it is still generic enough to apply to many different systems within a class.
So, again, how would we go about creating a new tool for this type of system? The key to success-
ful evaluation tool creation is focusing on the user goals associated with the target system class.
This requires an understanding of the system class, in terms of these critical user goals. Basically,
if given a set of attributes that accurately capture the user goals associated with a system class, one
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could more readily create new evaluation tools for that class of system, based on those attributes.
This work investigates the creation and testing of new analytic evaluation tools based on the notion
of critical parameters.

1.2 Terminology

To understand the purpose and need for this work, we must understand some terminology. This
work is focused orusability evaluation methodé&JEMs), and more specificallyeuristic evalu-

ation methods. UEMSs are tools or techniques used by usability engineers to discover problems
in the design of software systems, typically measuring performance against some usability metric
(ease of use, learnability, etc). Heuristic evaluation is a specific type of UEM in which expert us-
ability professionals inspect a system according to a set of guidelines. This method is analytic in
nature because the experts review a system (through prototypes or screen-shots) and try to discover
usability issues from inspection and reflection upon the guidelines. Other UEMs can be empirical
in nature, i. e. they rely upon involving real users in situated testing for feedback on usability of
a system. However, testing systems like our example require significant modification to existing
UEMs. We need a specific tool, like heuristics, that can support formative evaluation of these
displays.

Heuristics have been used throughout the HCI community for quick, efficient usability evalu-
ation [66, 70, 69, 48, 40, 32, 56, 21]. They involve the use of guidelines, and target systems are
evaluated by experts in a walk-through type process. Actual system use is not required, only sim-
ulation or mock ups of the target system are needed to assess the usability of the system. Although
they are high-level and generic, when tailored to support the design model associated with a noti-
fication system, heuristics could provide more detailed insight into the information and interaction
design aspects of these systems. However, generic heuristics are ill-suited for new applications,
creating a gap in evaluation tool suppdktmethod for creating heuristics that focus on the key
user goals of a system class would provide developers much needed evaluation support, and
allow us to create a set of heuristics tailored to a system class.

Usability metrics allow designers and evaluators to create a system that meets the needs of the
users by focusing evaluation effort on important system functionality. These metrics are typically
described at evaluation time and exist mainly as means for measuring system performance. In this
work, we specifically build on the notion afitical parameters a set of values or attributes that
defines whether a system serves its purpose [68]. Besides being useful for guiding standard system
evaluation, like typical usability metrics, critical parameters also provide higher level utility in
system classification and categorization [62] that transcends single systems to focus more on the
underlying principles that define a system class. By focusing on the most important issues in a
system from the onset, these parameters can guide development and evaluation throughout the
design process. In our work, we use critical parameters to guide the creation of a new evaluation
tool designed to facilitate formative evaluation of specific system classissthis more robust
use of critical parameters that allows us to create new heuristics targeted to the key user
goals associated with a particular system.

The example system described earlier can be classified as a large screen information exhibit.
Software applications that run on the large screens to provide interesting or useful information,
during times when the large screen is not being used for presentations or meetings, are examples
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of large screen information exhibits. It is this usage of these systems that is interesting to this
research. We are interested in large screen interfaces because institutions are purchasing displays
for the purpose of providing easily updatable information, yet software systems to support this
need are lackingProviding evaluation support can help developers create effective systems.

These systems will be referred tolasge screen information exhibiter LSIEsfor the remainder

of this work (see Section 2.3 for more on LSIES).

Large screen information exhibits fall into a category of interfaces knowrotaBcation sys-
tems Notification systems are interfaces which provide interesting or important information to
users who are busy with other tasks [61, 62]. Familiar examples of notification systems include
stock tickers, email biffs, system load monitors, and clocks. Other examples, perhaps not labeled
by their creators as notification systems, include vehicle dashboard instruments, handhelds or cell
phones with alerting mechanisms, and sometimes even fans and lamps¢@fi¢ation systems
are seeing rapid acceptance and as more and more people are willing to sacrifice attention
for secondary information display, evaluation methods that ensure good design become in-
creasingly important. More on notification systems can be found in Section 2.1.

The defining characteristic of notification systems is that they are used in so dadéthsk
situations. Dual task situations are those in which a user is engaged in two or more tasks simulta-
neously. Consider the college professor who watches for new email while writing a proposal as an
example. A small icon appears in the system tray whenever she receives a new email. She can then
decide whether or not to open her email client or continue working on the proposal. The main work
this professor is trying to accomplish is the writing of a proposal. We call thignaary task The
secondary taskn this example is watching for new email. The dual-task paradigm is important
when discussing notification systems because without a dual-task situation, we no longer consider
notification system goalsit is this dual-task nature of notification systems that necessitates
development of new testing techniques.

Use of notification systems is increasing, and as people are more willing to attempt to multi-
task and use these systems, effective and efficient design will become increasingly important. But,
tools to support the design and evaluation are lacking. Determining the most effective and effi-
cient evaluation methods for specific interfaces has been pursued for years. Now, as information
becomes available through newly developed interfaces for devices off the desktop, the need for de-
sign and evaluation becomes paramount in ensuring adoption and use. Missing UEMs for specific
system classes puts extra burden on developers and usability professionals because they are forced
to adapt and/or create methods tailored to their needs.

This research seeks to address this need by studying a specific type of notification system and
the most effective usability evaluation methods for analyzing systems in this class. By focusing
on LSIEs, we start filling the holes in the evaluation aspect of the emerging field of notification
systems, while simultaneously supporting the development of cutting-edge software systems [79].
Leveraging critical parameters in the creation of new evaluation tools should provide necessary
structure and focus to development effort.

1.3 Research Goals

This research deals with evaluating information design and interface usability for LSIE systems.
LSIEs show great promise when users decide to pause their current work to look at the display.
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By focusing on a single type of notification system (i.e. LSIES), exemplification of the techniques
utilized in this work is clearer. The following statement motivates and summarizes the nature of
this work.

Although new applications are being introduced as large screen display infor-
mation exhibits, there is a lack of clear methods for recognizing when a system
supports its intended goals. Critical parameters allow us to create tailored
heuristics to facilitate earlier system testing, ensure quality designs, and im-
prove design knowledge capture and reuse.

To deal with the lack of dedicated UEM materials for notification systems, this work describes
a structured, repeatable heuristic creation method that is based on the critical parameters associated
with LSIE systems. Critical parameters provide a classification scheme for different systems from
a certain class. This classification allows one to systematically analyze multiple interfaces and
extract the the underlying design tradeoffs. The following section details three phases of research
geared towards the creation of heuristics based on critical parameters.

Research Plan

To develop and test new heuristics that are tailored to LSIE systems, based on critical parameters,
three separate efforts were required. We will briefly discuss these phases here; detailed descriptions
of the work come in later chapters.

Phase 1 — Creation

This phase involves the development of heuristics for large screen information exhibits. This de-
pends on examination of five large screen systems based on the critical parameters for notification
systems (Section 2.1.2). The general process involves methods from scenario based design [77, 13]
and claims analysis [15]. Using scenarios for each system, claims are extracted and classified with
respect to the critical parameters. With claims from each of the five systems classified in the no-
tification system framework, heuristics for supporting the user goals can be developed based on
the claims analysis. A detailed description of the processes utilized in the creation of large screen
information exhibit heuristics is provided in Chapter 4.

Phase 2 — Comparison

This phase serves two purposes. The first purpose is to provide support for the heuristic set as a
viable evaluation method. The second purpose is to show that the newly created heuristic set is at
least as good as other methods for evaluating large screen information exhibits. This is necessary
for showing that the creation method produces comparably good heuristics. To do this, we per-
formed an experiment that pitted the heuristics against each other in an evaluation of three example
large screen information exhibits. The set of heuristics developed in phase 1 (found in [88] and
Chapter 4), along with Nielsen’s heuristics [70], and a set for general notification systems [9] are
the heuristics that we tested. These methods were compared using a subset of a UEM comparison
technique recently introduced by Hartson, Andre, and Williges [40]. This comparison technique
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involves calculation of each UEMS’ thoroughness, validity, effectiveness, and reliability. The data
necessary for each calculation was obtained during the evaluations. Full descriptions of the setup
and execution of this experiment are provided in Chapter 5.

Phase 3 — Application

This phase involves concentrated effort to show the utility of the newly created heuristics and pilot
test their use in real-world evaluation of large screen information exhibits. This consists of two
experiments involving the use of the heuristics in guiding evaluation, as well as expert feedback
from the international Human-Computer Interaction community. This work is necessary to show
that the creation method actually produces usable and useful heuristics. The descriptions of these
efforts are provided in Chapter 6.

1.4 Summary

This research seeks to develop a set of heuristics tailored to the LSIE system class, to support early
evaluation and ensure quality in designs. In developing this new UEM, we leverage the critical
parameters of the notification system design space, as well as SBD and claims analysis. The result
is a structured heuristic creation method that can be repeated for other system classes. In addition,
an experiment to investigate three LSIE systems with each of the three heuristic sets, comparing
them with a recent comparison technique provides evidence of the utility of the newly created
heuristics.
Contributions of this work include:

e Critical parameter based creation of system class heuristicg/e develop and use a new
heuristic creation process that leverages critical parameters from the target system class.
Researchers can now focus UEM development effort on a structured process that yields
usable heuristics.

e Heuristics tailored to the LSIE system clasd.SIE researchers and developers now have a
new tool in their arsenal of evaluation methods. These heuristics focus on the unique user
goals associated with the LSIE system class.

e LSIE system design guidancén addition to the heuristics, we produced significant num-
bers of design tradeoffs from system inspection. These claims are useful to other system
developers because the claims can be reused in disparate projects.

e UEM comparison tool Through our efforts to compare the new heuristics to other existing
alternatives, we developed a new comparison technique that relies upon expert inspection to
provide a simplified method for calculating UEM comparison metrics.

e Deeper understanding of the generality vs. specificity tradeofFinally, we also provide
more insight into the question of the level of specificity a UEM should have for a given
system. We also find support for system-class specific UEMs, as other work has indicated.
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Up to this point, a general description of the problem area, notification systems, large screen
information exhibits, and the research approach to the problem has been introduced. This introduc-
tion serves as an overview of the proposed work, to both situate the work and provide motivation.
More detailed descriptions follow in subsequent sections of this document.

The remainder of this document is organized as follows:

Chapter 2 discusses appropriate literature and related work, situating our critical parameter
based approach and providing motivation;

Chapter 3 provides details on early studies that illustrate the need for an effective UEM
creation method, it also illustrates the utility of claims analysis for uncovering problem sets;

Chapter 4 describes the UEM creation process, including descriptions of the five LSIE sys-
tems (phase 1);

Chapter 5 describes the comparison experiment, including discussion (phase 2);

Chapter 6 describes three efforts to show the heuristic set produced in Chapter 4 is indeed
useful and usable (phase 3);

Chapter 7 provides a discussion of the implications of this work;

and Chapter 8 provides detailed descriptions of the contributions and information on future
work directions.



Chapter 2

Literature Review

We are interested in developing new heuristics for the LSIE system class, based on critical pa-
rameters. This chapter outlines and reviews prior work which investigates evaluation techniques,
notification systems, critical parameters, and large screen displays and associated technologies.
These areas are important to the research goals, in terms of reviewing what has already been done
and what needs to be addressed, thereby situating this work and illustrating the logical place it will
hold in the road to betterment. Each above mentioned area has its own subsection that discusses
relevant work in that field.

2.1 Notification Systems

Before we discuss prior work that pertains to the creation of a new UEM for the LSIE system class,
information on notification systems is necessary to ensure understanding of the types of systems
with which we are concerned. The following paragraphs provide information on notification sys-
tems and the associated critical parameters that define the different types of notification system
classes. Understanding the nature of notification systems and the underlying critical parameters
provides motivation for the creation process.

Notification systems are information presentation systems which seek to provide important or
useful information, without being overly distracting to other primary tasks [62, 61]. The types of
systems existing in this classification were previously labeled “peripheral” or “secondary” displays
[55, 87, 60]. This new moniker is used to stress the user goals and functionality associated with
these systems. They really exist to provide “notifications” of changes to some information source.
Users tend to run these applications to achieve a greater understanding and awareness of various
information sources, while busy performing other tasks. Sometimes these notification systems are
used to support current work activity, and other times they are used for completely separate tasks.
In all cases, notification systems are part of some dual- or multi-task situation.

Familiar examples of notification systems include instant message buddy lists, email biffs, and
system load monitors. They are used to keep track of friends, family, and coworkers-workers; or
to monitor information sources (machine load, network traffic, status of large downloads). Other
less familiar examples include displays and monitors for nuclear power plant safety inspectors and
air traffic controllers. Various windows and audible sounds could inform these users of changes in
critical information. These windows and sounds are examples of notification systems.
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2.1.1 Examples of Notification Systems in Literature

Here we provide some discussion of examples of early notification systems. Most early notifica-
tion systems were designed to reside on computer desktops. They existed as windows or icons
residing around the periphery of the computer screen. Several of these desktop systems attempted
to integrate multiple information sources into a single application.

Desktop

Irwin [57], Information Resource Watching In a Nutshell, as the name implies, was developed to
provide a common location for monitoring information sources such as local news, sports, stocks,
weather, and email. The application was intended to be used while one was busy with other tasks
(writing, reading, surfing the web). Sideshow [12] was a similar system that resided on the right
margin of the screen, somewhat like the toolbar at the bottom of Windows operating systems. Like
Irwin, it provided an integrated approach to information monitoring. Users could decide what
information they wanted on the side bar; anything from email to local traffic reports. It leveraged
freely available information from web sources.

A more recent desktop notification system is the Scope [92]. This system sought to integrate
different types of notifications (from your inbox, calendar, to-do lists) into a single area, where the
status of various notifications could be assessed through quick glances. It resided in the lower right
corner of the desktop and provided cues about status and additions to important items.

These desktop systems are only a small portion of the applications that have been developed
for supporting various types of information sharing and awareness. Other systems involve the
use of video or video ‘snippets’ [27]. In fact, several media spaces rely on video channels to
support distance communication [83]. In addition to video, other systems leverage different types
of information to enable awareness. The Peepholes system [33] levetsgeshformation (from
Unix servers) to provide lightweight awareness of colleagues. It was implemented as a desktop
system that ran in a small portion of the desktop.

These examples illustrate the dual-task nature of notification systems and provide some insight
into the challenges that arise during evaluation. Modeling these situations for empirical evaluation
is difficult, so we turn to analytic techniques. But, there is still a lack of support for analytic
evaluation. Again we see the need for dedicated evaluation tools but lack the requisite support
for effective UEM creation. This problem is exacerbated when considering notification systems
that are not on a typical desktop.

Off-Desktop

Other notification systems can appear in off-desktop applications. Weiser's dangling string rep-
resentation of network traffic [93], in-vehicle information systems [74, 39, 51], ambient media
[47, 56], and multi-monitor displays are examples [37, 42]. These types of off-desktop notification
systems leverage the physical space in which people work and exist to provide information while
people are busy with other tasks.
An interesting example of a truly off-desktop notification system is “Phidget Eyes” [34]. This

system leverages physical objects in the environment to reflect specific information states. A pair
of fabricated eyes can open, close, and ‘look around’ to indicate various information states. An
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example usage could be to monitor when colleagues are available in a distributed office; the eyes
could open when a colleague came into his office.

Others are looking into real world interfaces (RWI) as notification systems [67, 63]. These
notification systems are everyday lights, fans, and other electrical equipment that is attached to
a computer control. Information can be represented with these devices, serving as notification
systems, without taking up precious desktop real estate. Consider as an example a light that reflects
when a meeting is scheduled. As the meeting time draws near, the light turns on and gets brighter.
When the meeting time is reached, the light could flash on and off to let the user know it is time
for the meeting.

Along with this myriad of platforms for hosting notification systems, large screen displays can
be used to show information to users. They provide rich display capabilities and leverage the space
in which they are located. Information shown on these displays would be visible from multiple
locations within the space. See Section 2.3 for more discussion on large screens and how they tie
in with notification systems.

These examples provide an idea of the variability in notification system design and implemen-
tation. It should be clear that notification systems can take on many forms and appear on many
types of platforms. This variability can lead to disjoint evaluation efforts from researchers, and re-
sults may not be readily usable by othdtss clear that a structured, repeatable UEM creation
technique is necessary to provide the analytic methods for supporting formative evaluation.

The next section presents some background on a framework created to support evaluation of no-
tification systems, to promote comparison and reuse. This framework uses critical parameters to
allow for definition of various types of interfaces (or system classes) within the notification system
design space. In fact, these critical parameters define the notification system design space [62].

2.1.2 Framework for Understanding Notification Systems

Discussing notification systems in a cohesive framework, defined by critical parameters, allows
for effective evaluation and comparison. This ability stems from the fact that critical parameters
capture the overarching goals of a system class, not just those for a single system. Instead of
focusing evaluation on metrics derived from developer expectation, critical parameters provide
grounded, reusable, and comparable metrics where evaluation is focused on determining if new
systems provide advancements. Indeed, critical parameters provide the criteria for establishing
long term performance measures so that we can assess whether new systems are “better” or “just
different” [68]. We now describe a framework for describing notification systems based on the
notion of critical parameters. The thrust of this work supports our goal of producing a structured,
repeatable heuristic creation process by providing established parameters with which we can assess
specific systems within a class.

Critical Parameters

William Newman put forth the idea of critical parameters for guiding design and strengthening
evaluation in [68] as a solution to the growing disparity between interactive system design and
separate evaluation. For example, consider airport terminals, where the critical parameter would be
flight capacity per hour per day [68]. All airport terminals can be assessed in terms of this capacity,
and improving that capacity would invariably mean we have a better airport. Newman argues that
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by establishing parameters for application classes, researchers can begin establishing evaluation
criteria, thereby providing continuity in evaluation that allows us “to tell whether progress is being
made” [68].

In addition, Newman argues that critical parameters can actually provide support for devel-
oping design methodologies, based on the most important aspects of a design space. This ability
separates critical parameters from traditional usability metrics. Most usability metrics, like “learn-
ability” or “ease of use” only probe the interaction of the user with some interface, focusing not
on the intended purpose of the system but on what the user can do with the system. Critical pa-
rameters focus on supporting the underlying system functions that allow one to determine whether
the system performs its intended tasks. Indeed, the connection between critical parameters and
traditional usability metrics can be desribed as input and output of a “usability” function. Ciritical
parameters are used to derive the appropriate usability metrics for a given system, and these met-
rics are related to the underlying system goals through the critical parameters. Thus, as we test and
evaluate systems, we can determine if we are making progress in system design.

Critical Paramters for Notification Systems

In [62], we embraced Newman’s view of critical parameters and established three parameters that
define the notification systems design space. Interruption, reaction, and comprehension are three
attributes of all notification systems that allow one to assess whether the system serves its intended
use. Furthermore, these parameters allow us to assess the user models and system designs asso-
ciated with notification systems in terms of how well a system supports these three parameters.
High andlow values of each parameter capture the intent of the system, and allow one to measure
whether the system supports these intents.

Representing the high and low values for each parameter as 1's and 0’s provides unique de-
scriptions of eight classes of notification systems. As shown in [62], these eight classes cover all
combinations of the levels of the three parameters. Furthermore, each class is unique, implying
fundamental differences in the nature of each of the system classes. Figure 2.1 provides a graphi-
cal depiction of these classes, with labels capturing the nature of each. The framework described
above [62] will be adopted in this research. It will be referred to as the “IRC”. These three criti-
cal parameters are used to categorize all notification systems and correspond to varying levels in
user goals for the notification (secondary task): interruption, reaction, and comprehension. These
classes represent ideal instantiations of systems for each blend of the critical parameters. There can
be many types of systems that hold varying levels for each of the critical parameters that still fall
within a system class. The binary representation of 0 or 1 is only a simplification of a continuous
spectrum from which many systems can be classified.

Interruption

Interruption occurs when attention is allocated from a primary task to the notification [62]. It is
most easily seen when a user switches their current task to address the notification. This parameter
deals with whether or not a user has the goal of being interrupted to receive information from the
notification system. In the case where interruption is desired, we would have a high level (1),
otherwise we would have a low level (0). In some instances, being interrupted from current work
tasks could have serious negative consequences (like driving a car, or performing brain surgery).
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Figure 2.1: Notification system classes according to design objectives for each of interruption (1),
reaction (R), and comprehension (C), simplified as high (1) or low (0).

But, in other cases, interruption could be desired or even necessary (think about a nuclear reactor
about to blow). In fact, recent work suggests that interruptions become important for managerial
tasks [43].

Examples in Literature Researchers have been interested in the effects interruption may have
on ongoing tasks for years. Recently, focus has been on the negative aspects of interruption and
methods for avoiding or reducing these impacts. Bailey et al. [4] looked at how annoying interrup-
tions were as well as how it contributed to anxiety levels. Not surprisingly, unwanted interruptions
were considered annoying and increased anxiety in users.

Other researchers have investigated negative aspects of interruption as well. Cutrell et al. looked
at the effects interruptions have on memory and performance [23]. Participants were asked to find
book titles in a listing, using a scrolling display. The titles were located down in the list and re-
quired some scrolling to find. Interruptions were initiated by the investigators at specific times and
measures of how long it took the participant to find the title after being interrupted were used to
analyze the effects of the interruptions. Interruptions in this context carried a negative impact on
remembering the current task (specific book title), and on how long it took to find the title.
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Similar work looked at the relationship of the interruption to the primary task [25]. Related
interruptions (those that dealt with something similar to the ongoing task) were found to be more
disruptive in terms of resuming the interrupted task than unrelated interruptions. Others have
investigated how interruptions impact different task types. Czerwinski et al. investigated instant
message interruptions on editing tasks, playing Tetris, and search tasks [24]. They found that the
impacts of interruption indeed differed for the different task types. It was suggested that the more
cognitively demanding tasks suffered higher levels of disruption.

Some researches looked to how to eliminate or reduce the negative aspects of interruption.
McFarlane came up with a taxonomy for classifying types and styles of interruptions [65, 64].
He studied four types of interruptions to determine relative effects on ongoing tasks. He found
that negotiated interruptions were better for reducing the disruptive effects associated with the
interruptions. A similar finding by Trafton et al. suggests that having time to rehearse before task
switching facilitates task resumption [91].

Self-defined Interruption These findings lead one to think about interruption as a necessary part
of life but that we can reduce or alleviate some of the negative aspects if we can design systems
to leverage our abilities to rehearse and negotiate our time. The ideas posed by McFarlane and
Trafton led me to think about a particularly interesting type of interruption; that which is defined
by the user. Thiself-definednterruption occurs without real thought and effort.

For example, consider the secretary busy writing a memo for his boss. The secretary is roughly
half way through the memo and decides to stop and check the news headlines on his news ticker.
The ticker has been visible on the screen the whole time while he was typing in his word pro-
cessor but he explicitly decided to look at the ticker to get a sense of the current news items.
The ticker perhaps only mildly distracted him, shifting some attention away from the typing task;
but, the secretary defined his own interruption and looked at the ticker. Nothing really caused or
prompted the interruption, but subtle cues in the moving ticker helped the secretary notice changes,
prompting the secretary to look at that particular time. Since the interruption was self-defined, the
secretary could easily rehearse the position of the current task to facilitate task resumption. This
idea helps define the notion of large screen information exhibits, as this is one of the fundamental
characteristics of typical LSIE use.

However, we need to expand the IRC framework to include this idea of self- defined interrup-
tion. The original framework only addressed distinct levels of each parameter, designated as high
and low (or 1 and 0) [62] in an effort to simplify the presentation of the framework. But, the levels
of each parameter can move along a range from 0 to 1. This implies other levels between high and
low. For example, consider the idea of self-defined interruption, which is neither a high interrup-
tion goal nor a low interruption goal but something in between, or something that can cover a range
from high to low. We do not desire high interruption because we need to stay focused on current
work tasks, but we are more tolerable to distractions. We also do not want low interruption be-
cause we need to shift our attention to the notification system in order to assess the display. Hence,
we need to include various levels and ranges for interruption, and similarly for each parameter,
as potential user goals. Includingr@diumlevel for each parameter (represented as .5) can give
us more flexibility when dealing with the idea of self-defined interruption, while simultaneously
leveraging the utilility of the critical parameters for system design. Including continuous ranges
(from medium to high, or low to medium, or even low to high) can also provide some flexibility
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in system classification. We claim that self-defined interruption can be thought of as requiring a
medium or medium-to-high level of interruption.

Attribute Leveraging A different look at interruption deals with specific design elements in a
system and how they cause or reduce disruptive effects of interruption. Different uses of color,
shape, and motion as information encoding mechanisms bring different levels of interruption.
Healey and Enns looked at choosing effective colors in information design, to facilitate quick com-
prehension of information to avoid disruption [41]. Shape has been investigated in other studies as
well. Chewar et al. actually compared color, shape, and position as encoding mechanisms to assess
which would be better for supporting interruption [18]. They found that position was best overall
but interestingly, as more interruption to the primary task was allowed, color and shape switched
in which was better. Bartram also compared shape to motion with respect to grabbing attention
[8, 7, 6]. Her findings suggest that motion is best for grabbing attention, especially as the target
gets farther and farther from the center of focus. Other work has investigated how increasing the
numbers of notifications can increase interruptiveness. Somervell et al. found that increasing the
number of secondary tasks caused performance degradation in the primary task [87]. Interestingly,
they found that when extra secondary tasks were added, users seemed to ignore them in favor of
completing the primary tasks.

Some studies of interruption also illustrate methods for measuring interruption in relation to a
primary task, illustrating the difference between a critical parameter and a test metric. A common
strategy is to measure performance degradation (a test metric) on a primary task to assess the
disruptive effects (critical parameter of interruption) of a notification system. McCrickard [60] and
Somervell [86, 87] illustrate an effective testing methodology in which a dual-task experimental
setup is used to assess various aspects of notification systems. These studies provide measures of
interruption, as well as reaction and comprehension. The point being that the critical parameter
suggests which metrics to use in the evaluation phases of system design.

Reaction

Reactionis the rapid and accurate response to important information provided by the notification
[62]. An example of a reaction to a notification would be sending an instant message in response
to a notification of a friend becoming available online. Often, the ability to quickly perform some
action is the most important goal for a notification. This parameter refers to the goal of performing
a specific action in response to a notification.

Sometimes users may not have the goal of responding to information in a notification. For
example, a person using a stock ticker may simply want to know what the market is doing; buying
or selling a particular stock may not be part of his/her intended usage. However, a different user
could use the same notification system for the explicit goal of being able to know when to buy/sell
stocks. These two different user goals illustrate the differences associated with notification systems
and how they support intended user goals.

Examples Most of the systems that were mentioned earlier also deal with reaction to some ex-
tent. Scope, Irwin, and Elvin all support reaction to changes in the information. Appropriate
reactions in Scope might include clicking on an urgent item to get more details, or leaving to go
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to a meeting in response to a reminder [92]. Similarly, Irwin supported reaction by allowing a
user to respond to emails or news events in a timely fashion [58]. The Elvin notification server
sends notifications when specific events occur. Correct reactions to these notices include checking
emails, opening web browsers, or placing a phone call [30].

There are some empirical evaluations of notification systems that deal with reaction to some
extent [60, 84]. These studies used a dual-task setting to separate measures on primary and sec-
ondary task performance. Measures on reaction included timings for indicating certain states in
the information had occurred. This method provides an effective technique for measuring the reac-
tion support for a given notification system. Again we see how the evaluation metrics are directly
related to the critical parameter.

Others also measured reaction in their studies of other aspects of notification systems. Czer-
winski measured reaction times for responding to instant messages [25]. McFarlane investigated
timings as well as correct responses in his investigations of interruptions [65, 64]. Empirical mea-
sures of timings seem to be an effective method of measuring the reaction levels associated with a
notification.

For the LSIE system class we define the notioagbropriate reactiorto capture the range of
possible goals with respect to reaction. Sometimes a user may need to immediately perform some
action as a result of the information in the LISE (high reaction). At other times, users may not
need to do anything with the information (low reaction). For LSIEs then, the appropriate reaction
depends on the use context and can vary from low to high. So, like interruption, the reaction
parameter requires some flexibility.

Comprehension

Comprehensiomefers to the goal that the information in the notification be remembered and re-
tained in long term memory [62]. Being able to recall and use information over extended periods
of time are associated with the goal of high comprehension. For example, a user may want to know
what the headlines are for a particular day. This knowledge could be used later to start a conversa-
tion. But, as with interruption and reaction, users may not always want to gain high comprehension
from the notification. An example is with a fire alarm. People probably don’t want to know what
the cause of the fire is, or even the location, they only want to know that there is a fire and they
need to evacuate the premises. So user goals vary with respect to how much comprehension of the
information they want to attain.

Examples Some of the systems introduced in the earlier sections also deal with comprehension.
Sideshow [12] provides information from multiple sources and this access to information helps
with comprehension. Likewise, Irwin [58] provided information which aided comprehension.

There are few empirical works that investigate how to measure comprehension when dealing
with notification systems. McCrickard et al. used correctness scores in [59]. Questions asked
about general and specific information shown in notifications were used to measure comprehen-
sion. Similar techniques were used in [86], [84], and [87]. These measures provided useful insight
into various information encoding techniques for comprehension support.

Other types of notification systems leverage comprehension as their main purpose or objective.
Examples include work by Ishii [47] that deals with ambient media. Information displays such as
water ripples projected on a ceiling and moving lights convey information about certain sources,
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but the goal is to obtain some amount of comprehension of the information, not to be able to react
to it, and definitely not to be interrupted by it. Another example of a system that provides high
comprehension is Informative Art [76], with its depiction of weather as abstract artwork. High
comprehension of the weather forecast is the main objective of this display.

For LSIEs, comprehension goals suggesiigh rating is most accurate. Understanding and
making sense of the information provided by the LSIE system is important for the users of the
system. While this requirement can be less stringent in some instances, the typical comprehension
requirements of LSIE systems is high.

It should be clear that notification systems are complex systems and need to be evaluated with
respect to interruption, reaction, and comprehension. Researchers have touched on these ideas in
existing studies but they have only recently been considered together [62] as critical parameters
that define the notification system design space.

2.1.3 Applicability To This Work

Now that we have the IRC framework, we can begin systematic development of UEMs tai-

lored to the user goals for specific system classeghis framework provides a common discussion

and classification scheme for notification systems. Using this framework, we can identify systems
that on the surface seem completely different, but with respect to user goals are actually quite sim-
ilar. 1dentifying the design models (user goals) associated with these systems allows researchers to
focus evaluation and probe issues that are important to the users of those systems [17]. Since our
work seeks to understand evaluation methods for large screen information exhibits, this framework
will provide a starting point for identifying heuristics for these systems, by classifying the target
systems in terms of the critical parameters (see Chapter 4). To clarify, LSIE systems typically
require high comprehension, self-defined interruption, and varying levels of reaction (depending
on usage context), which would fit into the design space as a range across the right face of the cube
(as opposed to just a corner). Figure 2.2 provides this depiction.

It is prudent at this point to describe how a system class can range across a face on the Noti-
fication Systems design space. The key to establishing a system class within the IRC framework
is by restricting the parameters. For example, if a system tries to support high comprehension
while simultaneously providing rapid reaction, but not eliciting user attention, that system would
be classified as a “secondary display”. In this instance we restrict comprehension, reaction, and
interruption. For the LSIE system class we restrict both comprehension and interruption. At least
two of the three parameters need to be restricted to establish a system class, otherwise the resulting
design space would be addressing four or more combinations of user goals simultaneously, which
would suggest creating a system that would be too complicated to function well for any of the
tasks.

This also brings to light the notion of further categorizing the notification system classes into
smaller chunks. Indeed, one wonders if there are different kinds of LSIE systems. As discussed
in Chapter 6, there is an indication that the level of coupling between the primary and secondary
tasks may differentiate some underlying difference in LSIE systems, but this notion is not further
explored here. Future work could consider whether there may be refined critical parameters for
each of the system classes in the notification systems design space (see Chapter 8).
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Figure 2.2: The LSIE system class within the notification systems design space.

2.2 Evaluation of Large Screen Information Exhibits

There has been little evidence of evaluations of large screen notification systems. Granted, some
investigators have done limited user observations (as in [36] and [75]), but real empirical evalua-
tions of whether the displays support their intended use are lacking. This is often due to difficulties
in modeling the dual-task situation. Furthermore, these disjoint evaluations are difficult to leverage
in design of other systems. The methodology and results are tailored explicitly for the individual
systems tested, minimizing the chances for generalizing results for sharing and reuse.

One way to achieve generalizability is by effective evaluation of these systems based on de-
sired user goals, or critical parameters. Developing generic evaluation methods based on critical
parameters could promote reuse and generalizability of results [17]. A question then arises about
which methods could be generalized for notification systems, specifically large screen information
exhibits, based on the critical parameters for that system class. There are many evaluation methods
that could be used, both analytical and empirical. We focus on analytic techniques in our work.

2.2.1 Analytical Methods

Analytical methods show great promise for ensuring formative evaluation is completed, and not
just acknowledged in the software life cycle. These methods provide efficient and effective usabil-
ity results [70]. The alternative usually involves costly user studies, which are difficult to perform,
and increase the design phases for most interface development projects. It is for these reasons that
we focus on analytical methods, specifically heuristics.
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Heuristic methods are chosen in this research for two reasons. One, these methods are consid-
ered “discount” methods because they require minimal resources for the usability problems they
uncover [70]. Two, these methods only require system mock-ups or screen shots for evaluation,
which makes them desirable for formative evaluation. These are strong arguments for developing
this method for application in multiple areas.

2.2.2 Heuristic Evaluation

A popular evaluation method, both in academia and industry is heuristic evaluation. Heuristics are
simple, fast approaches to assessing usability [70]. Expert evaluators visually inspect an interface
to determine problems related to a set of guidelines (heuristics). These experts identify problems
based on whether or not the interface fails to adhere to a given heuristic. When there is a failure,
there is typically a usability problem. Studies of heuristics have shown them to be effective (in
terms of numbers of problems found) and efficient (in terms of cost to perform) [48, 50].

Some researchers have illustrated difficulties with heuristic evaluation. Cockton & Woolrych
suggest that heuristics should be used less in evaluation, in favor of empirical evaluations involving
users [21]. Their arguments revolve around discrepancies among different evaluators and the low
number of major problems that are found through the technique. Gray & Salzman also point out
this weakness in [32].

Despite these objections, heuristic evaluation methods, particularly Nielsen’s, are still popular
for their “discount” [70] approach to usability evaluation. Several recent works deal with adapt-
ing heuristic approaches to specified areas. Baker et al. report on adapting heuristic evaluation to
groupware systems [5]. They show that applying heuristic evaluation methods to groupware sys-
tems is effective and efficient for formative usability evaluation. Mankoff et al. actually compare
an adapted set of heuristics to Nielsen’s original set [56]. They studied ambient displays (which
are similar to the systems that would be classified as ambient displays in the IRC framework) with
both sets of heuristics and determined that their adapted set is better suited to ambient displays.

This renewed interest in heuristic approaches is part of the motivation for this work, beyond
the general need for evaluation methods for large screen information exhibits. As such, the heuris-
tic usability evaluation method will be investigated in this research, but with different forms of
heuristics, some adapted specifically to large screen information exhibits, others geared towards
more general interface types (like generic notification systems or simply interfa¢esjocus of
our work is to create a new set of heuristics by reliance on critical parameters. One that is
tailored to the LSIE system class.

2.2.3 Comparing UEMs

There is obvious interest in determining which, when, and how usability evaluation methods should
be applied to certain types of systems [48, 50, 52, 11]. These types of evaluations of UEMs have
sparked further discussion and debate [32]. Issues with current UEM comparison studies mainly
revolve around lack of validity in the comparison [32]. Others have made counter arguments,
suggesting that some comparison is better than none at all. Regardless of the back and forth
arguments for various studies of UEMs, the HCI community recognizes the need for comparison
and evaluation of UEMs in all areas. The lesson to take away from this discussion is to be careful
and methodical in future UEM comparisons, striving for the highest validity in comparison studies.
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Recent examples of work that strives to compare heuristic approaches to other UEMs (like
lab-based user testing) include work shown at the 46th Annual Meeting of the Human Factors and
Ergonomics Society. Chattratichart and Brodie report on a comparison study of heuristic methods
[16]. They extended heuristic evaluation (based on Nielsen’s) with a small set of content areas.
These content areas served to focus the evaluation, thus producing more reliable results. It should
also be noted that subjective opinions about the new method favored the original approach over the
new approach. The added complexity of grouping problems into the content areas is the speculated
cause of this finding [16].

Tan and Bishu compared heuristic evaluation to user testing [90]. They focused their work on
web page evaluation and found that heuristic evaluation found more problems, but that the two
techniques found different classes of problems. This means that these two methods are difficult to
compare since the resulting problem lists are so different (like comparing apples to oranges). This
difficulty in comparing analytical to empirical methods has been debatedHigean Computer
Interaction13(4) for a great summary of this debate) before and this particular work brings it to
light in a more current example.

2.2.4 Comparing Heuristics

The approach in this work is to compare different types of heuristics, to illustrate the utility of

a new set of heuristics targeted towards large screen information exhibits as compared to more
general alternatives. By focusing on heuristics, any comparisons will be on similar output from the
methods.

There has been some work on the best ways to compare UEMs. These studies are often limited
to a specific area within HCI. For example, Lavery et al. compared heuristics and task analysis in
the domain of software visualization [52]. Their work resulted in development of problem reports
that facilitate comparison of problems found with different methods. Their comparisons relied on
effectiveness, efficiency, and validity measures for each method.

Others have also pointed out that effectiveness, efficiency, and validity are desirable measures
for comparing UEMs (beyond simple numbers of usability problems obtained through the method)
[40, 21]. Hartson et al. further put forth thoroughness, validity, reliability, and downstream utility
as measures for comparing usability evaluation methods [40].

These criteria (suggested by Hartson et al.) for comparison will serve useful in this research and
will be adopted for several reasons. One, this work is recent, done in the last few years, meaning it
is at or near the top of the list of current, accepted methods. Two, the comparison technique relies
on multiple measures for each UEM, providing a more robust indication of the overall “goodness”
of the UEM. And finally, the technique stresses the utilization of a usability problem set as the basis
for comparing the methods. This makes the comparison rest on the real problems inherent in the
systems used in the comparison study, thereby increasing the validity of the comparisaiig40].
developed a new UEM comparison approach that simplifies the calculation of these metrics.
Chapter 5 provides more detail on the comparison experiment done in this work.

The next section talks in some detail about large screen displays, some uses and evaluations of
these displays, and how they may be used as notification systems. This discussion provides some
insight into LSIE systems and motivates why we focus on them in this research.
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2.3 Large Screen Displays

Large screen displays are much larger than typical computer desktops. They are most easily rec-
ognized as large flat panels attached to a computer, usually in a self-contained box unit. This
discussion doesn't limit itself to only this type of large screen; in fact, any large surface that could
be used as a display would fall into this category for discussion. There are some displays that are
extremely large and would not be directly available for study (most sporting events arenas use very
large screens to show interesting highlights). As such, the research proposed in this document deals
exclusively with large screens designed for use inside buildings, but the results should generalize
to these larger, outdoor displays.

Part of the motivation for focusing on large screen technologies comes from the fact that more
and more institutions are purchasing large screens for use in workplaces. However, more often
than not, institutions that own or possess large screen displays only use them sporadically, if at
all. When they are used, it is typically for presentations or informal meeting support. These usage
periods represent a small fraction of the time these displays could be used for notification tasks.
Developing design recommendations and guidelines for using large screens as notification systems
can help designers create systems that could utilize these displays during periods of typical non-
use.

2.3.1 Early Forms

Early large screens came from the Xerox corporation in the early nineties. The Liveboard provided
a large display surface along with some interesting software that allowed one to draw and annotate
the programs being used on the display [29]. This new interaction technique would spark interest
in the product and ultimately lead to its inclusion in numerous research institutions and businesses.
These early large screens could be thought of as a desktop computer with a very large monitor.

Other early instances of large screen usage are reported in [44]. The Clearboard system was
an instance of a large screen display that allowed users to share the space and work together while
also maintaining eye contact. It used a mirroring technique to show the image of the other person
correctly. Basically the display surface had a “see-through” layer that allowed the people working
on the display to see each other and their gestures. Evaluations of Clearboard indicate that this
technology supported awareness of other peoples’ actions and activities with the display [45, 46].

Currently, SMART is a leader in large screen technology for large monitors. With integrated
touch screen control these displays provide effective interaction without the use of pens or other
devices. As such, interaction capabilities are increased and more and more universities and institu-
tions are purchasing these boards [22]. However, with decreasing prices and development of newer
technologies, other companies are beginning to develop their own systems.

Other Technologies

Other large screen display technologies include wrap around displays and projected surfaces. Wrap
around displays could involve multiple monitor setups to provide extra display surface. Mary
Czerwinski at Large Display User Experience group at Microsoft is investigating these types of
display surfaces [26]. Projectors can also be used to project information on large surfaces such as
walls or curtains. Bowden et al. illustrate this technique in their projection of “Jeremiah”, a large
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human-like face that reflects the status of its surroundings by facial expressions [10]. These types
of displays are similar to the ones that will be focused on in this research, the large, box units
described above, in that they provide extra display space away from the desktop.

Development of new and exciting display technologies has implications for large screen in-
formation exhibit use and development. Plasma screens are highly desirable for extended life
and clarity in picture. Of course, cost makes these displays almost unattainable. Cheaper al-
ternatives include LCD and OLED display technologies. LCD (liquid crystal display) screens are
significantly cheaper to produce but they suffer from degraded picture quality and shorter life span.
OLED (organic, light emitting diode) technology is still in its infancy and has not been successfully
marketed as a viable large screen platform. However, businesses, institutions, and even individu-
als are intensely interested in purchasing larger and larger screens for use in communication and
entertainment tasks.

Regardless of the possibilities for large screen platforms, this research is focused on the large
screen software systems that run on these platforms. These software programs often allow infor-
mation sharing and communication and do not necessarily rely on the underlying technology. As
such, we are not concerned with the actual presentation medium in this research. Nonetheless,
it is desirable to include information on this technology when discussing these types of systems.
Limiting this research to these screens should not limit the results to this type of display. Any sug-
gestions for evaluating information exhibits on “standard” large screens (i.e. those found running
on dedicated large screen technologies) should readily apply to these other technologies.

2.3.2 Early Uses of Large Screen Displays

Predominantly these large screen displays have been used for meeting support. These displays pro-
vide rich capabilities for showing vivid images and color without the use of projecting equipment.
They provide unique drawing surfaces for use during presentations and meetings. They are also
used for informal meetings as extra desktop space. The Tivoli system [75] was one example of this
type of system. It provided necessary interaction support for informal collaborative work meetings.
The i-Land system also supported team work and collaboration [89]. It provided large screens for
information sharing surfaces, as well as multiple input support for creativity and innovation.

Another example is the BlueBoard [78, 79]. This large screen system was mainly used for
collaboration support for distributed colleagues. It was stationary and “knew” its place, so that it
could provide relevant information to the occupants of a particular space. Interestingly, when the
BlueBoard was not being actively used, it cyclically displayed web pages of information relevant
to the location. This use actually makes the BlueBoard a notification system. The next section
further investigates how large screen displays have been used as notification systems.

Not surprisingly, large screen displays are making their way into classrooms as well as meeting
rooms. One early instance of a large screen in a classroom comes from Dufrense’s implementation
and usage of the Classtalk system [28]. A large screen was used to present the results of the student
responses for the entire class to view and discuss. Another classroom system incorporated a large
screen. The e-Class system had a large screen with a software program to allow the instructor
to scribble notes on a scroll-able whiteboard [2, 3]. The large screen served as a note-taking
space and specific notes on student comments were explicitly added during the lecture to provide
comprehensive coverage of the course material.

Another example of large screens in the classroom is with the ClassroomBridge system [31].
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This system provided both teachers and students with information regarding progress towards
semester-long research projects. An LSIE display showed icons representing different types of
work, as well as upcoming project deadlines. The idea was that the teachers and students, while
busy completing projects and working with one another, could look at the display to assess and
compare progress.

2.3.3 Shift Toward Notifications

In addition to typical dedicated uses, these large screen display systems are being used for tasks that
are becoming more and more related to notification systems. Goals are shifting from presenting
information as a primary task to a secondary task. One example is the WebAware system developed
by Skog and Holmquist [82]. This system presented web page hits in a galaxy-like visualization
on a wall in a common space. People could easily see what web sites were receiving the most
traffic. This display existed only to provide the information to those who wanted it. The display
was not the primary focus of any specific task, instead it existed to provide useful or interesting
information in a secondary nature to other ongoing tasks.

Another example of a large screen display being used for information presentation is the No-
tification Collage by Saul Greenberg and Michael Rounding [36]. This system allowed users in a
common area to post tidbits of information to the large screen. Others could then come by and see
the postings and make new postings in response. Here again the display was not used as a primary
activity but existed as a message information center, used only for secondary communication tasks.

Informative Art is yet another example of a large screen being used to present interesting in-
formation in a secondary fashion [76]. Large wall mounted displays provided information about
weather in an aesthetically pleasing form. Users could look at the display during times of reflec-
tion and thought. Systems like WebAware, Notification Collage, and Informative Art illustrate the
possibilities of using large screens as notification systems.

Each of the above systems can be classified using the IRC framework and the three critical
parameters. If we examine the intended use of these systems, we see that they each strive to
provide information to users. Users decide when to look at the displays (self-defined interruption)
in hopes of gaining some useful understanding of the information (high comprehension), to perhaps
perform some response (reaction).

2.4 Summary

Thus far background information on relevant related work has been presented. Discussion of eval-
uation methods and UEM comparison has illustrated the necessity for system-class level specific
heuristics. This requires development of new heuristics tailored to the user goals associated with a
system class-urthermore, critical parameters and the notification system design space help

focus our work and provide underlying structure to our heuristic creation method (as shown

in Chapter 4).

In addition, we must take care in the comparison of our new heuristics with existing alter-
natives. Focusing on specific metrics, as proposed by Hartson et al. can provide much needed
validity to our UEM comparison. We also are motivated to avoid the previous problems UEM
researchers have encountered when conducting UEM compari3ongduce ambiguity and
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increase validity, we have devised a new comparison technique that puts each of the target
UEMs on equal ground, thus ensuring a fair comparison(see Chapter 5).

General discussion of notification systems and critical parameters, as well as information on
LSIE systems, provides motivation for this work. Notification systems are rapidly gaining atten-
tion in all aspects of the HCI field. Large screen display technologies are rapidly approaching
ubiquity in universities, industries, schools, offices, and in the hdPneviding developers and
researchers with much needed evaluation tools can support the creation of effective, useful
systems.

The following chapter describes some early work that further motivates the need for a system-
class level UEM for the LSIE system class. In addition, this background work illustrates the utility
of Scenario Based Design [77] and claims analysis [15], which are used in the heuristic creation
process.



Chapter 3

Background and Motivation

This chapter contains information on preliminary and background work done to identify require-
ments and needs for heuristics for large screen information exhibits, and to illustrate the utility
of claims analysis in system inspectibrVe will provide evidence of the potential that tailored
heuristics provide as a usability evaluation method for large screen information exhibits, illustrate
the utility of claims analysis for extracting design tradeoffs, and motivate the idea of structured
heuristic creation.

3.1 Introduction

Recognizing the need for efficient evaluation of large screen information exhibits, a concentrated
effort has been made to understand the best approach to address this need. The following sec-
tions provide information on a preliminary assessment of the utility in creating evaluation methods
which are specific to a single system class, such as large screen information exhibits, yet are also
generic enough to be applied across different systems in the same class. This background work
provides a look at some LSIE systems, presents discussion of alternative heuristic creation ap-
proaches, and illustrates the need for a structured heuristic creation process.

As information presentation shifts from the desktop to ubiquitous displays (like a large screen),
usability evaluation methods need to be tailored or newly developed to address pivotal user con-
cerns and ensure quality software development. Ubiquitous systems, like LSIEs, bring new chal-
lenges to usability [1], mostly due to the nature of their multi-tasking use, in which attention is
shared between ongoing tasks. Hence, keeping those challenges in mind can further evaluation
method development efforts for large screen information exhibits.

However, there are many different types of usability evaluation methods one could employ to
test design, and it is unclear which ones would serve as the best for this system class (large screen
information exhibits). One important variation in methods is whether to use an interface-specific
tool or a generic tool that applies to a broad class of systems. This preliminary study investigates
tradeoffs of these two approaches (generic or specific) for evaluating LSIES, by applying two types
of evaluation to example LSIE systems. This work provides the motivation and direction for the
creation, testing, and use of a new set of heuristics tailored to the LSIE system class.

Parts of this chapter are published in [85].

23
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3.2 Assessing Evaluation Methods

Specific evaluation tools are developed for a single application, and apply solely to the system
being tested (we refer to this as a per-study basis). Many researchers use this approach, creating
evaluation metrics, heuristics, or questionnaires tailored to the system in question (for example see
[5, 56]). These tools seem advantageous because they provide fine grained insight into the target
system, yielding detailed redesign solutions. However, filling immediate needs is costly—for each
system to be tested a new evaluation method needs to be designed (by designers or evaluators),
implemented, and used in the evaluation phase of software development.

In contrast, system-class evaluation tools are not tailored to a specific system and tend to fo-
cus on higher level, critical problem areas that might occur in systems within a common class.
These methods are created once (by usability experts) and used many times in separate evalua-
tions. They are desirable for allowing ready application, promoting comparison between different
systems, benchmarking system performance measures, and recognizing long-term, multi-project
development progress. However, using a system-class tool often means evaluators sacrifice focus
on important interface details, since not all of the system aspects may be addressed by a generic
tool. The appeal of system- class methods is apparent over a long-term period, namely through
low cost and high benefit.

We conducted an experiment to determine the benefits of each approach in supporting a claims
analysis, a key process within the scenario-based design approach [15, 7 ¢aimsanalysis
an evaluator makes claims about how important interface features will impact users. Claims can
be expressed as tradeoffs, conveying upsides or downsides of interface aspects like supported or
unsupported activities, use of metaphors, information design choices (use of color, audio, icons,
etc.), or interaction design techniques (affordances, feedback, configuration options, etc.). These
claims capture the psychological impacts specific design decisions may have on users.

3.3 Motivation from Prior Work

UEM research efforts have developed high level, generic evaluation procedures, a notable example
being Nielsen’s heuristics [70]. Heuristic evaluation has been embraced by practitioners because
of its discount approach to assessing usability. With this approach (which involves identification
of usability problems that fall into nine general and “most common problem areas”), 3-5 expert
evaluators can uncover 70% of an interface’s usability problems.

However, the drawbacks to this approach (and most generic approaches) are evident in the
need to develop more specific versions of heuristics for particular classes of systems. For example,
Mankoff et al. created a modified set of heuristics for ambient displays [56]. These displays differ
from regular interfaces in that they often reside off the desktop, incorporating parts of the physical
space in their design, hence necessitating a more specific approach to evaluation. They came
up with the new set of heuristics by eliminating some from Nielsen’s original set, modifying the
remaining heuristics to reflect ambient wording, and then added five new heuristickl{z@gver,
they do not report the criteria used in eliminating the original heuristics, the reasons for
using the new wordings, or how they came up with the five new heuristicS hey proceeded to
compare this new set of heuristics to Nielsen’s original set and found the more specific heuristics
provided better usability results.
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Similar UEM work dealt with creating modified heuristics for groupware systems [5]. In this
work, Baker et al. modified Nielsen’s original set to more closely match the user goals and needs
associated with groupware systems. They based their modification on prior groupware system
models to provide guidance in modifying Nielsen’s heuristics. The Locales Framework [35] and
the mechanics of collaboration [38] helped Baker et al. in formulating their new heuridties.
ever, they do not describe how these models helped them in their creation, nor how they
were used.From the comparison, they found the more application class-specific set of heuristics
produced better results compared to the general set (Nielsen’s).

Both of these studies suggest that system-class specific heuristics are more desirable for for-
mative evaluation. However, the creation processes used in both are not adequately described. It
seems that to obtain the new set of heuristics, all the researchers did was modify Nielsen’s heuris-
tics. Unfortunately, it is not clear how this modification occurred. Did the researchers base the
changes on important user goals for the system, as determined through critical parameters for the
system class? Or was the modification based on guesswork or simple “this seems important for
this type of system” style logic? Based on what is provided in [56] we can assume that the latter
was the case, as no mention of detailed inspection or analysis was provided. Baker et al. do pro-
vide some justification of their method. They modified pre-existing guidelines to form heuristics
tailored for groupware applications. Unfortunately, specifics on how this transformation was done
are lacking [5].

Based on these efforts, it is clear that a structured, repeatable heuristic creation method is nec-
essary for development of system-class specific heuristics. However, there are specific processes
required to ensure that the method can be repeated. To illustrate the utility of these processes, we
performed an experiment that highlights both the analytic techniques for system inspection, as well
as the need for a system-class level UEM tailored to the LSIE system class.

3.4 Experiment Description

These successes in creating evaluation tools that are specific to an application class represent new
hope for human-computer interaction research — perhaps we can have the long-term comparison
and benchmarking advantages with valuable, immediate feedback about interface usability prob-
lems. Therefore, as the field pursues UEM adaptation for large screen information exhibits, it is
necessary to clarify the techniques that lead to effective UEM creation.

Our early work focused on evaluating LSIE systems through questionnaires [85], and compared
single-system questionnaires to system-class questionnaires. Findings suggested that system-class
guestionnaires were the more desirable evaluation methods for the LSIE class. However, an impor-
tant impact from this work involved the use of claims analysis [15] for assessing usability concerns.
The following sections provide descriptions of the methods used in our earlier work, and support
our decision to use claims analysis in our heuristic creation method (Chapter 4).

3.4.1 System Descriptions

We selected two interfaces within the large screen information exhibit application class for com-
parison in our earlier study [85]. Large screen information exhibits are software interfaces created
for use on large display surfaces, providing interesting or useful everyday information to groups
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or individuals in multi-use areas, such as meeting rooms, break rooms, and labs. These “off the
desktop” interfaces provide context-aware access to deeper information about ongoing activities
(high comprehension) in a format that allows users to decide when they want to look at the display
(self-defined interruption) and supports necessary response to the information (reaction).

GAWK

The GAWK (Group Awareness, Work Knowledge) display was designed as part of the Virtual
School [31] software suite to show student group work progress as icons within a timeline metaphor.
As project groups complete work on documents and charts, icons appear in group rows. The sys-
tems cycles through newer icons, highlighting each and displaying a summary in the banner. This
representation provides a history and current summary of the work done in each group, allowing
teachers (and students) to better understand how they should help.

Photo News Board

The Photo News Board shows photos of recent news stories arranged by news type, allowing
people who use common areas such as break rooms, labs, and meeting rooms with large screen
displays to gain awareness of the day’s news events [54]. Highlighted stories (photos) correspond
with the text descriptions at the bottom. The system polls and retrieves photos and news clips
from Internet sources, introducing newer stories in the center and constantly shifting older stories
toward the edge. Highlighting patterns reflect the news category the occupants of the room are
most interested in.

3.4.2 Methodology

We conducted an analysis of usability evaluation results on both systems to evaluate how well
system-class or single-system surveys could support claims associated with these systems, lead
to redesign conclusions, and impact long-term design processes. The overall methodology of
this analysis consists of three phases: conducting the usability evaluations, assessing the claims
analysis according to each result set from the usability evaluations, and recognizing potential long-
term benefits.

Usability evaluations

We built several assumptions into our analytical approach that we believe to be typical of a usability
study in the formative stages of system development. For instance, since participant time is quite
costly, our evaluation sessions were designed to be completed within one-half hour. This made
a controlled, lab-based test appealing, since we also wanted the feedback to be based on actual
experience with the system rather than impressions from screenshots or storyboards. Therefore,
we used scripted, rapid prototypes displayed on a 52" screen to illustrate how each system would
support a real situation.

To conduct our testing, we used a 2 (system) x 2 (survey type) between-subjects experimental
design. Twenty computer science undergraduate students participated in this experiment volun-
tarily. Participants were tested individually and asked to take on the role of a typical user for the
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system they were evaluating. To do this, they performed other tasks (such as reading a newspa-
per or recording quiz grades) that would be part of the usage context (a classroom for the GAWK
system and a break room for the Photo News Board). While the participant was engaged in these
tasks, the interfaces presented scripted scenarios to familiarize the participants with the informa-
tion presentation as it would actually be used in the intended situation. After experiencing each
of several scenarios, the participant was asked simple, free-response questions about the infor-
mation displayed by the interface, reinforcing their awareness of system features. However, the
only recorded feedback was answers to a nine-question survey provided to the participant once all
scenarios were completed.

The between-subjects design allowed both displays to be evaluated using two separate evalu-
ation tools—a specific survey derived for each system that focused on important system features
and a system-class survey based on the typical user goals for applications within the large screen
information exhibit system class. System-class survey questions were loosely based on a frame-
work for understanding user goals of notification systems [61] . The same system-class survey was
used for both systems. See Appendix A for the survey questions.

To maintain consistency and usability study brevity, all three survey versions were developed
within our research group and had nine questions. The surveys used Likert-style rating scales for
various aspects of the systems. Participants read a statement and indicated their level of agreement
with the statement, ranging from strongly disagree to strongly agree.

After aggregating responses for each survey, questions with ratings that clearly showed agree-
ment or disagreement (average responses within one-standard error of the “neutral” response) were
then applied to the claims analysis to determine the impact of participant responses on our claims.

Claims analysis assessment

To determine the impact of survey responses to understanding usability problems, we had to per-
form a claims analysis [15, 77] on each interface. Within the scenarios of use developed for each
system, claims were made about the various design choices. These claims indicate how the de-
sign choices were thought to positively or negatively impact users. Claims analyses produced 58
design tradeoffs for GAWK and 56 for Photo News Board — each addressing system-specific
claims based on activity design (e.g. supported or unsupported activities), information design (e.g.
font/icon usage), and interaction design considerations. Examples of two categories of claims for
each system are shown in Figure 3.1. Numbers of upside and downside tradeoffs by category can
be seen in Table 3.1's left-most column for each system.

Next, survey questions from both the system-class and single-system surveys were mapped
to each system’s claims, although some claims were not addressed by questions on a given sur-
vey. This mapping was then used to determine whether or not claims were supported or refuted
according to participant opinion. After capturing these numbers for the two types of evaluation
tools, we compared how thoroughly the surveys addressed the claims analysis, gauging the impact
of both survey tools on targeting immediate, per-study usability concerns and suggesting redesign
conclusions.
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Claims |

Category GAWK PhotoNewsBoard
(+) showing deadlines (+) seeing photos
Supported : e
e helps teachers focus triggers curiosity
UL students on tasks G9, B4 | about the story G9, 49
(—) size constrains (—) smallest pictures
Font/Icon message length to ~80 on outer edges may
Usage characters, lack of detail ~ not be recognizable

causes distraction G3, BS  G6, A3

Survey Questions I

G9: Appropriate reactions were obvious and intuitive.

A3: I could casily tell which news stories were recent and which
were older,

B4: If I were busy with something, changes in the display would
NOT distract me.

Figure 3.1: Example claims and survey questions, with upside (+) and downside (-) tradeoffs that
correspond to sample questions from the system-class (G9) and single-system (A3, B4) surveys.

Recognizing long-term benefits

We compared system-class survey responses for both systems. We started by identifying questions
that exhibit low response variance, since these could be candidate questions for benchmark estab-
lishment. Then, we looked for cases where the two systems demonstrated similar results (average
response value and amount of response variance) on questions that map to similar design tradeoffs,
allowing recognition of potential general guidelines that would be useful in designing new sys-
tems. We also looked for questions that had wide response variation, since the associated claims
might allow detection of design artifacts that are responsible for the usability concern. Finally, we
thought about how the two systems compared to each other. This allowed appraisal of the system-
class survey’s impact on long-term design processes — by suggesting guidelines, benchmarking
response values, and allowing overall system comparison [85].

3.5 Discussion

This experiment investigated the tradeoffs associated with using single-system and system-class
evaluation tools for large screen information exhibit systems — in terms of immediate, per-study
contributions to the usability engineering process and impact to long-term design processes. These
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GAWK Supported or Refuted PNB Supported or Refuted

Claims Specific Generic Claims Specific Generic

+ - of S R of S R + - of S R of S R
Swpored Is 1|6 5 of5 5 o6 2|8 3 0|7 3 0
Metaphors | 3 3|6 1 0|4 2 1|3 2|5 2 0|4 2 1
Layout 5 4|8 2 3|8 3 2|6 3|8 2 1|7 1 1
Colors 6 2|7 5 0|8 3 214 0|3 3 0|0 0 O
Fonts/lecons | 3 2|5 3 2|5 2 0|2 2|4 0 0|4 1 1
Audio 1112 1 0|2 o0 111 111 0 0|2 1 0
Animation 4 3|7 3 2|7 3 213 3|6 2 0|6 2 1
Affordance |1 2|3 1 1|/2 1 o]l1 1|1 0 olo 0 o
janston 14 2|8 2 2|6 3 1|5 3|5 0 0|5 1 0
Feedback 2 0|2 1 0|2 2 02 2|2 0 212 0 2
Config. 2 2|4492 1]3 1 1|2 2|0d90 00 0 O
subtotals | 36 | 22 (56 ) 26 | 11 @ 10|35 21{43) 12| 3 %}11 | 6

s .

Totals 58 .] q_(so,e 56 (ifzm 17(30%)_|

Table 3.1: Survey resultimpact on claims analysis: numbers of claims are shown for claim analysis
categories. Single-system surveys addressed slightly more claims (a), but the system-class survey
supported/refuted similar percentages of claims (b).

tradeoffs highlight the need for system-class level UEMs. Furthermore, this experiment has illus-
trated two important considerations for the creation of heuristics based on critical parameters.

3.5.1 Drawbacks to Surveys

The comparison of redesign conclusions made available through each survey type did not show
any advantage for either system-class or single-system evaluation tools, largely because the strong
mapping between questions and claims provides a rich basis for analyzing design artifact usability
performance. These findings provide no clear support for either type, suggesting no difference
between the two tools for per-study usability evaluations. This means that the apparent advantages
of the single- system method — addressing finer details of a design, as a result of tighter coupling
with a claims analysis, to reveal better redesign options — did not manifest in this study. Reasons
could be as simple as insufficient experimental conditions or could be as complex as individual
interpretation of question wording3he important point is that we must provide support for
system-class level UEMs.
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3.5.2 Strength of Claims Analysis

We note that the claim analysis process showed to be an extremely useful approach for support-
ing depth and breadth in usability problem identification, despite the relatively small amount of
data, few users, rapid prototype systems, and brief session durations. This approach to usability
evaluation provides direct feedback on design artifacts. By associating user responses to specific
claims through the question-to-claims mappings, we were able to determine directed redesign con-
clusions from both surveys. It is this mapping that provides the redesign capability and insight into
the usability of an interface, broadening the analytical scope afforded by each question. Using the
claims analysis approach and assessing the coverage a UEM provides to a set of claims seems to
complement newer UEM comparison methods (e.g. [40]).

From this study, we see that a system-class approach to large screen information exhibit us-
ability evaluation seems like a logical choice. Hence, the long term benefits of these system-class
methods (as opposed to a method created explicitly for a single system) suggest taking the initial
cost to produce them, so that they may be reused in subsequent evaluations of new versions or other
systems within the application class. As refinement of usability evaluation material for these types
of systems proceeds, there is an impetus for carefully considering system-class tools that can be
created by experts and leveraged by development teams for low-cost reuse and design knowledge
collection. However, as pointed out in Section 3.3, we need a structured UEM creation process
that produces usable and useful evaluation guidance.

3.6 Summary

The findings of our early study, which compared tailored, application-specific usability surveys to
system-class surveys, can be summarized as follows:

e There is insufficient evidence that system-specific evaluation tools have an advantage over
system-class tools in facilitating better identification of usability concerns or redesign strate-
gies.

e We observed the potential long-term benefits of guideline and benchmark development, as
well as system comparison in system-class evaluation tools.

e Claims analysis proved to be an extremely useful approach for producing problem sets in a
consistent manner, which is necessary for validly evaluating UEMs [40].

e System-class evaluation tools for large screen information exhibits interfaces should be re-
searched and developed by experts to provide development teams the benefits of low-cost
reuse and design knowledge collection.

These findings suggest many directions for future work: improving upon the actual evaluation
tools, extending our UEM comparison process with complementary, metric-centered techniques,
investigating other evaluation methods, and drawing out the long-term benefits that are embedded
in system-class specific approaches. Certainly, our evaluation tools can be improved upon. Our
initial work can be extended with Hartson’s equations [40], comparatively assessing UEM thor-
oughness, reliability, and downstream utility. In addition, this analytical process (claims analysis)
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can be applied to other evaluation methods, such as heuristics, cognitive walkthroughs, and critical
incident reports. As other systems are evaluated with system-class specific tools, it will be espe-
cially important to collect results in a cohesive manner that empowers formulation of benchmarks,
guidelines, and other reusable design knowledge.

This background work suggests that system class level methods are most promising because
they are at a desired level of specificity and generality, without being too much of either. The
implications of this finding suggest that we create an evaluation method tailored to the large screen
information exhibit system class, then compare it with other, accepted alternatives to illustrate
method effectiveness. As noted in Section 2.2, heuristics are an excellent candidate for develop-
ment as a formative evaluation tool for LSIE systems. The next chapter describes the creation
method used to develop a set of heuristics tailored to the LSIE system class.



Chapter 4

Heuristic Creation

This chapter describes the creation process used for developing a set of usability heuristics for
large screen information exhibits. The basic approach involves:

e inspecting example systems from the target system class, performing claims analysis from
scenarios of use;

e classifying and categorizing these claims into manageable groups based on similarities;
e inspecting the wordings of the claims to extract design issues;
e and finally synthesizing heuristics from the issues

After providing some motivation and review, the following sections fully describe the processes
used to arrive at the set of heuristicand provide details on the final set.

4.1 Introduction

Ensuring usability is an ongoing challenge for software developers. Myriad testing techniques
exist, leading to a trade-off between implementation cost and results effectiveness. Some methods
are easier to administer, others perhaps are less costly. Finding and using the right method for a
specific application is part of the usability process, but determining the most effective methods for
a given application class is not clear.

Usability testing techniques are broken down into analytical and empirical types. Analytical
methods involve inspection of the system, typically experts in the application field, who iden-
tify problems in a walkthrough process. Empirical methods leverage people who could be real
users of the application in controlled tests of specific aspects of the system, often to determine
efficiency in performing tasks with the system. Using either type has advantages and disadvan-
tages, but practitioners typically have limited budgets for usability testing. Thus, they need to
use techniques that give useful results while not requiring significant funds. Analytic methods fit
this requirement more readily for formative evaluation stages. With the advent of new technologies
and non-traditional interfaces, analytic techniques like heuristics hold the key to early and effective
interface evaluation.

1A terse description of the process and the full listing of heuristics has been published in [88]

32



Jacob Somervell Chapter 4. Heuristic Creation 33

There are problems with using analytical methods (like heuristics) that can decrease the valid-
ity of results [21]. These problems come from applying a small set of guidelines to a wide range of
systems, necessitating interpretation of evaluation results. This illustrates how generic guidelines
are not readily applicable to all systems [40], and more specific heuristics are necessary. As we
realize the potential in analytical evaluation techniques (namely cost effectiveness and early adop-
tion and use), we have developed a set of heuristics tailored for evaluating large screen information
exhibits. Our goal was to create a more specific set, tailored to this system class, yet still have a
set that can be generic enough to apply to all systems in this class. This idea follows from what we
learned in previous work on system-class evaluation methods (see Chapter 3).

Large screen information exhibits (LSIES) are information presentation applications built to run
on large screen displays. These displays can range from projections on walls to large electronic
LED displays (like at sporting arenas), but are perhaps most easily recognized on situated large
screens like the SMART board or Liveboard. These applications are part of a larger class of
systems known as notification systems [62, 61]. Typically used to support secondary tasks, these
notification systems are characterized through some common user goals revolving around dual-
and multi-task situations.

LSIEs focus on very specific user goals based on the critical parameters of interruption, re-
action, and comprehension. Differing levels of each parameter (high, medium, or low) define
different system classes [62]. We focus on LSIEs which require medium interruption, low to high
reaction, and high comprehension.

First, users want to gain a better understanding of the information presented on the display.
This high-level comprehensiomvolves making sense of the information and storing it in long
term memory. All LSIE systems support the understanding of some information source through
combinations of design artifacts like colors, layout, and groupings. The mapping of informa-
tion meaning to design artifact provides the ability for increased understanding of the information
source. By designating laigh level for this parameter, we are requiring LSIE systems to sup-
port increased comprehension of the secondary information source, through storage in long term
memory or relation to existing knowledge.

A second goal associated with LSIEs deals with minimizing the distraction caused by the dis-
play, while simultaneously allowing the user to decide when he/she wants to look at the infor-
mation. Thisself-defined interruptionalong with being shown on large screen displays, is what
clearly separates these applications from other typical information interfaces. The self-defined as-
pect is important because users often need to stay focused on the primary task; only checking the
LSIE when it is convenient. Self-defined interruption maps tmeaiumto medium-higHevel for
the interruption parameter because a significant shift in attention is required. However, the user
defines when this shift occurs. In other words, we do not wamivdevel of interruption, because
we must shift our attention to the display. Also, we do not wanit level of interruption because
we need to focus on our primary tasks, but we can more readily tolerate required shifts in attention.
This suggests a medium to medium-high range.

A third goal, although somewhat more flexible than the other two, is to be able to react to the
information. Thisappropriate reactiordepends on usage context and personal goals, as some users
may need to be able to make important decisions based on the information shown on the display in a
quick and efficient manner (high reaction), while others may not need to do anything (low reaction).
Users are busy with other tasks, such as editing documents, or searching through databases, and
rely on these displays to facilitate awareness and understanding of the secondary information. As
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such, the appropriate level for reaction can be different for various types of displays, ranging from
low to mediumto high.

Creating effective, useful applications for large screen displays is an important goal for devel-
opers. Effective evaluation methods, which can be readily implemented, are needed to ensure user
goals are met early in the design life-cycle. Heuristics are a logical choice as an evaluation method
for this system class because they can provide early design feedback with lower cost than empir-
ical methods, but no heuristics specific to this class are available. This work seeks to create a set
of heuristics, specifically targeting LSIEs, with the eventual goal of being able to allow efficient,
accurate testing of formative designs. In so doing, we expected to learn how critical parameters can
support heuristic creation, how to effectively compare different sets of heuristics, and how design
knowledge can be reused in future LSIE development efforts.

4.2 Motivation

Tremendous effort has been devoted to the study of usability evaluation, specifically in comparing
analytic to empirical methods. Nielsen’s heuristics are probably the most notable set of analytical
techniques, developed to facilitate formative usability testing [71, 70]. They have come under fire
for their claims that heuristic evaluations are comparable to user testing, yet require fewer test
subjects. Comparisons of user testing to heuristic evaluation are numerous [48, 50, 90], yet none
seem to address the apparent lack of creation description. In other words, researchers seem focused
on using, testing, and comparing heuristics, but few seem interested in how they are developed.

Some have worked to develop targeted heuristics for specific application types. Baker et al. re-
port on adapting heuristic evaluation to groupware systems [5]. They show that applying heuristic
evaluation methods to groupware systems is effective and efficient for formative usability evalu-
ation. Mankoff et al. compare an adapted set of heuristics to Nielsen’'s original set [56]. They
studied ambient displays with both sets of heuristics and determined that their adapted set is better
suited to ambient displays.

However, as discussed in Chapter 3, these studies fail to provide readily applicable heuristic
creation processes. Neither of these studies adequately describes the process used to arrive at the
new heuristic sets. In the case of [5], they relied upon some previous theoretical underpinnings,
but do not detail how to move from theory to heuristics. In the case of [56], they simply rely on
expert experience to suggest plausible new heuristics. In both cases the new sets are based heavily
on Nielsen’s original set [71] and the processes are not clear to someone who may try to use them
in their own efforts.

These previous works illustrate the interest and need for effective heuristics; furthermore, it
illustrates the desire to create evaluation methods that are effective for specific types of interfaces.
However, these works do not specify exactly how one can create heuristics for an application class
(as discussed in Section 3.3). The following section describes how we approached this problem.

4.3 Processes Involved

How does one create a set of heuristics anyway? We could follow the steps of previous researchers
and just use pre-existing heuristics, then reason about the target system class, hopefully coming up
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with a list of new heuristics that prove useful. There is little structure to this approach, and it is
highly dependent upon the individuals involved in the analysis. In fact, in the original published
work that describes the heuristics, Nielsen and Molich explicitly state that the heuristics come from
years of experience and reflection. Not surprising as the heuristics emerged some 30 years after
graphical interfaces became mainstream. In the case of Nielsen and Mack, they at least validated
their method through using it in the analysis of several systems, after they had created their set. But
this approach is not feasible for most system classes, mainly because the systems are new and have
received little evaluation attention, and the time required to amass necessary experience would be
unacceptable for current and near term development efforts. Because these systems are so new,
targeted evaluation methods become even more desirable and necessary to ensure early formative
feedback.

Other types of heuristics have not seen this level of use and validation but still show promise
for usability. However, one issue with these other sets is the approach behind their creation [56, 5].
In particular, these two studies fail to provide repeatable, structured creation methods that can be
readily applied in other areas. Indeed, the two mentioned studies relied upon vague descriptions of
theoretical underpinnings [5] or simple tweaking of existing heuristics [56]. Researchers struggle
to come up with methods to obtain usable heuristics in their particular domains, and the approaches
described in [5] and [56] do not provide a clear, structured approach to heuristic creation.

Our approach to this lack of structure in creating heuristics is to take a logical look at how
one might uncover or discover heuristics for a particular type of system. Basically, to gain insight
about a certain type of system, one could analyze several example applications in that system class
based on the critical parameters for that system class, and then use the results of that analysis to
categorize and group the issues discovered into re-usable design guidelines or heuristics.

This sounds simple but in reality takes a concentrated effort in several stages. These stages
involve:

e selection of target systems.

e inspection of these systemsAn approach like claims analysis [15] provides necessary
structure to knowledge extraction and provides a consistent representation.

e classifying design implications. Leveraging the underlying critical parameters can help
organize the claims found in terms of impacts to those parameters.

e categorizing design implications.Scenario Based Design [77] provides a mechanism for
categorizing design knowledge into manageable parts.

e extracting high level design guidanceBased on the groupings developed in the previous
step, high level design guidelines can be formulated in terms of design issues.

e synthesizing potential heuristics.By matching and relating similar issues, heuristics can
be synthesized.

The following sections describe in detail the process used in this work to create a set of heuristics
tailored to the LSIE notification system subclass.
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4.4 Selecting Systems

The first step in the creation process requires careful selection of example systems to inspect and
analyze for uncovering existing problems in the systems. The idea is to uncover typical issues
inherent in that specific type of system. These issues are the keys to design guidance and informa-
tion re-use in that knowing about them and mitigating them can help future designers create better
systems.

Our goal was to use a representative set of systems from the LSIE class. Because these types
of systems are relatively new, our selection space is limited. We wanted systems that had been
in use for a while, with reports on usage or studies on usability to help validate the analysis we
would perform on the systems. Given these constraints, we chose the following five LSIE systems,
including some from our own work and some from other well-documented design efforts, to further
investigate in the creation process.

e GAWK [31] This system provides teachers and students an overview and history of current
project work by group and time, on a public display in the classroom.

e Photo News Board [85] This system provides photos of news stories in four categories,
shown on a large display in a break room or lab.

¢ Notification Collage [36] This system provides users with communication information and
various data from others in the shared space on a large screen.

e What's Happening? [94, 95] This system shows relevant information (news, traffic, weather)
to members of a local group on a large, wall display.

¢ BlueBoard [78] This system allows members in a local setting to view information pages
about what is occurring in their location (research projects, meetings, events).

These five systems were chosen as a representative set of large screen information exhibits. The
GAWK and Photo News Board were created in local labs and thus we have access to the developers
and potential user classes. The other three are some of the more famous and familiar ones found
in recent literature. These five systems also clearly illustrate the unique user goals associated with
the LSIE system class. The following sections provide some more details on these systems and
discussion of the user goals associated with them.

4.4.1 Arethese LSIES?

Each of the systems we chose to include in our heuristic creation process are considered LSIES.
The following sections provide some details on the systems and why they are classified as LSIE
systems. To summarize the following descriptions of the target systems, we have provided Table
4.1, listing the systems and the user goals associated with them according to the LSIE system class.
Recall that we have defined LSIEs to be notification systems that support the user goals of self-
defined interruption (medium to medium-high interruption), high comprehension, and appropriate
reaction (low to medium to high reaction). Determining the goals of each system is accomplished
through assessment of typical usage and system intent, as stated by the system developers. In
describing these systems, we provide justification for classification in the LSIE system class.
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System Interruption | Comprehension Reaction
GAWK medium-high high high
Photo News Board medium high low
Notification Collage] medium high low to high
What's Happening? medium-high high high
Blue Board medium high low to high

Table 4.1: Target systems and user goals. Multiple entries come from different scenario parameter
values.

4.4.2 Systems
GAWK

The GAWK system was designed as part of the ClassroomBridge [31] software suit to provide
middle school science teachers with extra awareness information about the student groups in their
classes. Specifically, the GAWK is the name of the large screen awareness application used in the
classrooms. Students in separate classrooms work together to complete long term projects in which
they must collaborate on and share the work. Teachers need to stay on top of how the groups are
performing, and the GAWK display provides this information in real time, in the classroom. Icons
representing various documents are displayed on the large screen, arranged by group and week.
This provides the teachers (and students) with an overall view of on what the groups worked and
when.

As project groups complete work on documents and charts, icons appear in group rows, rep-
resenting their work activity. These rows are further broken down into 6th and 8th grade work by
showing specific icons on the top or bottom of the row. The system cycles through recent work,
highlighting the icon and previous versions of the work, and displaying a summary in the ban-
ner. This representation provides a history and current summary of the work done in each group,
allowing teachers (and students) to better understand how groups have worked over time.

Facilities for collaborative editing, real time chat, and document sharing are included among
the many tools in the desktop software. The GAWK was designed to support awareness of each
groups’ work in the science projects the students complete as part of class work. Work artifacts
(documents, charts, pictures) are represented as icons, distributed over time. This allows both
teacher and students to assess how well groups compare in progress towards specific project goals.

User Goals The intended use of this system was to support activity awareness [14] by providing

a work history on the large screen in the classroom. Users (both students and teachers) would be
able to look over at the display and assess how well groups are making progress towards goals.
Understanding the current state of the project, as well as the history of the work is part of this
awareness. Presence and absence of work icons reflects when work was completed. This informa-
tion supports théigh comprehensiogoal associated with this display.
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The display was designed to support gaining high comprehension without requiring significant
user attention (medium interruption). To this end, users should be able to decide when to look at
the display, as opposed to the display aggressively grabbing their attention (not high interruption),
in order to maximize efficiency with their primary tasks and still maintain an understanding of
group work status. This falls in line with the notion sélf-defined interruptiomentioned earlier.

This particular display supports various types of reactions to the information; from a teacher
deciding to intervene with a group, to students deciding to increase work effort to accomplish goals
(perhaps they recognized they may be behind other groups). These are somapgripiate
reactionsfor this display in this particular context. Scenarios describing typical usage can be found
in Appendix B.1.

Photo News Board

The Photo News Board is a news dissemination system shown on a large screen display in break
rooms or labs. Community members associated with these places can quickly and easily view the
news stories from the day, and engage in conversations with other community members about the
content on the display. News items from World News, Top Stories, Sports, and Entertainment are
shown in a radial grid pattern. These items are represented with cropped photos, arranged by time.
Recent additions to the display are added at the center, and older photos are shifted towards the
outer edges. This time metaphor is reinforced by size as well — larger photos are closer to the
center of the display, and older photos are smaller, nearer the edges.

A highlighting technique is used to provide textual information about a photo in a banner at
the bottom of the screen. When a story is highlighted, the corresponding text blurb appears in the
banner. The highlighting reflects the news category the occupants of the room are most interested
in. It moves from photo to photo within a category or across categories if two or more categories
receive similar interest rankings. This highlighting can provide meta-information about the users
of the system, in addition to the current news happenings.

User Goals Typical users of the Photo News Board seek comprehension of the recent news
events in world news, sports, entertainment, and the top stories. This directly translategto a
comprehensiomeed. Since these users are busy with other tasks (editing documejtshistc
display is only glanced at when the user wants to see any new stories or if they happen to look
up from their work and an image catches their attention (medium interruption). This corresponds
with a self-defined interruptiomequirement. Usually, the users will not need to react to seeing a
specific news story, hence there ifoa reactionrequirement, but they may sometimes strike up
conversations with others based on the content. Scenarios describing typical usage can be found in
Appendix B.2.

Notification Collage

The Notification Collage is an information sharing system to allow lab members to post various in-
teresting content to a large public display. Here others can view the information, post new items, or
comment about the current content. This particular system has an associated desktop component,
or private view. Data can be made public or private in a conscious choice by the user.
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Users can share almost anything, from simple text to screenshots. The data files are sent to
the Notification Collage and are randomly placed on the screen. Newer items can partially or
completely cover other items. This random, haphazard layout is intentionally designed to stress
the collage metaphor. Users can post comments in Post-It style notes to give some feedback on
specific items.

The whole purpose of the Notification Collage is to increase the awareness of the people in a
local lab setting. The idea is based on the theory that if people know what is going on with others
in a small setting, those people would be more likely to talk about their activities with each other.
This display attempts to achieve this goal through static, omnipresent work artifacts shown on a
large public display.

User Goals As mentioned, typical users seek information about their colleagues and current
work activities in the lab or organization. The display provides this information without aggres-
sively seeking attention (not high interruption). Users can survey the screen, assessing what is
going on in their environment, without their attention being drawn explicitly to the display, how-
ever they must shift their attention to the display to gain understanding (medium interruption). This
falls in line with the idea obelf-defined interruptianThe display also provides the users with the
information they are seeking, hence it helps them ¢i@gher comprehensioof the current work
efforts in the group. Finally, the display shows the information to the users so that they can de-
cide what actions are necessary, whether it is to immediately perform an action (high reaction) or
do nothing (low reaction), thus supporting the goahppropriate reaction Scenarios describing
typical usage of the Notification Collage can be found in Appendix B.3.

What's Happening?

What's Happening? provides interesting, useful information to users by showing relevant pictures
and text on a large display in a busy hallway or common area. Information about traffic, weather,
news, and local events is displayed for users to quickly and easily see, and hopefully assimilate the
important aspects. The display automatically cycles through the information pages and users can
look at the display when they feel the need or desire to do so.

User Goals This display provides its users with useful, desired information on the screen in
large images (medium interruption) without being overly intrusive (not high interruption), thus
satisfying the need foself-defined interruption Also, the display supportsigh comprehension

by providing users with the information they need and want. Finally, the display allows users
to perform any required actions at opportune times (high reaction), supportirapgnepriate
reactionrequirement. Typical usage scenarios can be found in Appendix B.4.

Blue Board

Blue Board is similar to What's Happening? in that it provides information to users in a common
area, but the information is more specifically tailored to the location in which the board is situated.
Specifically, users can view information pages related to the area in which the board is located.
Typical information includes special events, pertinent announcements, local traffic reports, local
weather, and other information. See Figure 4.1 for a screenshot. In addition to its large screen
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Figure 4.1: Blue Board. Attract loop shows users information about the current environment.
(©2003 - IBM. Printed here with permission.

information exhibit characteristics, it can also present information about individual users within
the organization. This information is accessed by users and allows them to exchange and share
information through the large screen display. However, this particular usage would not be classified
as an information exhibit, it would be more like a typical application in that case.

User Goals The Blue Board provides users in a local setting interesting and useful information
about the local environment. Traffic reports, local happenings, weather information, and other
information types are shown in a cyclic manner (medium interruption) on the large screen in an
open area of the organization, providihigh comprehensianPassers-by and others can gain an
understanding of these events by glancing at the display. Additionally, users do not need to spend
significant time (not high interruption) viewing the display as they are busy writing, attending
meetings, and doing other tasks, supporting the notisetfdefined interruptionSome content

may elicit specific responses (high reaction) but in general users do not need to respond (low
reaction) to the items they see on the Blue Board, thus it supgppi®priate reaction Scenarios

for the Blue Board can be found in Appendix B.5.



Jacob Somervell Chapter 4. Heuristic Creation 41

4.5 Analyzing Systems

Now that we have selected our target systems, we must now determine the typical usability issues
and problems inherent in these systems. Performing usability analysis or testing of these systems
finds the issues and problems each system holds. To find usability problems we can do analytic or
empirical investigations, recording the issues we find.

We chose to use an analytic evaluation approach to the five aforementioned LSIEs, based on
arguments from Section 3.3. We wanted to uncover as many usability concerns as possible, so
we chose claims analysis [15, 77] as the analytic vehicle with which we investigated our systems.
This depends on multiple scenarios describing each system. This method proved useful in early
investigations into the generality vs. specificity question (see Chapter 3), so we are using it here as
well.

45.1 Claims Analysis

Claims analysis is a method for determining the impacts design decisions have on user goals for
a specific piece of software [15, 77Claimsare statements about a design element reflecting a
positive or negative effect resulting from using the design element in a system [15]. For example,
if an interface used a form of blinking text, a possible claim could be:

Using blinking text can:
+ direct users’ attention to important information
BUT might also distract users from other tasks

Claims analysignvolves inspection and reflection on therdingsof specific claims to de-
termine the psychologicampactsa design artifact may have on a user [15]. The wordings are
the actual words used to describe positive and negative effects of the claims. The impacts are the
overall psychological effect on the user. From the wordings and impacts, one can determine how
a particular claim might effect the user goals associated with large screen information exhibits.
For example, if we inspect the example claim from above, we can see that there is an impact
on interruption, reaction, and comprehension. Why? By directing a users attention to important
information, we are improving the user’s ability to react to the information, possibly increasing
comprehension as well. However, we also see that it could cause interruption to other tasks, which
may or may not be desired.

Using claims, we can analyze design choices in terms of user goal impact through critical
parameters; revealing groups or classes of problems that share similar characteristics. These prob-
lem classes form the basis for formulating higher level heuristics, which encompass several detail
driven problems. By synthesizing many problems into fewer, high-level heuristics, practitioners
and researchers are better able to apply the knowledge learned in our inspection of these five sys-
tems in their own design projects.

This analysis technique can uncover underlying problems with an entire system class, like
information exhibits. This technique also allows for knowledge building and re-use based on
looking at several example systems and performing claims analysis on them. Identifying poor
design elements as well as good design elements can further the development cycle for large screen
information exhibits.



Jacob Somervell Chapter 4. Heuristic Creation 42

System # Claims
GAWK 58
Photo News Board 56
Notification Collage 48
What's Happening? 41
Blue Board 50
Total 253
Average 51

Table 4.2: Numbers of claims found through inspection of five systems. Claim numbers are listed
for each system

4.5.2 System Claims

Claims were made for each of the five systems that were inspected. These claims focused on design
artifacts and overall goals of the systems. These claims are based on typical usage, as exemplified
by the scenarios shown for each system. On average, there were over 50 claims made per system.
Table 4.2 shows the breakdown of the numbers of claims found for each system. Each claim
dealt with some design element in the interface, showing upsides or downsides resulting from a
particular design choice. These claims can be thought pfaddem indicatorsunveiling potential
problems with the system being able to support the user goals. These problem indicators include
positive aspects of design choices as well. By including the good with the bad, we gain fuller
understanding of the underlying design issues. Claim wordings indicate immediate classification
into whether the issue holds a positive or negative impact on the user goal. See Appendix C for
complete listing of all claims found for each system. Understanding these problem indicators
and assessing their impact on interruption, reaction, and comprehension is a key to developing
heuristics for large screen information exhibits. By leveraging real issues from real world systems,
we can determine the immediate problems that surround current implementations of large screen
information exhibits.

4.5.3 Validating Claims

How do we know that the claims we found through our analysis represent the “real” design chal-
lenges in the systems? This is a fair question and one that must be addressed. We need to verify
that the claims we are using to extract design guidance for LSIE systems are actually representative
of real user problems encountered during use of those systems. We tackled this problem through
several different techniques. For the GAWK and Photo News Board, we relied upon existing em-
pirical studies [85] to validate the claims we found for those systems. The earlier studies actually
contributed to the claims analysis and served as validation of those claims for these two systems,
so we feel confident in the claims used from those systems.

For the Notification Collage we relied upon discussion and feedback from the system develop-
ers. We sent the list of claims and scenarios to Saul Greenberg and Michael Rounding and asked
them to verify that the claims we made for the Notification Collage were typical of what they
observed users actually doing with the system. Michael Rounding provided a thorough response
that indicated most of the claims were indeed correct and experienced by real users of the system.
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There was one claim that he said was not observed in real users:

- lack of organization frustrates users when trying to look for an artifact [response] |
don’t know if I've ever observed this. More often than not, people will ask a question
like “did you see x website that y posted to the NC? You should check it out!” This
happens almost daily. [personal communication, 8/27/2003]

However, he did not specify that the claim was not correct, so we kept it in our analysis.

A similar effort was attempted with both the What's Happening? and Blue Board systems.
The developers of these systems were contacted but no specific feedback was provided on our
claims. However, John Stasko, co-developer of the What's Happening? system, provided interview
feedback on the system and provided a nice publication [95] that served as validation material for
the claims. This report provides details on user experiments done with the What's Happening?
system. Using this report, we were able to verify that most of the claims we made for the system
were experienced in those experiments. We decided to keep the claims that were not refuted in that
report in our analysis, since the extra information would not reduce potential design guidance.

Unfortunately, none of the developers of the Blue Board system responded to our request. We
were able to use existing literature on the system to verify some of the claims but the reports on
user behavior in [78] did not provide enough material to validate all of the claims we found for that
system.

Thus, we have empirical evidence coupled with developer feedback to validate the claims found
in our system inspection. This validation is important because we want to extract design guidance
from the “real” issues with LSIE systems. While these efforts did not validate every single claim in
our analysis, we have support for the overwhelming majority of them, and those without validation
could contain important design knowledge. Thus we elected to keep all of the claims that were not
refuted through our validation efforts in completing the remainder of the creation effort.

4.6 Categorizing Claims

Now that we have analyzed several systems in the LSIE class, and we have over 250 claims about
design decisions for those systems, how do we make sense of it all and glean reusable design
guidance in the form of heuristics? To make sense of the claims we have, we need to group
and categorize similar claims. This will allow us to more fully understand the underlying issues
that appear across the five systems we have been studying. This requires a framework to ensure
consistent classification and facilitate final heuristic synthesis from the classification. This is where
the idea of critical parameters plays an important role, and how focusing on scenarios of use can
support categorizing the claims.

4.6.1 Classifying Claims Using the IRC Framework

Recall that notification systems can be classified by their level of impact on interruption, reaction,
and comprehension [62]. This classification scheme can be simplified to reffligtt anedium or

low impact to each of interruption, reaction, and comprehension. Furthermore, this classification
can be applied to the claims we have from our earlier inspections of these systems.
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Claim IRC classification
+ fading banneminimizes low interruption
distraction

+ showing movement of pictures high reaction

when new items arrivé&acilitates
recognitionof new items

- flashing with highlighting low comprehension
may beconfusing

Table 4.3: Example classification of claims with keywords in italics. The resulting classification
is provided in the right column. The italicized keywords suggest the correct classification (high,
medium, or low).

In other words, we can take a single claim and classify it according to the impact it would
have on the user goals associated with the system. For example, we have a claim about the collage
metaphor from the Notification Collage system that suggests that the lack of organization can
hinder efforts to find information. This claim would be classified as “high” interruption because
it increases the time required to find a piece of information. It could also be classified as “low”
comprehension because it reduces a person’s ability to understand the information quickly and
accurately. It is perfectly acceptable to have the claim fit into both classifications. Note how this
claim fits in with the definition of the LSIE system goals. The following describes the mechanism
used to perform this classification.

4.6.2 Assessing Goal Impact

Determining the impact a claim has on the user goals was done through inspection and reflection
techniques. Each claim was read and approached from the scenarios for the system, trying to
identify if the claim had an impact on the user goals. A claim impacted a user goal if it was
determined through the wording of the claim that one of interruption, reaction, or comprehension
was modified by the design element. Since each claim has the potential to impact interruption,
reaction, and comprehension, care must be taken in determining what those impacts are. The
inspection process used here does this through discussion and reference back to the scenarios for
the target system when there is disagreement among evaluators.

The wordings of the claims often contain catch phrases or key words that indicate the appropri-
ate user goal that is impacted by the claim. Example keywords include: distraction, understanding,
decision, notice, know, and awareness. It is not difficult to determine to which of the three user
goals these keywords pertain (distraction maps to interruption, understanding maps to comprehen-

sion, notice maps to reaction). Example catch phrases include: “focuses attention”, “increases
understanding”, “recognize photos”, etc. Again, matching the phrases to user goals is not difficult
(focuses attention maps to high interruption, increases understanding maps to high comprehen-
sion). Table 4.3 provides example claims and the keywords contained in them.

To assign user goal impacts to the claims, a team of experts should assess each claim. These
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experts should have extensive knowledge of the system class, and the critical parameters that define
that class. Knowledge of claims analysis techniques and/or usability evaluation are highly recom-
mended. We used a two- person team of experts. These experts have extensive knowledge of the
IRC framework [62] and of claims analysis techniques. We had each of the two experts provided
his/her classification for each claim separately. Differences occurred when these classifications
were not compatible. Agreement was measured as the number of claims with the same classifica-
tion divided by the total number of claims. We found that initial agreement on the claims was near
94% and after discussion was 100% for all claims. This calculation comes from the fact that out
of 253 individual claims, 237 were classified by the inspectors as impacting the user goals in the
same way, i.e. all of the experts agreed on the same classification. Differences in the remaining
16 claims consisted mainly of an inspector having chosen one factor out of multiple factors as the
dominant classification. For example, the claim “banner suggests late breaking topics and adds ex-
citement” was rated as both “high” interruption and “high” reaction. In cases like this, discussion
about reasons for choosing one classification over another led to total agreement among the inspec-
tors on the final classification. It is important that all evaluators agree on the final classifications
for all claims, so that in later stages, these earlier disagreements do not cause problems.

Table 4.3 provides some example claims and their resulting classification. In reality, the clas-
sification differences were even smaller because it was deemed acceptable for a claim to have
multiple goal impacts. In cases where there was disagreement, discussion was necessary to ensure
that the inspectors all understood the reasoning behind the classification. The full classification of
all claims can be found in Appendix F.1.

4.6.3 Categorization Through Scenario Based Design

Categorization is needed to separate the claims into manageable groups. By focusing on related
claims, similar design tradeoffs can be considered together. An interface design methodology is
useful because these approaches often provide a built-in structure that facilitates claims categoriza-
tion. Possible design methodologies include Scenario Based Design [77], User Centered Design
[73], and Norman'’s Stages of Action [72].

Scenario based design (SBD)[77] is an interface design methodology that relies on scenarios
about typical usage of a target system. This system can be a conceptual design or, as in this case, a
pre-existing system. The scenarios capture typical usage context and illustrate user goals. This is
useful in analyzing and understanding the typical user interactions with a system, and how specific
factors can impact the utility of the system for the user. For system analysis, this is important
for determining possible functionality needs, as well as identifying specific usage settings and
restrictions resulting from those settings.

We chose SBD to use in this work for several reasons. First, it is a simple framework consisting
of activity, information, and interaction design. This framework is a simplification of Norman'’s
seven stages of action [72]. So instead of focusing on seven different categories, we can focus
on three. Secondly, the framework provides nice sub-categories for each of activity, information,
and interaction design; further supporting the structured creation effort. Finally, we chose SBD
because it is tightly coupled to claims analysis [15], which we found in earlier work ([85] and
Chapter 3) to be excellent for assessing system usability.

Scenarioglescribing users and their interaction with a system are at the heart of SBD [77]. By
focusing on believable stories, insight into the target system is achieved. While intended to guide
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design for new systems, SBD captures typical interface usage within a simple framework that can
be applied to analysis of existing systems. For example, to better understand how large screen
information exhibits are used, scenarios were created for them, to illustrate a typical user and their
interaction with the system. Literature on the five systems and discussions with developers helped
in the creation of the scenarios. These scenarios were then analyzed to identify claims relating to
activity, information, and interaction design choices. Appendix B contains three scenarios for each
of the systems used in this creation process.

We used the scenarios of the systems to feed our analysis in uncovering claims about the design
decisions for the five LSIEs. Identifying the effects on goals is an important part of how we used
SBD for guiding the creation of heuristics for large screen information exhibits. To more fully
understand how this was accomplished, one must understand the framework suggested by SBD.
This framework includes activity, information, and interaction design.

Activity Design

Activity design involves what users can and cannot accomplish with the system, at a high level
[77]. These are the tasks that the interface supports, ones that the users would otherwise not be
able to accomplish. Scenarios are excellent methods for identifying activities for a given interface
because they illustrate what users can do with a system. Understanding what activities are possible
with an existing system can help identify problems with how the system was designed.

Activity design encompasses metaphors and supported/unsupported activities [77]. Under-
standing and identifying the presence and strength of metaphors is one half of activity design.
Metaphors can help users comprehend an interface and identify the ways in which it may or may
not be used. Realizing and understanding exactly what tasks can be completed with an interface is
the other half of activity design. This also involves identifying those tasks that are not supported
by the interface.

Metaphors and supported/unsupported activities can directly impact user goals related to large
screen information exhibits. A suitable metaphor can increase comprehension and reduce the
amount of unwanted interruption, thereby creating a more effective system. Whereas a poorly
chosen metaphor can increase the time it takes to learn the interface, decreasing comprehension,
and increasing unwanted interruption.

Information Design

Information design deals with how information is shown and how the interface looks [77]. De-
sign decisions for information presentation directly impact comprehension, as well as interruption.
Identifying the impacts of information design decisions on user goals can lead to effective design
guidelines. Furthermore, effective information design can allow users to react appropriately when
necessary.

Information design is an enormous area with many different facets. This category must be
broken down into smaller, more identifiable parts. We chose to use the following sub-categories
for refining the information design category: use of screen space, foreground and background
colors, use of fonts, use of audio, use of animation, and layout. These sub-categories were chosen
because they cover almost all of the design issues relevant to information design [77].
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Interaction Design

Interaction design focuses on how a user would interact with a system (clicking, typing, etc) [77].
This includes recognizing affordances, understanding the behavior of interface controls, knowing
the expected transitions of states in the interface, support for error recovery and undo operations,
feedback about task goals, and configurability options for different user classes [77]. Interestingly,
interaction with large screen information exhibits is minimal, thus the impacts to user goals would
be minimal for most aspects of interaction design. This is discussed in more detail in a Section
4.7.1.

Categorization

Armed with the above categories, we are now able to group individual claims into an organized
structure, thereby facilitating further analysis and reuse. So how do we know in which area a
particular claim should go? This again is done through group analysis and discussion regarding
the wording of the claim. The claim wordings typically indicate which category of SBD applies,
and any disagreements can be handled through discussion and mitigation.

Similar to the classification effort, this categorization process relied upon the claim wordings
for correct placement within the SBD categories. The sub- categories for each of activity, infor-
mation, and interaction provide 14 areas in which claims may be placed. Typical keywords that
placed a claim within the activity design category revolve around descriptions of metaphors and
user tasks. Other claim wordings suggested other placements, within either activity, information,
or interaction design categories. Table 4.4 provides some example claims and their resulting cat-
egorization. Keywords in the claim suggest the categorization choice. As an example, consider
the claim about the banner adding excitement, we can see that it would fall in the activity design
category, particularly within the “metaphors” sub-category. Why? Because the banner is an in-
stance of a type of information sharing mechanism that people are familiar with from other areas
(television, billboards, etc.) Here the designers are trying to leverage that metaphor (of a banner)
to help users understand the interface, and thus which activities are supported by the interface.

It took two inspectors six hours over a 6 week period to completely categorize lEBBRs
categorizations found in the claims analysis phase. This time calculation only includes joint effort
required to justify a particular claim categorization, as well as instances of disagreement and re-
sulting mitigation. Additional time was required by each expert to individually categorize the 333
claims instances. Accurate time records were not kept by each expert, but estimates suggest 3-4
hours per week over the six week period for individual claims categorization, before meeting at the
designated time for discussion and mitigation. The full categorization of all claims can be found
in Appendix F.2.

Unclassified Claims It is necessary to discuss what we are callinglassifiecclaims. Some of

the claims were deemed to be unclassified, since the claim did not impact interruption, reaction,
or comprehension. While it is possible to situate these claims within the SBD categories, if the
claim does not impact one of the three user goals, it was said to be unclassified. These unclassified

2There are 333 total claims classifications (see Section 4.6.1) because some of the individual claims have multiple
classifications according to their impact on interruption, reaction, and comprehension. Hence, we have more than the
original 253 claims to work with.
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Upsides and downsides SBD categorization
+ using pictures as single form of information activity: supported activities
deliveryreduces clutter

+ small amount ofvhite space separates information: screen spacge
individual photos

- heavy use ofed colordraws focus away information: color
from history and current screen areas

- use of fanciefontdecreases clarity information: fonts

- transition of the slideshow can distract users information: animation

Table 4.4: Example categorization of claims tradeoffs. Particular key words (in italics) suggest the
correct classification area within the categories (category: sub-category).

claims were revisited twice to make sure the classification assessment was correct. Typical claims
from this classification are exemplified by referring to aspects that do not fit within the notification
system realm, i.e. they involved aspects of primary task work instead of the secondary task.

Just because a claim did not have an impact on any of the user goals for the system, does not
mean that the claim can not be categorized into the framework according to activity, information,
or interaction design. It is still possible to discern where a claim fits in the framework and all of
the claims, regardless of classification, were categorized. Table 4.5 shows the breakdown of the
unclassified claims, according to where they belong in the framework.

Looking at these unclassified claims gives us more evidence about the nature of the large screen
information exhibit as a notification system. Recall that notification systems are dual-task systems
and provide information to users while they are busy with other tasks. This table reinforces that
concept because it shows that functionality concerning interaction with the interface has little or
no impact on the user goals associated with the system. This is directly a result of the notification
system aspect of these systems. In other words, once a user starts interacting with the system
(clicking buttons, looking for information, etc.) then the system is no longer functioning as a
notification system; and hence, the original notification system user goals are no longer being
pursued.

Overall, the claim categorization process had more instances of disagreement among the in-
spectors than the classification of the claims using the IRC framework. Often an inspector wanted
a particular claim to be in an interaction design category and another would want it in an infor-
mation design category. These instances were resolved through discussion, with each inspector
defending his/her categorization. After discussion, both inspectors were in agreement on the final
categorization.
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Branch Sub-Branch # Unclassified Total | %
Activity Presence/strength of metaphors 1 24 | 4.2
Supported/Unsupported activities 10 54 | 18.5
Information | Screen space 3 24 | 12.5
Object/Background colors 3 28 | 10.7
Fonts 2 24 | 8.3
Audio 2 11 | 18.2
Animation 0 25 0
Grouping/Layout 2 32 [6.25
Interaction | Recognizing Affordances 19 34 | 55.9
Behavior of interface controls 8 8 100
Transition of states 4 23 | 174
Error recovery/undo 3 3 100
Feedback on task progress 4 13 | 30.8
Configurability 5 30 | 16.7

Table 4.5: Breakdown of unclassified claims and where they were found. Most of these claims
came from the interaction design branch of the framework.

4.7 Synthesis Into Heuristics

After classifying the problems within the framework, we then needed to extract usable design
recommendations from those problems. This required re-inspection of the claim groupings to
determine the underlying causes to these issues. Since the problems come from different systems,
we get a broad look at potential design flaws. Identifying and recognizing these flaws in these
representative systems can help other designers avoid making those same mistakes in their work.
To facilitate this process, we created a visualization of the claims, to allow easy identification of
similar claims, and thus more readily extract underlying design issues.

4.7.1 Visualizing the Problem Tree

To better understand how claims impacted the user goals of each of the systems, a problem tree was
created to aid in the visualization of the dispersion of the claims within different areas of the SBD
categories. Aproblem treeis a collection of claims for a system class, organized by categories,
sub-categories, and critical parameter. It serves as a representation of the design knowledge that
is collected from the claims analysis processnddein the problem tree refers to a collection of
claims that fits within a single category (from SBD) with a single classification (from the critical
parameters). Aeafin the tree refers to a single claim, and is attached to some node in the tree.
Recall that SBD encompasses activity, information, and interaction design phases. Within each
of these phases, there are more specific areas in which to classify design work. These areas were
mentioned earlier in the SBD introduction and serve as sub-categories for our claims analysis.
A tree structure was created based on these categories, and it was modified to include the user
goals from the notification systems critical parameters [62], specifically high and low levels of
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interruption, reaction, and comprehension, as based on the classification effort (Section 4.6.1).
The problems identified through the claims analysis were then placed in this tree structure based
on the impact to the user goals of the system and the SBD classification.

This problem tree was created specifically for aiding in the creation of heuristics. The natural
categorization provided by SBD, augmented with the IRC framework allowed us to effectively
determine where specific claims from each system should go in the problem tree. Classifying the
problems in this way allows us to determine which areas have the most impact, and also facilitates
creating higher level heuristics for other designers and evaluators to use.

Figure 4.2 shows the problem tree that was created for the five target systems. The three main
branches correspond to the activity, information, and interaction design phases from SBD [77].
The sub-branches for each of these are taken from generic topics that fall into these categories.
For example, when dealing with activity design, designers usually focus on metaphors or which
activities to support with the software system. Likewise, information design often deals with color,
layout, font types and styles, animation, audio, and grouping. Interaction design focuses on affor-
dances, expected state transitions, feedback, and error control and handling functionality. These
sub-categories provide ample coverage of the design phases (activity, information, interaction)
while also providing a manageable set.

It is interesting, however not surprising, that the interaction branch has fewer claims associated
with it. As mentioned earlier, this results from the fact that interaction with an LSIE typically
means that the interface has become the primary task of the user, and thus, is no longer functioning
as a notification system. Hence any problems that arise from these areas would have little to no
impact on the user goals associated with the large screen information exhibit. To clarify, once a
user has started interacting with the display, he/she is no longer interested in the dual-task support
that the system primarily provides.

The major strength of using the problem tree comes into play when trying to synthesize the
problems into reusable chunks (like heuristics). By using the problem tree, the classification
scheme is available in one physical place and you can see which areas have the most impact (more
dense nodes) by looking at the number of claims attached to each node. It also provides a sum-
mary of the classification and categorization work done through this creation process, both with
respect to the SBD categories and the IRC framework. Without this problem tree, one is forced
to look at an electronic version through web pages and a complete picture is not possible without
extensive effort. The full electronic problem tree, with all of the classifications and categorizations
is provided in Appendix D.

4.7.2 ldentifying Issues

To glean reusable design guidance from the individual claims, team discussion was used. A team
of experts who are familiar with the claims analysis process and the problem tree considers each
node in the tree with the aim of identifying one or missueghat capture the claims within said

node. Issues are design statements, more general than individual claims, that capture underlying
design ideas inherent in multiple, related claims. In this case, our experts were the same ones who
performed the classification/categorization work. The research team looked at each leaf node in
the problem tree and through discussion, formulated one or more underlying issues that seemed
to explain the claims in that node. This effort produced 22 issues that covered the 333 claims.
It should be remembered that in the classification effort, some of the claims were deemed to be



Jacob Somervell Chapter 4. Heuristic Creation 51

information subcategory

leaf node

claim

interaction

activity

Figure 4.2: Problem tree based on claims from the five large screen information exhibits. La-
beled are the activity, information, and interaction branches, a sub-category within the information
branch, a leaf node within a sub-category, and a claim attached to a leaf node. Note the sparsity of
the interaction branch due to the small number of claims.

unclassified, due to the fact that they mostly referred to interaction with the displays, and thus those
claims did not contribute to the issues.

This process relies on the wording of the claims in conjunction with the specific claims in
the categorization. Here the wording refers to the actual words used to describe the claim. Each
leaf node has a unique type of claim associated with it from the categorization, and because each
claim in this node has a similar impact on the user goals, we can determine underlying causes for
these impacts. In other words, the problem tree we have, when taken as a whole, allows one to
systematically extract design guidance from system analysis by visiting one leaf node at a time.
Re-inspection involves taking the leaf nodes of the problem tree and determining what, if any,
underlying causes produced the problems in that specific node. For example, under the activity
design branch, in the metaphors sub-branch, we find five problems that increase the level of inter-
ruption a user would experience. Analyzing these problems reveals that inappropriate metaphors
can increase the time it takes a user to understand a display, thereby increasing the amount of in-
terruption he/she would experience with the display. This finding is recorded in a list of high level
issues that serve as candidate heuristics.
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Claim tradeoff Issue
+Bannersuggests late-breaking| Employ highly recognizable metaphaors
changes and adds excitement | that use/stress organizational layout

+pictorial representatiorof story
will draw interest to the story

-collage metaphomay give
disorderly haphazard appearance

-lack of organizatiorbecause of
collage metaphocanhinder
effortsto find an artifact

+collage metaphoallowed the
system to place pictures in an
unorganized fashion tase
more screen space

Table 4.6: Example of transforming specific claims tradeoffs into high level issues. Here we have
five tradeoffs from the “metaphor” sub-branch within the “activity” branch. The issues serve as
potential heuristics and capture high level design guidelines for LSIE systems. The italicized words
indicate the metaphor used or the consequence of the metaphor. These keywords suggest possible
underlying issues and lead to the creation of the wording of the issue.

So how was this extraction performed? Since the claims are classified according to the user
goals of the LSIE system class and they are categorized within the correct area of SBD, we have
a general idea of what the underlying causes could be. Further inspection of the claim wordings
suggest specific design issues pertaining to the claims. The overall goal is to extract the common-
alities among the claims within a leaf node. By focusing on one or two similarities within multiple
claims in a node, we can identify potential design guidelines that capture the common elements.
This process relies upon the problem tree, which is basically a representation of the classification
and categorization efforts described earlier.

Table 4.6 provides an example of the five aforementioned claims tradeoffs and the resulting
issue after inspection. Again the wordings within the claims help us to identify common attributes
of the claims, and thus to formulate phrases that capture specific design issues. From the example
claims in Table 4.6, we have several references to metaphors and most deal with some form of
layout or organization; hence we claim that using familiar metaphors with good organization would
be better for supporting the particular user goals associated with the LSIE class. Appendix F.3
provides a complete list of the claims and the resulting issues.

Each of the branches and sub-branches was analyzed in this way, resulting in a list of is-
sues. In all, 22 issues were identified through the analysis of the problem tree. Our two experts
went through the entire problem tree, identifying potential claims and marking those claims that
seemed strange. Unclassified claims were not considered. Then a high level issue was created
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Issues Resulting Heuristic
Usecool colors(blues, greens) for | Appropriate color schemes can be used|for
borders and backgrounds supporting information understanding.

Usewarm colors(reds, yellows) for
important information items
and highlighting

Avoid heavy usef bright colors

Table 4.7: Example of how to extract heuristics from the design issues. Here we have several
design issues on the left and the resulting heuristic on the right. Italics show the keywords that led
to the formulation of the heuristic.

that attempted to capture the majority of the claims within a leaf node of the problem tree. These
wordings are somewhat arbitrary but they do provide useful design guidance. These 22 issues
(found in Appendix E) represent high level design guidance extracted from the claims in the prob-
lem tree. They do not quite serve as heuristics because some are related by other, even higher
level causes. These issues were then categorized and synthesized into general heuristics through
a similar discussion and mitigation technique, relying upon commonalities within the issues. The
final synthesis resulted in a list of eight potential heuristics, based on the type and frequency of the
problem occurring in the five systems.

4.7.3 Issues to Heuristics

Armed with the 22 high level issues, we now needed to extract a subset of high level design
heuristics from these issues. Twenty-two is unmanageable for formative heuristic evaluation [66]
and in many cases the issues were similar or related, suggesting opportunities for concatenation and
grouping. This similarity allowed us to create higher level, more generic heuristics to capture the
issues. This process involved inspecting the issues for underlying similarities and then creating a
new wording that captured the issues. This new wording serves as the heuristic in the final set. The
wordings of some of the original issues are also provided with the heuristics as details describing
the new heuristics, providing better understanding of the applicability and scope of an individual
heuristic. These issues also provide some clarification for how the final heuristic could be applied
in an evaluation. We created eight final heuristics, capturing the 22 issues discovered in the earlier
process. Table 4.7 provides an example of how we moved from the issues to the heuristics. In
most instances, two or three issues could be combined into a single heuristic. However some of
the issues were already at a high level and were taken directly into the heuristic list. The technique
in this synthesis process relies upon team discussion to come up with the individual wordings that
captured the issues. Appendix F.4 provides a complete listing of the issues and resulting heuristics
from the synthesis process. The following section provides the final heuristics with explanatory
text taken directly from the issue list (Appendix E).
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4.7.4 Heuristics

Here is the list of heuristics that can be used to guide evaluation of large screen information ex-
hibits. Explanatory text follows each heuristic, to clarify and illustrate how the heuristics could
impact evaluation. Each is general enough to be applied to many systems in this application class,
yet they all address the unique user goals of large screen information exhibits.

e Appropriate color schemes should be used for supporting information understanding.
Try using cool colors such as blue or green for background or borders. Use warm colors like
red and yellow for highlighting or emphasis.

e Layout should reflect the information according to its intended useTime based informa-
tion should use a sequential layout; topical information should use categorical, hierarchical,
or grid layouts. Screen space should be delegated according to information importance.

e Judicious use of animation is necessary for effective desigiMultiple, separate anima-
tions should be avoided. Indicate current and target locations if items are to be automatically
moved around the display. Introduce new items with slower, smooth transitions. Highlight-
ing related information is an effective technique for showing relationships among data.

e Use text banners only when necessarfReading text on a large screen takes time and effort.
Try to keep it at the top or bottom of the screen if necessary. Use sans serif fonts to facilitate
reading, and make sure the font sizes are big enough.

e Show the presence of information, but not the detailsUse icons to represent larger infor-
mation structures, or to provide an overview of the information space, but not the detailed
information; viewing information details is better suited to desktop interfaces. The mag-
nitude or density of the information dictates representation mechanism (text vs icons for
example).

e Using cyclic displays can be useful, but care must be taken in implementatiomndicate
“where” the display is in the cycle (i.e. 1 of 5 items, or progress bar). Timings (both for
single item presence and total cycle time) on cycles should be appropriate and allow users to
understand content without being distracted.

e Avoid the use of audio. Audio is distracting, and on a large public display, could be detri-
mental to others in the setting. Furthermore, lack of audio can reinforce the idea of relying
on the visual system for information exchange.

¢ Eliminate or hide configurability controls. Large public displays should be configured one
time by an administrator. Allowing multiple users to change settings can increase confusion
and distraction caused by the display. Changing the interface too often prevents users from
learning the interface.
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4.8 Discussion

Initially one may have questions about the applicability of this method for other system classes.
Would different inspectors come up with the same heuristics, if they followed the method as de-
scribed? Perhaps, perhaps not. Individual differences can manifest in all stages of this method,
from system selection, to claims analysis, to classification, and so on. Of course different people
would uncover different heuristics through this process. However, the point of the method is to
provide a structured process to producing such heuristics, not ensure that the set of heuristics pro-
duced is the best set for the system class. Proving that requires testing and comparing the new set
of heuristics with other alternatives, to assess system problem coverage and applicability.

To better illustrate this point, consider claims analysis by itself [15]. Given a scenario for
some system, two different inspectors will come up with different sets of claims for the scenario.
Does this suggest that the claims analysis method is weak or faulty? No, it simply illustrates the
complexity of design, and how individuals insert their knowledge upon the process. In fact, itis this
complexity and reliance upon individual knowledge that strengthens the claims analysis technique.
More people can identify more claims for a given scenario, thus broadening the understanding of
the system. An analogous argument can be made for the method used in this work. The set of
heuristics found in this particular effort may not capture every last detail for every LSIE, but it
does not have to do that. Furthermore, if other evaluators went through our creation method and
came up with a different set of heuristics, it is likely that the set would provide similar design
guidance as the one produced in this work because the would be based on the same underlying
design problems in the target systems, as identified through impacts on the critical parameters and
how they fall within the SBD categorization.

The strength of this method is evident in the clearly defined steps for producing heuristics
from system inspection. Instead of blindly guessing about correct design guidelines for a system
class, one can follow this process to systematically derive heuristics from example systems. This
structure is necessary for gaining design guidance in new areas of system development, like notifi-
cation systems, or ubiquitous computing, or real world interfaces. These areas are relatively new,
and they do not have established usability techniques specifically tailored to the unique user goals
associated with them.

Process Analysis When reflecting upon this creation process, it is important to contrast it with
other heuristic development approaches. Consider the creation of Nielsen’s 10 heuristics. These
heuristics were originally described in a 1990 Communications of the ACM article [66] and were
based on observations of system use by those authors and several years of experience. Of course
Nielsen was/is an experienced consultant, so his and Molich’s experience is indeed valuable. Later
works by Nielsen do not describe the genesis of these heuristics [71, 69, 70], and it seems that
the creation of that original set is still a mystery. Perhaps more important, they do not describe
any structure for creating one’s own heuristics. They seemed more concerned with generating and
perfecting generic heuristics. In contrast, our creation process is based on six distinct steps, with a
clear structure that can be followed from start to finish.

As hinted earlier, neither Mankoff et al. nor Baker et al. provide a detailed description of
their respective heuristic creation processes. It appears that Mankoff et al. relied upon Nielsen’s
original set of heuristics as a basis, then went through some modification process to derive a set
tailored to ambient displays [56]. This modification is not entirely clear from their description
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but they did show that tailored heuristics are more desirable over more generic sets. Baker et
al. performed similar heuristic creation effort, producing heuristics tailored to groupware systems
[5]. While their creation method was not entirely replicable, at least their process is grounded in
theoretical underpinnings surrounding their target system class. Like Mankoff, Baker also showed
that specific heuristics are better for evaluation over more generic heuristics [5]. It is important to
note that both of these efforts reported creation methods that relied upon what the authors felt were
the most important elements for the respective system classes. This provides some inspiration for
our effort, because we embrace the notion of critical parameters and it is encouraging to see others
attempting similar efforts.

It seems that the most important steps in our creation process are the scenario extraction, claims
analysis, classification, and categorization. These steps provide the background and support for the
synthesis of heuristics. It is in these steps that the critical parameters support the creation process
by focusing creation effort on identifying claims that impact the parameters. This leads to heuristics
that allows evaluators to describe problems that are related to the important user goals for a system.
This further illustrates the utility of critical parameters and how, when identified for a system class,
they can guide both design and evaluation cycles.

We feel good about this creation process, and our successful creation of heuristic tailored to
the LSIE system class provides some indication of how the technique can be applied. However,
there are some drawbacks related to the specific steps in the process. Specifically this process is
highly dependent upon the individuals involved in the process due to the analytic requirements
in extracting design issues and synthesizing heuristics. If there were mechanisms to guide the
analysis required in these phases, we could reduce variability among different creators using the
method, reducing overall creation time.

Finally, consider the time it took for Molich and Nielsen to publish their heuristics. The accu-
mulated knowledge reported in their heuristics was aggregated roughly 30 years after computing
became mainstream. However, new research areas (like notification systems) need evaluation tools
in the short term as developers and designers can not wait 30 years to test their systems. Hence,
the method described here would allow usability professionals to develop heuristics in a system-
atic and structured way, with turn around time on the order of a few weeks as opposed to years.
Granted, there is significant effort involved, but the process at least produces some form of usable
heuristic guidance (see Chapters 6 and 5 for validation of this claim).

4.9 Summary

We have described the process of creating usability heuristics for LSIEs. By using scenario based
design, which focuses on user goals and tasks, we have inspected five different systems from the
information exhibit class, and identified several high level heuristics. Several important steps make
up this creation process. Claims analysis allows us to extract potential design tradeoffs from the
systems. Classifying these claims according to impact on user goals provides initial indicators of
similar claims, but there are too many claims within a single classification (like high interruption).
Further categorization is required to more fully separate the different types of claims from one
another. The SBD categories provide a simple and manageable breakdown of claim types. By using
a physical model of the resulting problem tree, one is able to consider a small group of claims at
a time to process and extract higher level design issues. After the design issues are extracted from
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1. Select systems

2. Claims analysis

3. Classify claims
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Figure 4.3: Creation process used to extract heuristics from system inspection.

the problem tree, one is able to synthesize heuristics from similar issues, resulting in a smaller,
more manageable set. Figure 4.3 provides a graphical depiction of the creation process.

By grounding these heuristics in real systems that have been developed and used, we have
established a set that is based on real system problems. Other researchers do not adequately de-
scribe how their heuristics were developed [5, 56], which allows critics to question their origins
and doubt their validity; whereas we have shown the explicit steps taken in the creation process,
which provides the background and foundation for this heuristic set.

We envision these heuristics as guiding and grounding analytical evaluation of LSIEs. How-
ever, we do not expect practitioners to simply pick these up and use them without knowing
whether or not they work, especially when they have alternatives that have been extensively studied
(Nielsen’s for example). Therefore, the next step in this creation process is to perform empirical
tests on our heuristics. We will compare them to the more established heuristics (like Nielsen’s),
using accepted UEM comparison metrics [40], thereby determining whether or not our heuristics
will be useful in formative usability evaluation for the LSIE class. The next chapter reports an ex-
periment in which this comparison study was executed. Chapter 6 describes an effort to show the
utility of the heuristics described here through actual use in evaluation. It includes two application
examples, and some feedback from international experts.



Chapter 5

Heuristic Comparison Experiment

5.1 Introduction

This chapter reports on an experiment in which the heuristics that were developed in Chapter 4 are
tested to see if they indeed provide a useful and sound evaluation approach to the usability analysis
of large screen information exhibits. If these new heuristics perform as well as or better than
existing alternatives (other heuristic sets), then that is evidence that the heuristic creation method
produces usable evaluation tools, further strengthening the notion of critical parameters as a sound
UEM creation approach.

Now that there is a set of heuristics tailored for the large screen information exhibit system
class, a comparison of this set to more established types of heuristics can be done. The purpose of
this comparison would be to show the utility of this new heuristic set. This comparison needs to
be fair, so that determining the effectiveness of the new method will be accurate.

To assess whether the new set of heuristics provides better usability results over existing alter-
native sets, we conducted a comparison experiment in which each of three sets of heuristics were
used to evaluate three separate large screen information exhibits. We then compared the results
of each set through several metrics to determine the better evaluation methods for large screen
information exhibits.

This comparison is necessary for several reasons. Because we have a new UEM, we need
to show that it performs as well as or better than alternative methods. If this method does not
produce similar results, then an alternative UEM creation approach is necessary. In addition, this
experiment serves as initial validation of the heuristic set by showing it can be used to discover
usability issues with large screen information exhibits.

5.2 Approach

The following sections provide descriptions of the heuristics used, the comparison method, and the
systems used in this experiment.

58
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Figure 5.1: Nielsen'’s heuristics. General heuristics that apply to most interfaces. Found in [70].

5.2.1 Heuristic Sets

We used three different sets of usability heuristics, each at a different level of specificity for ap-
plication to large screen information exhibits, ranging from a set completely designed for this
particular system class, to a generic set applicable to a wide range of interactive systems. The
following sections provide more information on each set, as well as a listing of the heuristics.

Nielsen

The least specific set of heuristics was taken from Nielsen and Mack [70]. This set is intended
for use on any interactive system, mostly targeted towards desktop applications. Furthermore, this
set has been in use since around 1990. It has been tested and criticized for years, but still remains
popular with usability practitioners. Again, this set is not tailored for large screen information
exhibits in any way and has no relation to the critical parameters for notification systems. See
Figure 5.1 for a listing of this set of heuristics.

Content Comparison It is worthwhile to consider at a conceptual level what is contained in

the actual heuristics that are provided to the evaluators. As seen in Chapter 4, the new heuristics
consist of a general statement and several sentences describing in more detail the idea contained
in the general statement. These sentences angsheshat were identified through the creation
process (Section 4.7.2). This bundle of information (statement plus issues) provides considerable
design knowledge to the evaluator as he/she performs the heuristic evaluation.

In contrast, Nielsen’s heuristics are more generic in the information provided, requiring the
evaluator to perform a mental interpretation of the heuristic meaning when applied in an evaluation.
Figure 5.1 illustrates the vague nature of the general statements provided in [70]. Nielsen also
provides some sentences to clarify the general statements, but the information contained in these
statements is also less specific than the content of the issues provided with the new set of heuristics.

The implication of having more design-related content in the heuristic descriptions is that eval-
uators may be able to word problems that are found in terms of offending artifacts in the design,
possibly suggesting immediate fixes or at least suggesting which areas to search for ideas in similar
artifacts, like in a claims library [17]. Without this close tie to the underlying goals of the system,
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Figure 5.2: Berry’s heuristics. Tailored more towards Notification Systems in general. Found in

9.

evaluators are forced to write out problems in generic terms, which must then be interpreted by the
designer during re-design phases, potentially increasing the overall development time and costs.

Berry

The second heuristic set used in this comparison test was created for general notification systems
by Berry [9]. This set is based on the critical parameters associated with notification systems [62],
but only at cursory levels. This set is more closely tied to large screen information exhibits than
Nielsen’s method in that large screen information exhibits are a subset of notification systems, but
this set is still generic in nature with regards to the specifics surrounding the LSIE system class.
See Figure 5.2 for a listing of this heuristic set.

Content Comparison Although Berry’s heuristics are at least attuned to the critical parameters
associated with Notification Systems, they are still generic in relation to the LSIE system class.
In assessing the content of these heuristics, they attempt to illustrate the overarching goals of
general notification systems by focusing evaluator attention on conceptual issues surrounding the
application and use of the system. This is similar to Nielsen’s heuristics, but these are more focused
on a specific type of system (NS) as opposed to any generic interface.

Like Nielsen’s, these heuristics also have some explanatory text associated with the heuristic
with which evaluators can more accurately assess an interface. But, an evaluator will still need to
perform some form of mental interpretation when applying these heuristics to LSIE systems. In
Berry’s case, the explanatory text describes examples of possible notification systems and why the
heuristic would be important to consider in an evaluation. This information is more specific than
Nielsen'’s, and helps evaluators understand how the heuristic is intended to be used.

In comparison to Somervell’s heuristics, the content in Berry’s heuristics is much more general
in nature. While they do address notification system concerns, they do not address the more specific
levels of each parameter that define the LSIE system class (namely self-defined interruption, high
comprehension, and appropriate reaction). This difference could impact design guidance during
the redesign portion of system development cycles. Because evaluators must be more creative in
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their application of Berry’s heuristics, he/she may not be able to describe the problem in terms that
suggest immediate re-design fixes.

Somervell

The final heuristic set is the one created in this work, as reported in Chapter 4. This set is tailored
specifically to large screen information exhibits, and thus would be the most specific method of
the three when targeting this type of system. It is based on specific levels of the critical parameters
associated with the LSIE system class.

In contrast to the other two sets, these heuristics are tuned to the unique challenges surround-
ing the development and use of LSIE systems. Application is straightforward, with less mental
interpretation from the evaluator. Describing problems should also be facilitated by focusing the
wordings on the artifacts in the design that cause or contribute to the problem. Evidence from
example application of these heuristics is provided in Chapter 6

Thus, we have a small spectrum of specificity with these three heuristic sets, ranging from the
generic to the specific. In line with previous research [56, 5], we hypothesize that the more specific
methods will produce “better” evaluation results. The following section describes the comparison
technique used and what we will use as a definition for “better”.

5.2.2 Comparison Technique

To determine which of the three sets is better suited for formative evaluation of large screen infor-
mation exhibits, we use a current set of comparison metrics that rely upon several measures of a
method’s ability to uncover usability problems through an evaluation. This technique is described
fully in [40]. A terse description of this method follows.

The comparison method we are using typically relies on five separate measures to assess the
utility of a given UEM for one’s particular needs, but we will only use a subset in this particular
comparison study. Hartson et al. report that thoroughness, validity, effectiveness, reliability, and
downstream utility are appropriate measures for comparing evaluation methods [40]. A subset of
these measures was used for this work due to data collection methods and relative worth of the
metric. Specifically, our comparison method capitalizes on thoroughness, validity, effectiveness,
and reliability, abandoning the downstream utility measure. This choice is used here because long-
term studies are required to illustrate downstream utility. Besides, application examples in Chapter
6 further illustrate the utility of the new method for providing re-design guidance and act as a
replacement.

Thoroughness

The first measure we will use thoroughness This measure gives an indication of a method’s
ability to uncover a significant percentage of the problems in a given system. Thoroughness con-
sists of a simple calculation of the number of problems uncovered by a single UEM divided by the
total number of problems found by all three methods.

# of problems found by target UEM

th h =
OTOUGINEss = of problems found by all methods




Jacob Somervell Chapter 5. Heuristic Comparison Experiment 62

Validity

Another measure, which relies on the same dataalglity. Validity refers to the ability of a
method to uncover the types of problems that real users would experience in day to day use of
the system, as opposed to simple or minor problems. Validity is measured as the number of real
problems found divided by the total number of real problems identified in the system.

# of problems found by target UEM
# of problems in the system

validity =

The number of real problems in the system refers to the problem set identified through some
standard method that is separate from the method being tested. Section 5.2.5 provides a description
of the problem sets used in this test.

Effectiveness

Effectivenesgombines the previous two metrics into a single assessment of the method. This
measure is calculated by multiplying the thoroughness score by the validity score.

effectiveness = thoroughness x validity

Reliability

Reliability is a measure of the consistency of the results of several evaluators using the method.
This is also sometimes referred to as inter-rater reliability. This measure is taken more as agree-
ment between the usability problem sets produced by different people using a given method. This
measure is calculated from tddferencesamong all of the evaluators for a specific system as well

as by the total number @igreementamong the evaluators, thus two measures are used to provide

a more robust measurement of the reliability of the heuristic sets:

reliabilityy; = difference among evaluators for a specific method

reliability, = average agreement among evaluators for a specific method

For calculating reliability, Hartson et al. recommend using a method from Sears [81] that de-
pends on the ratio of the standard deviation of the numbers of problems found by the average
number found [40]. This measure of reliability is overly complicated for current needs, thus a
more traditional measure that relies upon actual rater differences is used instead.

These measures are only part of what Hartson et al. provide in [40]. These and not other
measures from their work (e.g. downstream utility) are used because these measures are the most
prevalent among other UEM comparison studies [40, 21].

5.2.3 Systems

Three systems were used in the comparison study providing a range of applications for which each
heuristic would be used in an analytic evaluation. The intent was to provide enough variability in
the test systems to tease out differences in the methods. The following sections describe the three
systems used in this study.
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Source Viewer

One of these large screen systems is a local television station’s master control room. This room
provides quality control to the broadcasts before they leave the station and go to the transmission
antennas. The controller sits at a work station, surrounded by controls, video screens, and oscillo-
scopes. Mounted on the wall directly in front of this work station is a large screen display, upon
which there are 13 different video feeds, plus a clock. This large screen display, which we will call
the Source Viewer, helps the controller keep track of the programming for the day. The controller’s
main focus is upon the myriad video monitors and control devices at his work station, and he relies
upon the large screen for source switching.

The Source Viewer exists to provide surveillance-like information to the controller as he/she
makes sure the broadcast is correct and on schedule with the programming guidelines. To accom-
plish this task effectively, the controller must be able to quickly and easily see the information
from several different sources, and press buttons on the control panel to initiate changes on what is
transmitted through the broadcast antennas. See Figure 5.3 for a screenshot of the Source Viewer
and its layout.

The following scenario illustrates the setup and typical usage of the Source Viewer:

John, the control manager, must ensure that the appropriate breaks occur in the broad-
cast at specific times. This job is one of the most important in the station because he
controls what is broadcast over the antennas, and ultimately, what the end consumer
sees on his/her television set. The main aspect of this work involves switching among
sources to broadcast the required signal at the right times. Timed switches are trig-
gered mostly through audio cues, with some visual cues to add redundancy. However
it is paramount to understand exactly what will be broadcast from a particular source,
especially if that source is the one to be broadcast on the button press.

Hence, there is a large screen display to help John keep track of what is being broadcast
and what options he has for switching the signal. This screen shows the current signal
and up to 13 other sources that can be queued for switching at the touch of a button.
In addition, there is a digital clock to assist with timings. Each source has a label box,
positioned at bottom center. This label is opaque and thus obscures what is behind it.
The label can be removed but not moved within the source box.

This simple display provides invaluable information to John as he performs his duties.
He does not look at the display the whole time, but rather relies on audio and certain
visual cues to perform the source switching required in completing his tasks. He looks
at the display briefly before switching sources to ensure that the correct video feed is
broadcast at the correct times.

Why Source Viewer? The Source Viewer was chosen as a target system for this study because
we wanted an example of a real system that has been in regular use for an extended period. We
immediately thought of command and control situations. Potential candidates included local tele-
vision stations, local air traffic control towers, electrical power companies, and telephone exchange
stations. We finally settled on local television command and control after limited responses from
the other candidates.
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Figure 5.3: Layout of the Source Viewer large screen display at WDBJ 7 in Roanoke, VA.

We finally chose WDBJ 7 in Roanoke, VA as the target location because they were interested
in new technology and had a large screen system installed at their Roanoke broadcast station.
Furthermore, the president of the station was interested in public relations and wanted to be of
assistance to this research effort.

By using a local system, we are giving back to the community through improved usability in
a local television broadcast station, thereby increasing the quality in the broadcasts to the public.
We have the opportunity to show real impact in this work through improved system design for a
real world command and control situation.

Plasma Poster

The Plasma Poster [20] is a large screen program that runs on a situated plasma screen in different
locations within an organization. Typical installation locations include kitchen areas, hallways,
alcoves, atriums, and similar areas with high traffic. Information is posted to the Plasma Poster by
members of the organization. This information can include any type of content but is typically an-
nouncements of upcoming events or web page snippets of information that people find interesting
or amusing.

The intent of the display is to encourage information sharing and thus casual, unplanned inter-
actions among the organization members [20]. These types of interactions would typically occur
during break times but could occur at anytime. Users are often busy reading, editing, or working
and rely on the Plasma Poster for local updates.

Content is sent to the display in two ways; either through a web interface or through email. The
web interface is a standard submission style interface where a user types in relevant information
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and hits a submit button. The email interface is unusual in that the Plasma Poster has an email
address and you can send messages to it like it is a real person. Content is not posted from the
actual Plasma Poster itself, so a person cannot walk up to the display and add content.

People who post content have limited information (name, work location, etc.) about them also
posted at the bottom of the display. In addition, there is a cyclic list of upcoming posts. These
upcoming posts are the ones that will be displayed after the current wait cycle has expired. Thus,
the display automatically changes its content after a short time (about 30 seconds). At the very
bottom of the screen are controls for browsing through content, gaining details, and sending a post
to yourself via email.

The following scenarios describe the Plasma Poster and how it is typically used:

1. Elizabeth goes to the kitchen to get some coffee. She glances at the Plasma Poster
and sees a new announcement for an upcoming presentation by her friend on his recent
research effort. She goes over to the display and reads the date, time, and location of
the presentation and makes a mental note to write it down in her schedule.

2. Alex is walking down the hall to his office when he sees Kathy looking at the Plasma
Poster. He stops by and sees that she is viewing a posting from a mutual friend in the
building about an informal get together later in the week. He stops, asks her if she is
going, and they make plans to car-pool. He then remembers they have a meeting and
suggests they go over some information beforehand.

Why Plasma Poster? We wanted to include the Plasma Poster because it is one of very few
LSIE systems that has seen some success in terms of long term usage and acceptance. It has seen
over a year of deployment in a large research laboratory, with reports on usage and user feedback
reported in [20].

This lengthy deployment and data collection period provides ample evidence for typical us-
ability problems. We can use the published reports as support for our problem sets. Coupled with
developer feedback, we can effectively validate the problem set for this system.

Notification Collage

The Notification Collage [36] (NC) shows a variety of information on a large screen that looks like
a large wall. A full description can be found in Section 4.4.2.

Why Notification Collage? We chose the Notification Collage as the third system for several
reasons. First, we wanted to increase the validity of any results we find. By using more systems,
we get a better picture of the “goodness” of the heuristic sets, especially if we get consistent results
across all three systems. Secondly, we wanted to explicitly show that the heuristic set we created in
this work actually uncovered the issues that went into that creation process. In other words, since
the Notification Collage was one of the systems that led to this heuristic set, using that set on the
Notification Collage should uncover most of the issues with that system. Finally, we wanted to use
the Notification Collage out of the original five because we had the most developer feedback on
that system, and like the Plasma Poster, it has seen reasonable deployment and use.
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5.2.4 Hypotheses

At this point we need to specify exactly what we are looking to find in this experiment. We needed
to know about the systems we were testing, and the measurements we were using before we could
explicitly state any of our hypotheses. We have three main hypotheses to test in this experiment:

1. Somervell's set of heuristics has a higher validity score for the Notification Collage.
We believed this was true because the Notification Collage was used in the creation of
Somervell’s heuristics, thus those heuristics should identify most or all of the issues in the
Notification Collage.

2. More specific heuristics have higher thoroughness, validity, and reliability measures.
We felt this was true because more specific methods are more closely related to the systems
in this study. Indeed, from Chapter 3, we discussed how previous work suggests system-class
level heuristics would be best. This experiment illustrates this case for heuristic evaluation
of large screen information exhibits.

3. Generic methods require more time for evaluators to complete the studyThis seems
logical because a more generic heuristic set would require more interpretation and thought,
hence we felt that those evaluators who use Nielsen’s set would take longer to complete the
system evaluations, providing further impetus for developing system-class UEMSs.

5.2.5 Identifying Problem Sets

One problem identified in other UEM comparison studies involves the calculation of specific met-
rics that rely upon something referred to as the “real” problem set (see [40]). In most cases, this
problem set is the union of the problems found by each of the methods in the comparison study.
In other words, each UEM is applied in a standard usability evaluation of a system, and the “real”
problem set is simply the union of the problems found by each of the methods. There are issues
with this approach because there is no guarantee that the problems found by the UEMs are the
problems that would be experienced by real users in normal day to day activity with the system in
guestion.

This comparison study also faced the same challenge. Instead of relying on evaluators to
produce sets of problems from each method, then using the union of those problem sets as the
“real” problem set, analysis and testing was performed on the target syBefarehandand the
problem reports from those efforts were used to come up with a standard set of problems for each
system. Coupled with a new testing approach, this eliminated much of the variability inherent
in most UEM comparison studies that arises from having to read through problem reports and
deduce (perhaps erroneously) the intention of the evaluator. The following sections describe how
the problem sets were derived for use in this test. Descriptions of the actual testing methodology
start in Section 5.3.

Source Viewer Problem Set

To determine the problem sets experienced by the users of this system, a field study was conducted.
Two interviews with the users of the large screen system, as well as observation were conducted.
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This abbreviated field study produced some interesting insight into the usage and nature of the
large screen and how it impacted daily job activities.

The interviews were conducted over a two day period with the control manager at the news
station. They were informal in nature, and probed current usage of the large screen in supporting
daily work activity. These interviews were recorded, using both written note taking and digital
audio recordings. The digital recordings were then transcribed to allow for complete analysis, and
identification of usability problems.

Observations occurred during a 4 hour time period, split over 2 days. The observer stayed out
of the way, usually off to the side, and watched the people in the control room as they went about
their daily work. Notes on work context, situational context, and interactions with the large screen
were recorded. These observations served to provide evidence of the current usability issues that
the users encountered with the large screen display.

Field Study Results Concurrently with the field study, a claims analysis [15] was performed

on the Source Viewer. This analysis was based on typical usage context for the system, and was
intended to capture the typical usability issues with it. We used this format with all three systems
to ensure a common, easy to understand representation of the problem sets.

The claims analysis identified 11 claims, altogether covering about 30 tradeoffs with the Source
Viewer. These claims were then verified with the field study results. Each of the claims captures
a typical usability tradeoff in the design of the source viewer as reported from interviews with the
system users. This verification ensures that the problems we have in the claims analysis are indeed
a subset of the real problems that are experienced by the users of this system.

Plasma Poster Problem Set

Analytic evaluation augmented with developer feedback and literature review served as the method
for determining the real problem set for the Plasma Poster. We employed the same claims analysis
technique that we used in the creation process to identify typical usability tradeoffs for the Plasma
Poster. After identifying the usability issues, we asked the developers of the system to verify the
tradeoffs.

In all there were 14 tradeoffs for the Plasma Poster and most were validated by the lead de-
veloper of the system. In addition, we used the literature available on the Plasma Poster to verify
certain claims that represented behavior the developers could not recall or had not observed. Thus,
we used all 14 claims in the experiment.

Notification Collage Problem Set

To validate the problem set for the Notification Collage, we contacted the developers of the system
and asked them to check each tradeoff as it pertained to the behavior of real users. The developers
were given a list of the tradeoffs found in our claims analysis (from Chapter 4) and asked to verify
each tradeoff according to their observations of real user behavior. This problem set validation
insured that the problems we would be using in the test were at least a subset of the real problems
that users experienced in their daily use of the system.
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Method Ordering
Nielsen PSN| PNS| SNP
SPN| NPS| NSP

Berry PSN | PNS| SNP
SPN| NPS | NSP

Somervell| PSN| PNS | SNP
SPN| NPS| NSP

Table 5.1: Latin Square balanced ordering for the test setup used in the comparison study. P stands
for Plasma Poster, S stands for Source Viewer, and N stands for Notification Collage.

5.3 Testing Methodology

This experiment involves a 3x3 mixed factors design. We have three levels of heuristics (Nielsen,
Berry, and Somervell) and three systems (Source Viewer, Plasma Poster, and Notification Collage).
The heuristics variable is a between-subjects variable because each evaluator sees only one set of
heuristics. The system variable is within-subjects because each participant sees all three systems.
For example, evaluator 1 saw only Nielsen’s heuristics, but used those to evaluate all three systems.

We used a balanced Latin Square to ensure learning effects from system presentation order
would be minimized. Thus, we needed a minimum of 18 participants (6 per heuristic set) to
ensure coverage of the systems in the Latin Square balancing. Table 5.1 shows the presentation
order resulting from the balanced Latin Square. The first entry in the first column indicates which
system the participant would see first, second, and third; or in this case, Plasma Poster (P), Source
Viewer (S), then Notification Collage (N). We did not expect the system presentation order to
impact the study, but using the Latin Square ordering effectively eliminates any possible effects
from presentation order.

5.3.1 Participants

As shown in Table 5.1, we needed a minimum of 18 evaluators for this study. Twenty-one computer
science graduate students who had completed a course on Usability Engineering volunteered for
participation as inspectors. Six participants were assigned to each heuristic set, to cover each of
the order assignments. Three additional students volunteered and they were randomly assigned a
presentation order.

These participants all had knowledge of usability evaluation, as well as analytic and empirical
methods. Furthermore, each was familiar with heuristic evaluation. Some of the participants were
not familiar with the claim structure used in this study, but they were able to understand the tradeoff
concept immediately.

Unfortunately, one of the participants failed to complete the experiment. This individual ap-
parently decided the effort required to complete the test was too much, and thus filled out the
guestionnaire using a set pattern. For example, this participant answered the questions exactly the
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same for every claim, for all three systems. It is obvious that they did not look at or think about
the issue and the heuristic applicability, but chose to simply mark the circles as they saw fit. It was
only obvious after about 10 claims that the participant was simply marking the answers exactly the
same as on the previous sheet. As a result, we were forced to disregard this person’s answers and
data. This makes the final number of participants 20, with seven for Nielsen’s heuristics, seven for
Berry’s heuristics, and six for Somervell’s heuristics.

5.3.2 Materials

Each target system was described in one to three short scenarios, and screen shots were provided to
the evaluators. The goal was to provide the evaluators with a sense of the display and its intended
usage. This material is sufficient for the heuristic inspection technique according to Nielsen and
Mack [70]. This setup ensured that each of the heuristic sets would be used with the same material,
thereby reducing the number of random variables in the execution of this experiment.

A description of the heuristic set to be used was also provided to the evaluators. This descrip-
tion included a listing of the heuristics and accompanying text clarification. This clarification helps
a person understand the intent and meaning of a specific heuristic, hopefully aiding in assessment.
These descriptions were taken from [70] and [9] for Nielsen and Berry respectively.

Armed with the materials for the experiment, the evaluator then proceeded to rate each of the
heuristics using a 7-point Likert scale, based on whether or not they felt that the heuristic applied to
a claim describing a design tradeoff in the interface. Thus they are judging whether or not a specific
heuristic applies to the claim, and how much so. Marks of four or higher indicate agreement that the
heuristic applies to the claim, otherwise the evaluator is indicating disagreement that the heuristic
applies.

To fully understand this setup, one needs to understand the presentation used to provide the
evaluator with the necessary comprehension of a potential usability problem in the target system.
Instead of listing a specific problem in the interface, we used a claims analysis technique of show-
ing a design decision, along with its associated upside and downside tradeoffs. This presentation
format gets the evaluator to think about the claim (design decision) in terms of the rationale behind
it, as well as the potential negative results of using that design decision. This format allows the
evaluator to make their own judgment as to whether a particular heuristic would apply to the issue
described in the claim. Another way to think of this would be that the evaluator speculates as to
whether a heuristic would lead to the discovery of the issue in the claim (if the claim had not been
presented to the evaluator). He or she then indicates how much they think a heuristic applies to the
claim by marking the corresponding point on the Likert scale.

5.3.3 Questionnaire

As mentioned earlier, the evaluators in this experiment provided their feedback through a Likert
scale, with agreement ratings for each of the heuristics in the set. In addition to this feedback, each
evaluator also rated the claim in terms of how much they felt it actually applied to the interface
in question. By indicating their agreement level with the claim to the interface, we get feedback
on whether usability experts actually think the claim is appropriate for the interface in question.
This feedback helps us in identifying the issues that truly seem to apply to the interface, according
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to multiple experts. They provided this claim applicability feedback before rating the heuristics.
Appendix G provides a copy of the questionnaire.

After rating each of the heuristics for the claims, we also asked each evaluator to rank the
severity that the claim would hold, if the claim were indeed a usability problem in the interface.
This question asked the evaluators to rely on their expertise in usability evaluation in order to rank
the claim as a usability problem. Rankings ranged from “no problem” to “most severe”, with
the latter indicating the problem must be fixed and the former indicating that the claim does not
represent a usability issue in the interface.

5.3.4 Measurements Recorded

The data collected in this experiment consists of each evaluator’s rating of the claim applicability,
each heuristic rating for an individual claim, and the evaluator’s assessment of the severity of the
usability problem. This data was collected for each of the thirty claims across the three systems.

In addition to the above measures, we also collected data on the evaluator’'s experience with
usability evaluation, heuristics, and large screen information exhibits. This evaluator information
was collected through survey questions before the evaluation was started.

After the evaluators completed the test, they recorded the amount of time they spent on the
task. This was a self reported value as each evaluator worked at his/her own pace and in their own
location.

Data collection was done through pen and paper. Each claim was presented on a single sheet
of paper, along with the questions about the applicability of the claim to the interface and the
severity of the problem. In addition, each of the heuristics was listed on the same sheet, adjacent
to the claim. This setup allowed the evaluator to consider the claim for each of the heuristics and
subsequently rate how much they felt the heuristic applied to the claim. As mentioned earlier, each
heuristic was rated on a 7-point Likert scale, indicating the evaluators level of agreement that the
heuristic applied to the claim. Agree ratings meant that the heuristic somehow related to the issue
in the claim, through the associated upside or downside tradeoffs. Disagree ratings meant that the
heuristic did not really relate to the claim.

5.4 Results

Twenty-one evaluators provided feedback on 33 different claims across three systems. Each eval-
uator ended up providing either 10 or 12 question responses per claim, depending on the heuristic
set used (Nielsen’s set has 10 in it, whereas the others only have 8). This means we have either 330
or 396 answers to consider, per evaluator. Fortunately, this data was separable into manageable
chunks, dealing with applicability, severity, and heuristic ratings; as well as evaluator experience
levels and time to complete for each method.

5.4.1 Participant Experience

As for individual evaluator abilities, the average experience level with usability evaluation, across
all three systems, was “amateur”. This means that overall, for each heuristic set, we had com-
parable experience for the evaluators assigned to that set. This feedback was determined from a
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Participant Set Usability Heuristic LSIE
1 Nielsen expert amateur novice
2 Nielsen expert amateur amateur
3 Nielsen expert expert novice
4 Nielsen amateur amateur novige
5 Nielsen  amateur amateur novige
6 Nielsen  amateur novice  novice
7 Nielsen expert  amateur novice
8 Berry amateur  novice novice
9 Berry expert amateur novice
10 Berry expert amateur  novice
11 Berry amateur  expert novice
12 Berry amateur amateur novice
13 Berry expert amateur  expert
14 Berry expert amateur amateur
15 Somervell expert amateur amateur
16 Somervell amateur amateur novice
17 Somervell amateur amateur novice
18 Somervell amateur amateur novice
19 Somervell amateur amateur novice
20 Somervell amateur amateur novice

Table 5.2: Evaluator experience with usability evaluation. Amateur means they had knowledge
of usability evaluation and had performed at least one such evaluation. Novice means that the
evaluator was only familiar with the concept of usability evaluation. Expert means the evaluator

had performed two or more evaluations.

guestion asking the evaluator to rate his/her experience with usability evaluation. They answered
the question with either novice, amateur, or expert. This answer was then coded witha 1, 2, or 3 so
that averages and standard deviations could be taken. Table 5.2 lists the self-reported experience
level for each evaluator, with their assignments to the systems. Thus, we are confident that the
overall usability evaluation experience levels of the evaluators was equal or near equal across the
three heuristic sets.

What about experience with heuristic evaluation or experience with large screen information
exhibits? Feedback on these questions was given as responses to similar questions as the usabil-
ity evaluation experience. Again, evaluators gave their self-assessment rating of their experience
level with heuristic evaluation and with large screen information exhibits. Table 5.2 gives the
ratings of each evaluator. Heuristic experience was equal or near equal across all three heuristic
sets. Experience with large screen information exhibits was likewise equal or near equal. Figure
5.4 provides a summary of the evaluators’ experience levels with respect to usability evaluation,
heuristic evaluation, and large screen information exhibits by system.
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Figure 5.4: Summary of evaluator experience with usability evaluation, heuristic, evaluation, and
large screen information exhibits.

5.4.2 Applicability Scores

To indicate whether or not a heuristic set applied to a given claim (or problem), evaluators marked
their agreement with the statement “the heuristic applies to the claim”. This agreement rating
indicates that a specific heuristic applied to the claim. Each of the heuristics was marked on a 7-
point Likert scale by the evaluators, indicating his/her level of agreement with the statement.

Using this applicability measure, the responses were averaged for a single claim across all of
the evaluators. Averaging across evaluators allows assessment of the overall “applicability” of the
heuristic to the claim. This applicability score is used to determine whether any of the heuristics
applied to the issue described in the claim. If a heuristic received an “agree” rating, average greater
than or equal to five, then that heuristic was thought to have applied to the issue in the claim.

Overall Applicability

Considering all 33 claims together (found in all three systems), one-way analysis of variance
(ANOVA) indicates significant differences among the three heuristic sets for applicabil@y&55) =

3.0, MSE = 49.7, p < 0.05). Further pair-wise t-tests reveal that Somervell’s set of heuristics had
significantly higher applicability ratings over both Berryd (= 526,t = 3.32,p < 0.05) and
Nielsen’s setsdf = 592,¢t = 11.56,p < 0.05). In addition, Berry’'s heuristics had significantly
higher applicability scores over Nielsen’s séf & 592,¢t = 5.94,p < 0.05). Table 5.3 provides
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Anova: Single Factor
SUMMARY

Groups Count Sum Average Variance
Berry 264 1056.831 4.003148 1.441069
Nielsen 330 1150.933 3.48/677 0.836816
Somervell 264 1133.033 4.291/793 0.5500/0

ANOVA

Source of Varation 55 af MsS F P-value Fcrt
Between Groups 99.40269 2 4970134 53.18589 | 1./E22 3.006249
Within Groups 798.9835 855 0.934484
Total 8983862 857

Table 5.3: Summary of ANOVA for overall applicability. This includes all 33 claims from the
three systems.

the ANOVA summary.

Plasma Poster

Somervell's heuristics had the highest applicability scores of the three sets. One-way analysis
of variance (ANOVA) indicates a significant difference in scores for the three heuristic sets for
each of the systemd(2,361) = 3.02, MSE = 34.16,p < 0.05 for Plasma Poster). Pairwise
t-tests indicate that Somervell's heuristics have significantly higher applicability scores over both
Nielsen's (f = 250,t = 10.33,p < 0.05) and Berry’s setsdf = 222,t = 3.30,p < 0.05).
Similarly, Berry’s set was rated significantly higher than Nielsen’s getf 250,t = 4.75,p <

0.05). Thus, Somervell’'s heuristics have the highest applicability for the Plasma Poster. Figure 5.5
shows the applicability scores for the three heuristic sets for the Plasma Poster.

Notification Collage

Similar analysis for the Notification Collage yields slightly different results. One-way ANOVA
indicates significant differences across the three heuristic $&%& 105) = 13.93, MSE =
12.77,p < 0.05). Pairwise t-tests show that both Somervell's and Berry’s heuristics have sig-
nificantly higher applicability scores over Nielsen’s séf (= 142,t = 5.14,p < 0.05 and

df = 142,t = 3.80,p < 0.05 respectively). However, there was no significant difference be-
tween the applicability scores for Somervell's and Berrgs€ 126,¢ = 0.76, p = 0.44). Figure

5.5 shows this graphically.
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Figure 5.5: Applicability scores for each heuristic set by system.

Source Viewer

Source Viewer analysis is similar to the other two systems. One-way ANOVA indicates significant
difference in applicability scores for the three heuristic s€12(283) = 6.96), MSE = 7.0,p <

0.05). However, we only find significant differences from t-tests for Somervell’s compared to
Nielsen’s, with Somervell’'s significantly highedf( = 196,t = 4.42,p < 0.05). T-tests do not
indicate significance between Somervell and Bedly £ 174,t = 1.4,p = 0.16) nor between
Berry and Nielsendf = 196,¢t = 1.94, p = 0.05). Figure 5.5 summarizes these results.

5.4.3 Thoroughness

Recall that thoroughness is measured as the number of problems found by a single method, divided
by the number uncovered by all of the methods. This requires a breakdown of the total number
of claims into the numbers for each system. Plasma Poster has 14 claims, Notification Collage
has eight claims, and the Source Viewer has 11 claims. We look at thoroughness measures for
each system. To calculate the thoroughness measures for the data we have collected, we count the
number of claims “covered” by the target heuristic set. Here we are defining covered to mean that
at least one of the heuristics in the set had an average agreement rating of at least five. Why five?
On the Likert scale, five indicates somewhat agree. If we require that the average score across all
of the evaluators to be greater than or equal to five for a single heuristic, we are only capturing
those heuristics that truly apply to the claim in question.

Overall Thoroughness

Across all three heuristic sets, 28 of 33 claims had applicability scores higher than five. Somervell's
heuristics had the highest thoroughness rating of the three heuristic sets with 96% (27 of 28 claims).
Berry’s heuristics came next with a thoroughness score of 86% (24 of 28) and Nielsen'’s heuristics
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had a score of 61 (17 of 28)

Test of proportion$ reveals significant differences between Somervell’'s heuristics and Nielsen’s
heuristics £ = 3.26,p = 0.001). Berry’s heuristics also showed significance when compared
to Nielsen’s heuristicsz( = 2.11,p = 0.04). No significant difference was found between
Somervell's heuristics and Berry’s heuristies=£ 1.41, p = 0.16)

The following subsections detail the thoroughness scores as broken down for each of the three
systems.

Plasma Poster

With 14 claims, the Plasma Poster had the highest number of issues of the three systems. Across all
three heuristic sets, 11 of 14 issues were covered. In other words, if we take the number of issues
covered (average ratings higher than 5 for at least one heuristic) by all three heuristic sets, we
come up with a total of 11. Somervell's heuristics applied to the most problems, with 11, Berry’s
heuristics were next with eight, and Nielsen’s heuristics applied to three. So for thoroughness,
this means that Somervell’s heuristics had a thoroughness rating of 100%, Berry’s heuristics had
a rating of 73%. and Nielsen’s heuristics had a thoroughness rating of 27%. Figure 5.6 shows the
thoroughness scores for all three heuristic sets.

Test of proportions reveals significant differences between Somervell’s heuristics and Nielsen’s
heuristics £ = 3.55,p < 0.05). Berry’s heuristics also showed significantly higher thorough-
ness over Nielsen’s set (= 2.13,p = 0.03). No significant differences were found between
Somervell’s heuristics and Berry’s heuristies= 1.86, p = 0.06).

Notification Collage

The Notification Collage had the least number of claims of the three systems with eight. Across
all three heuristic sets, seven of these claims were covered. Nielsen’s heuristics applied to six
of the eight claims, yielding a thoroughness score of 86%. Berry’s heuristics also applied to six
of the eight claims, with an 86% thoroughness score. Somervell’s heuristics applied to seven
claims, hence it received a thoroughness score of 100%. Figure 5.6 shows these scores. Test of
proportions reveals no significant differences in thoroughness scores among the three heuristic sets
for the Notification Collage.

Source Viewer

The Source Viewer had 11 claims associated with it. Of these, 10 were determined to have applica-
bility from across the three heuristic sets. Somervell's heuristics applied to nine of those 10 issues,
for a thoroughness rating of 90%. Nielsen’s heuristics applied to eight, for a thoroughness score of
80%. Berry’s heuristics applied to 10 of the 10 claims, for a thoroughness score of 100%. Again,
these scores are shown in Figure 5.6. Test of proportions indicates no significant differences in
thoroughness scores for the Source Viewer.

1Test of proportions is an accepted statistical test for determining significant differences between proportions [49].
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Figure 5.6: Thoroughness scores for each method and system.
5.4.4 Validity

Validity measures the UEM'’s ability to uncover real usability problems in a system [40]. Here the
full set of problems in the system is used as the real problem set (as discussed in earlier sections).
As with thoroughness, the applicability scores determine the validity each heuristic set held for
the three systems. As before, we used the cutoff value of five on the Likert scale to indicate
applicability of the heuristic to the claim. An average rating of five or higher indicates that the
heuristic applied to the claim in question.

Overall Validity

Similar to thoroughness, validity scores were calculated across all three systems. Out of 33 to-
tal claims, only 28 showed applicability scores greater than five across all three heuristic sets.
Somervell's heuristics had the highest validity, with 27 of 33 claims yielding applicability scores
greater than five, for a validity score of 82%. Berry’s heuristics had the next highest validity with
24 of 33 claims, for a validity score of 73%. Nielsen'’s heuristics had the lowest validity score, with
17 of 33 claims for a score of 52%.

Test of proportions reveals significant differences between Somervell’s heuristics and Nielsen’s
heuristics £ = 2.61,p = 0.01). No significant differences were found between Berry’s heuristics
and Nielsen’s heuristics: (= 1.78,p = 0.08), nor between Somervell’s heuristics and Berry’s
heuristics £ = 0.88, p = 0.38).

The following subsections provide details on the breakdown in validity scores across the three
systems.
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Plasma Poster

Recall that Plasma Poster had 14 claims in the real problem set. Nielsen’s heuristics applied to
three of the 14 issues in the Plasma Poster, thus yielding a validity score of 21%. Berry’s heuristics
applied to eight of the 14, for a validity score of 57%. Somervell’'s heuristics applied to 11 of
the 14, for a validity score of 79%. These scores are in alignment with what was found in the
thoroughness measures. Figure 5.7 provides a graphical view of these scores.

Test of proportions reveals significant differences in validity between Somervell’s heuristics
and Nielsen’s heuristics:(= 3.02,p < 0.05). However, no significant differences were found
between Somervell’s heuristics and Berry’'s heuristics=(1.21, p = 0.22) nor between Berry’s
heuristics and Nielsen'’s heuristics € 1.93, p = 0.05).

Notification Collage

The general trend reported in the Plasma Poster was also found in the Notification Collage. Nielsen’s
heuristics applied to six of the eight issues with the system, giving it a validity score of 75%.
Berry’s heuristics also applied to six of the eight issues, with a validity score of 75%. Somervell’s
heuristics performed best, applying to seven of the eight issues, yielding a validity score of 88%.
See Figure 5.7 for a graphical comparison of these scores. Test of proportions does not indicate
significant differences in these validity scores.

Source Viewer

As with the thoroughness measure, validity did not follow the pattern observed so far. Nielsen’s
set of heuristics applied to eight of the 11 claims, producing a validity score of 73%. Berry’'s set
applied to 10 of the 11 issues, giving that set a validity score of 91%. Somervell’s only applied to
nine of the 11 issues, with a validity score of 82%. Figure 5.7 gives a graphical depiction of these
scores. Test of proportions indicates no significant differences in these scores.

5.4.5 Effectiveness

Effectiveness is calculated by multiplying thoroughness by validity. UEMs that have high thor-
oughness and high validity will have high effectiveness scores. A low score on either of these
measures will reduce the effectiveness score.

Overall Effectiveness

Considering the effectiveness scores across all three systems reveals that Somervell’'s heuristics
had the highest effectiveness with a scoré)GD. Berry’s heuristics came next with a score of
0.62. Nielsen’s heuristics had the lowest overall effectiveness with a scér8 of

Plasma Poster

For the Plasma Poster, Somervell's heuristics had the highest effectiveness 8G@)eBerry’s
had the next highest effectiveness scor¢l), and Nielsen’s heuristics had the lowest effectiveness
score ().06). Figure 5.8 provides a graphical depiction.
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Figure 5.7: Validity scores for the three heuristics sets for each system.

Notification Collage

As expected, Somervell's heuristics had the highest effectiveness scores for the Notification Col-
lage (.88). Berry’s heuristics and Nielsen’s heuristics had the same effectiveness @édjd<gee
Figure 5.8].

Source Viewer

As observed in the thoroughness and validity measures, Berry’s heuristics also had the highest
effectiveness score for the Source VieweB{). Somervell’s heuristics had the next highest ef-
fectiveness scord)(74). Nielsen’s heuristics had the lowest effectiveness sabig), Figure 5.8

shows the effectiveness scores for the Source Viewer.

5.4.6 Reliability — Differences

Recall that the reliability of each heuristic set is measured in two ways: one relying upon the
actual differences among the evaluators, the other upon the average number of agreements among
the evaluators. Here we focus on the former. For example, Berry’s set has eight heuristics, so
consider calculating the differences in the ratings for the first heuristic for the first claim in the
Plasma Poster. This difference is found by subtracting the ratings of each evaluator from every
other evaluator and summing up each of the differences, then dividing by the number of differences
(or the average difference). Suppose that an evaluator rated the first heuristic with a 6 (agree) and
another rated it as a 4 (neutral) and a third rated it as a 5 (somewhat agree). The difference in this
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Figure 5.8: Effectiveness scores for each system. Somervell’s heuristics had consistently high
effectiveness.

particular instance would be:

(6—4)+(6—5)+(5—4)
3

We then averaged the differences for every heuristic on a given claim to get an overall difference
score for that claim, with a lower score indicating higher reliability (zero difference indicates com-
plete reliability). These average differences provide a measure for the reliability of the heuristic
set.

=1.33

Overall Reliability Differences

Considering all 33 claims across the three systems gives an overall indication of the average
differences for the heuristic sets. One-way ANOVA suggests significant differences among the
three heuristic setsf{(2,23) = 23.02, MSE = 0.84,p < 0.05). Pair-wise t-tests show that
Somervell's heuristics had significantly lower average differences than both Berry’s heuristics
(df = 14,t = 4.3,p < 0.05) and Nielsen’s heuristicsl{ = 16,¢t = 6.8,p < 0.05). No sig-
nificant differences were found between Berry’s heuristics and Nielsen’s heurifties 16,t =

1.43,p = 0.17), but Berry’s set had a slightly lower average differentg;(= 2.02, SDg = 0.21;

My = 2.14,SDy = 0.13). Figure 5.9 shows the overall average evaluator differences for the
three heuristic sets.

Plasma Poster

Focusing on the Plasma Poster, one-way analysis of variance (ANOVA) suggests significant differ-
ences in the reliability of the three heuristic sef§%, 23) = 21.7, MSE = 0.83,p < 0.05). Fur-
ther pairwise t-tests show that Somervell’s set had the lowest average diffeténed (58, SD =
0.23), with significance at ther = 0.05 level over the other two methodgf[= 16,t = 6.5,p <
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Figure 5.9: Overall average evaluator differences for each heuristic set, with standard deviation
error bars. Somervell's heuristics had the lowest average difference, which means that set had
better reliability when considering all of the claims across the three systems.

0.05 for Nielsen's set {/ = 2.18,SD = 0.16) anddf = 16,t = 1.85,p = 0.08 for Berry’s

(M = 2.02,SD = 0.20)]. Berry’s set also showed significance over Nielsen’s set (djfth=

26,t = 15.24,p < 0.05). So for the Plasma Poster, Somervell's heuristics had the lowest average
difference. See Figure 5.10 for a graphical representation.

Notification Collage

One-way ANOVA on the average differences of the three heuristic sets for the Notification Collage
indicates significant difference$'(2,23) = 7.03, MSE = 0.44,p < 0.05). Using pairwise t-
tests, Somervell’s set holds significantly higher reliabilify (= 1.65,SD = 0.29) over both
Nielsen's (M = 2.062,SD = 0.26) and Berry’s ({ = 2.058, SD = 0.18) with df = 16,t =
3.06,p = 0.01 for Nielsen andif = 14,t = 3.29,p = 0.01 for Berry. Berry’s heuristics and
Nielsen’s heuristics had very similar reliability ratings and there is no significant difference in
reliability between these two heuristic set$ & 16,t = 0.04,p = 0.97). See Figure 5.10 for a
graphical representation.

Source Viewer

One-way ANOVA suggests significant differences in reliability of the three heuristic sets for the
Source Viewer'(2,23) = 17.78, MSE = 1.22,p < 0.05). Further analysis using pairwise t-tests
reveals that Somervell’'s heuristics had significantly lower average differefifes (.42, SD =

0.08) than both Nielsen’'sX/ = 2.14,SD = 0.03) and Berry’s ({ = 2.0,SD = 0.10) sets

(with df = 16,t = 6.48,p < 0.05 for the former andif = 14,t = 3.78,p < 0.05 for the
latter). T-tests do not show significant differences between Nielsen’s and Berry’'s heuristic sets
(df =16,t =1.16,p = 0.26). Figure 5.10 provides a graphical summary of the reliability scores.
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Figure 5.10: Average difference scores for each method by system. Lower differences indicate
higher reliability.

5.4.7 Reliability — Agreement

In addition to the average differences, a further measure of reliability was calculated by counting
the number of agreements among the evaluators, then dividing by the total number of possible
agreements. This calculation provides a measure of the agreement rating for each heuristic. For
example, consider the previous three evaluators and their ratings (6, 5, and 4). The agreement
rating in this case would be:

agreement = g =0
because none of the evaluators agreed on the rating, but there were potentially three agreements (if
they had all given the same rating). Averages across all of the claims for a given system were then
taken. This provides an assessment of the average agreement for each heuristic as it pertains to a
given system.

Overall Agreement

Taking all 33 claims into consideration, one-way ANOVA indicates significant differences among
the three heuristic sets for evaluator agreeméii(23) = 6.31, M SE = 0.01,p = 0.01). Pair-

wise t-tests show that both Somervell’'s heuristics and Berry’s heuristics had significantly higher
agreement than Nielsen’s seff (= 16, = 2.99,p = 0.01 anddf = 16,t = 3.7,p < 0.05
respectively). No significant differences were found between Somervell's and Berry’s heuristics
(df = 14,t = 0.46,p = 0.65). Figure 5.11 shows the average evaluator agreement for each
heuristic set across all three systems.
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Figure 5.11: Overall average evaluator agreement for the three heuristic sets. Error bars represent
one standard deviation from the means. Somervell’s set had the best evaluator agreement, whereas
Nielsen’s set had the least.

Plasma Poster

One-way ANOVA for agreement on the Plasma Poster suggests significant difference among the
three heuristic setsF{(2,23) = 4.58, MSE = 0.01,p = 0.02). Pair-wise t-tests show that
Somervell's heuristicsN/ = 0.22, SD = 0.07) had significantly higher agreement ratings than
Nielsen’s heuristics/ = 0.17, SD = 0.03) with df = 16,¢t = 2.17,p < 0.05. Berry’s heuristics

also held higher agreement ratingd (= 0.23, SD = 0.03) with df = 16,¢t = 4.23,p < 0.05.

No significant differences were found between Somervell’s heuristics and Berry’s heuristics. See
Figure 5.12 for graphical depiction.

Notification Collage

One-way ANOVA for agreement on the Notification Collage does not reveal significant difference
among the three heuristic sefs(@, 23) = 2.82, MSE = 0.01,p = 0.08). However, Somervell's
heuristics had a slightly higher average agreement tate=( 0.21, SD = 0.06) over Nielsen’s

(M = 0.16,SD = 0.04) and Berry’s ({ = 0.21,SD = 0.03). Figure 5.12 shows a graphical
representation.

Source Viewer

One-way ANOVA for agreement on the Source Viewer suggests significant difference among the
three heuristic setsf{(2,23) = 6.81, MSE = 0.021,p < 0.05). Pair-wise t-tests show that
Somervell's heuristicsN/ = 0.26, SD = 0.0.07) had significantly higher agreement ratings than
Nielsen’s heuristicsX/ = 0.16, SD = 0.04) with df = 16,t = 3.56, p < 0.05. Berry’s heuristics

also held significantly higher agreement ratings & 0.23, SD = 0.03) over Nielsen’s set, with
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Figure 5.12: Evaluator agreements for the three heuristic sets, shown by system. Note that
Somervell’s heuristics had consistently high evaluator agreement across all three systems.

df =16,t = 2.62,p = 0.02. No significant differences were found between Somervell’'s heuristics
and Berry’s heuristics. Figure 5.12 shows these findings.

5.4.8 Time Spent

Recall that we also asked the evaluators to report the amount of time (in minutes) they spent
completing this evaluation. This measure is valuable in assessing the cost of the methods in terms
of effort required. It was anticipated that the time required for each method would be similar across
the methods.

Averaging reported times across evaluators for each method suggests that Somervell’'s set re-
quired the least amount of tim@/{ = 103.17, SD = 27.07), but one-way ANOVA reveals no
significant differencesK(2,17) = 0.26,p = 0.77). Berry’s set required the most timé/( =
119.14, SD = 60.69) while Nielsen’s set{/ = 104.29, SD = 38.56) required slightly more than
Somervell’'s. Figure 5.13 provides a graphical representation of these times.

5.5 Discussion

So what does all this statistical analysis mean? What do we know about the three heuristic sets?
How have we supported or refuted our hypotheses through this analysis? We address these ques-
tions in the following sections.

5.5.1 Hypotheses Revisited

Recall that we had three hypotheses for this experiment:
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Figure 5.13: Average time to complete evaluations with each heuristic set.

1. Somervell's set of heuristics will have a higher validity score for the Notification Col-
lage.

2. More specific heuristics will have higher thoroughness, validity, and reliability mea-
sures.

3. Generic methods will require more time for evaluators to complete the study.

We discuss the statistical analysis in terms of these three hypotheses in the following sections.

Hypothesis 1

For hypothesis one, we discovered that Somervell’s heuristics indeed held the highest validity
score for the Notification Collage (see Figure 5.7). However, this validity score was not 100%,
as was expected. What does this mean? It simply illustrates the difference in the evaluators who
participated in this study. They did not think that any of the heuristics applied to one of the claims
from the Notification Collage. Although, it can be noted that the applicability scores for that
particular claims were very close to the cutoff level we chose for agreement (that being 5 or greater
on a 7-point scale). Still, evidence suggests that hypothesis 1 holds.

Implications Since Somervell's set had the highest validity of the three heuristic sets for the
Notification Collage, we have further validation of that set. Why? In the creation process (Chapter
4) we used the Notification Collage as input. It seems logical that the heuristic set developed in
that effort should find most or all of the problems with one of the systems used in that creation
process. We found evidence of this case in this study. Had Somervell’s method not produced the
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highest validity score for the Notification Collage, one could raise questions about the soundness
of Somervell's set of heuristics. As it stands, we have verified that Somervell’s method works on
at least a subset of the systems from which it came: a kind of validation of the method and the
heuristics.

Hypothesis 2

We find evidence to support this hypothesis based on the scores on each of the three measures:
thoroughness, validity, and reliability. In each case, more specific methods had the better ratings
over Nielsen’s heuristics for each measure. Overall one could argue that Somervell’s set of heuris-
tics is most suitable for evaluating large screen information exhibits, but must concede that Berry’s
heuristics could also be used with some effectiveness.

Specifically, the Source Viewer results suggest that there was a slight turn around in the other-
wise consistent trend observed in the methods. For this system, we found that Berry’s heuristics
actually applied to more of the claims than both Somervell’s and Nielsen’s heuristics. Although we
cannot be entirely sure why this anomaly was observed, it does not weaken the hypothesis much
because the statistical differences were not significant. Possible reasons why this anomaly occurred
could be due to evaluator differences, the actual problems for that particular system, or even the
nature of problem collection. Since the differences were not significant, post-facto analysis can
only suggest a possible cause, and it does not impact the overall findings of this work.

It should be noted that even though Somervell’s heuristics came behind Berry’s set for the
Source Viewer in terms of thoroughness, validity, and effectiveness; Somervell’s heuristics had
better reliability, both in terms of evaluator differences, and evaluator agreement. So, even though
Berry’s heuristics had higher thoroughness and validity for the Source Viewer, Somervell's heuris-
tics were very close and had higher reliability for that system. This allows us to claim that
Somervell’'s heuristics are best suited for the LSIE system class.

Implications This result is by far the most compelling. We have shown through rigorous test-
ing that Somervell's method is the best heuristic choice for evaluating large screen information
exhibits. Coupled with the validation results from Chapter 6, we show that this method is both
easy to use in analytic evaluations of these systems, as well as effective (in terms of thoroughness,
reliability, and validity) at finding usability problems.

In other words, for a given system class, it is worthwhile and useful to create an evaluation
method that is tailored to the goals of that system class, yet is still generic enough to apply to many
systems within that class. This finding does not contradict efforts from Mankoff et al. [56] and
Baker et al. [5] in which they have shown that similar evaluation tools, corresponding to system-
class specificity, actually perform better than generic sets.

Hypothesis 3

We did not find evidence to support this hypothesis. As reported, there were no significant differ-
ences in the times required to complete the evaluations for the three methods. However, Somervell’s
and Nielsen’s sets took about 15 fewer minutes, on average, to complete. This does not indicate
that the more generic method (Nielsen’s) required more time. So what would cause the evalua-
tors to take more time with Berry’s method? Initial speculation would suggest that this set uses
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terminology associated with Notification Systems [62] (see Figure 5.2 for listing of heuristics), in-
cluding reference to the critical parameters of interruption, reaction, and comprehension, and thus
could have increased the interpretation time required to understand each of the heuristics.

Implications  Since we did not find any statistical differences in the amount of time required to
complete the evaluation with each of the three heuristic sets, we cannot claim that one method is
more cost effective over the other methods (with respect to time spent). This is unfortunate, as it
would have been compelling to have Somervell’s method also the one to require the least amount
of time. While on average, Somervell’s method did have the lowest time, Nielsen’s method on
average only required about 1 minute longer. This difference is negligible.

Itis encouraging however, that both Berry’s and Somervell’s methods required similar amounts
of time to that of Nielsen’s. As mentioned before, Nielsen’s method has been around for almost
20 years and has seen extensive use and analysis. Therefore it is promising that the more specific
methods do not require significantly more time when used in an analytic evaluation; suggesting
that these more specific methods could reach acceptance levels comparable to Nielsen’s.

5.5.2 Other Discussion and Implications

In addition to the insight provided through analysis of the hypotheses, we can also discuss some of
the caveats and limitations of this experiment and its findings, in terms of how it can impact and
support various groups, including usability professionals and UEM researchers.

Implications for Usability Specialists

This study has shown that system-class specific UEMs are desirable for formative usability evalua-
tion. What this implies for evaluators, especially for those who are evaluating notification systems,
is that some up-front effort should be expended for developing a set of tools that can be reused in
multiple evaluations of similar systems.

Somervell’s heuristics are an example of this level of specificity. They are tailored to the user
goals associated with the LSIE system class, yet are applicable across multiple systems within that
class. The other areas of the notification systems design space are other potential system classes
that could benefit from tailored UEM development.

For example, consider the secondary display system class. These interfaces try to support rapid
reaction to and high comprehension of information, while simultaneously being non-interruptive.
A major news agency like CNN or Fox News would be highly interested in providing the most
effective designs for their tickers and faders. If they had tailored heuristics to help evaluate their
designs, they could maximize utility while minimizing cost. Each of the other system classes de-
scribed by the notification design space could have a tailored UEM, thus improving the evaluation
phases of notification system design.

Implication for UEM Researchers

This work has illustrated a new approach to UEM comparison. Instead of relying upon evaluators
to produce disjoint problem reports which UEM researchers must then interpret, we have suggested
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an alternative approach that strengthens consistency and eliminates some of the ambiguity inherent
in UEM comparison studies.

This is achieved through a setup that requires the UEM researcher to provide a real problem
set up front, to each of the evaluators, instead of trying to derive the set from the comparison test
results. There are several advantages to this approach. Obviously, we can eliminate the ambiguity
that arises from the inspector trying to interpret the problem reports from the system evaluators.
Secondly, by using the same set of problems for each evaluator, we have tighter control of the ex-
perimental conditions. Lastly, by having the evaluators concentrate on the system and the targeted
UEM instead of writing out problem descriptions, they can provide more robust analysis and give
more reliable answers.

Furthermore, this particular setup allows for easy calculation of the desired metrics (thorough-
ness, validity, etc.). By using the structured presentation and data collection methods employed
here, UEM researchers can quickly and easily calculate all of the metrics included in the Hartson
et al. technique. A spreadsheet program or database application can easily perform the necessary
calculations.

One other advantage to this setup is that it can be somewhat automated by connecting to a
database of design knowledge. UEM researchers would be able to import design problems or
claims from a database, as well as heuristics (if comparing heuristics). This would allow for rapid
creation of multiple tests across different systems and UEMs. Efforts to support this are ongoing,
as reported in [17].

This could be especially important for large companies that produce or focus on one type of
system. Leveraging a new evaluation mechanism, like heuristics, could prove time consuming if a
new evaluation has to be created for every system to be tested. Having an automated platform can
facilitate multiple, rapid evaluation setup, execution, and data collection.

5.6 Summary

We have described an experiment to compare three sets of heuristics, representing different levels
of generality/specificity, in their ability to evaluate three different LSIE systems. Information on
the systems used, test setup, and data collection and analysis has been provided. This test was
performed to illustrate the utility that system-class specific methods provide by showing how they
are better suited to evaluation of interfaces from that class. In addition, this work has provided
important validation of the creation method used in developing these new heuristics.

We have shown that a system-class specific set of heuristics provides better thoroughness,
validity, and reliability than more generic sets (like Nielsen’s). The implication being that without
great effort to tailor these generic evaluation tools, they do not provide as effective usability data
as a more specific tool.

While this experiment makes a compelling case for system-class specific UEMs, further vali-
dation of the actual heuristics is required to ensure faith in the creation method. Efforts to achieve
this validation are described in the next chapter.



Chapter 6

Heuristic Application

This chapter reports on efforts to illustrate the utility and usefulness of the heuristic sets created
through the development process reported in Chapter 4. While they were created from inspection
of five example large screen information exhibits, and experimentally shown to be as good as or
better than other heuristics, these heuristics need to be validated in the sense that the method is
usable in evaluation efforts.

By using these heuristics in real system development efforts, we gain insight into the effec-
tiveness and utility of this UEM. We are pushing the envelope on heuristic use by focusing on
non-traditional users: novice HCI students and domain experts. These two groups often rely on
analytic techniques, and using the new heuristics with these groups can illustrate the utility of the
new set while providing support for the heuristic creation process. In addition, we seek expert
opinion, providing feedback and commentary on the heuristics.

6.1 Introduction

Before we can expect practitioners to use the set of heuristics developed in Chapter 4, itis necessary
to provide support for their existence. In other words, we need to show that these heuristics are
indeed a “good” set and uncover a substantial portion of the usability problems associated with
large screen information exhibits. Three approaches were taken to assess the utility of the heuristics
for evaluating large screen information exhibits; one involves neophyte HCI students, one involves
domain experts, and a final approach relies on international HCI expert opinion. Each of these
efforts will be discussed in turn.

6.2 Novice HCI Students

An initial look at these heuristics was done by neophyte HCI students. These students come from
an introductory undergraduate HCI class that | taught during the summer of 2003. This course
was beneficial to this research effort in that it provided a test bed for the new heuristic set. As
part of the course requirements, the students were required to develop LSIE systems, providing an
opportunity for applying the new heuristics in the development process. Student experience with
heuristic evaluation was limited, but they had experience with usability engineering concepts from

88
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the course content. The analytical evaluation stage occurred towards the end of the course, after
empirical evaluation had been covered.

These students performed heuristic evaluation of several large screen information exhibits us-
ing the heuristics described in chapter 4. The goals of the evaluation were to help the students
with the design of their systems, and to gather feedback on the utility of the heuristic method for
producing redesign guidance. In addition to the evaluations, each student provided a critique in
which they could give their opinions on the utility and usefulness of the heuristics for guiding an
evaluation of large screen information exhibits.

6.2.1 Method

This test was conducted as part of course requirements for the Introduction to HCI class in which
the students were enrolled. Sixteen students participated in this study in the form of 5 group project
teams. These groups were tasked with creating new LSIE systems which displayed news content
from CNN . Each display was required to provide some subset of the daily news, presented on a
large screen that would be situated in a lab or common area. There were no restrictions on how the
display could look, as long as a user could gain an understanding of the daily news by looking at
the display.

Development occurred over a six week period, with summative evaluation occurring in the
fifth week. None of the students were familiar with the systems used in the creation process
reported in Chapter 4. Furthermore, they were not familiar with the new heuristics before the
evaluation assignment. They were familiar with analytic evaluation and had performed a simple
such evaluation in a class activity that used Nielsen’s set (as found in [70]).

These LSIEs were then used by the students in analytic evaluations involving the new heuris-
tics. Each team was randomly assigned to a different team’s interface. Each team member then
individually performed an analytic evaluation on the interface using the heuristics. Once this part
was completed, the teams reassembled gap and produced a common problem list for the
interface. This common list was a union of the individual problem sets found by each individual
team member. These group-level problem sets were then returned to the development team and
subsequently used to guide redesign efforts.

6.2.2 Results

Several measures were taken from the problem reports and critiques of the method. These measures
help to assess the utility of the heuristic set for supporting formative usability evalubltimnber

of problems foundby each team is an early indicator that the method was successful in uncovering

at least some of the issues with the various designs. Each team uncovered at least 10 problems, but
only 19 at most, with an average of 16 problems found per team. Figure 6.1 shows the distribution
of the problems found by team.

Subjective opiniowas gathered from the critiques provided by these novice HCI students. The
tone and nature of the critiques was easily discernible through the language and wordings used in
their reports. These critiques provide unbiased feedback on the heuristics when used in traditional
heuristic evaluations.

Ihttp://www.cnn.com
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Figure 6.1: Total number of problems uncovered with the heuristics, shown by team.

The majority of the students felt the heuristics were “useful” and provided “much needed guid-
ance for evaluation effort.” Granted, this in itself would be expected, because as composed to
no heuristics, having something to guide evaluation effort is indeed useful. In addition, students
indicated that the heuristics were “easy to understand”, and application was “straightforward”.

Most of the students agreed that the majority of the heuristics were applicable to the designs
they evaluated. As part of the critique, the student gave dgggementvith the heuristic according
to if they felt the heuristic applied to large screen information exhibits. Figure 6.2 shows the
percentage of students who agreed with each heuristic.

Also, 12 of 16 students explicitly stated that they would have liked to have had these heuristics
available during the design phases of their projects. This information was voluntarily provided,
as they were not prompted explicitly about this topic. These students indicated they would have
used the information in the heuristics as design guidance and felt they would have produced better
designs before doing any evaluation had they known about the issues contained in the heuristics.

6.2.3 Discussion

Clearly, these heuristics provided necessary guidance for the analytic evaluations performed by the
novice HCI students. Considering the nature and intent of these particular large screen information
exhibits, identifying 16 usability issues is quite good. In fact, each of the solutions given by
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Figure 6.2: Percentage of students who agreed that the heuristic was applicable to large screen
information exhibits.

the student groups consisted entirely of one screen, which typically employed some animation
technique to show changes to information sources. Thus, 16 real problems identified in these
systems allows for substantial improvements to the design.

We accept that the participants in this study were NOT expert HCI professionals, as is typically
used in heuristic evaluation [70]. Yet, given the nature and number of the problems found per
system, we feel these heuristics provided essential evaluation guidance for the students. As such,
the success of this study suggests that the heuristics were indeed sufficient for evaluating a typical
large screen information exhibit. The systems used in the evaluation were new and did not have
any common design with the ones used in the creation method. This is an important distinction as
we have shown that these heuristics are applicable across at least five different LSIEs. Hence, we
believe that the creation method we developed indeed produces usable heuristics that can be used
in analytical evaluation.

Another interesting use for heuristics comes from the potential for design guidance provided
from the heuristic sets. As seen in this study, most of the students felt these heuristics could serve as
design guidelines to aid in the development and creation of the interfaces in the early design stages.
This observation is powerful in that these heuristics have a second function beyond simply guiding
evaluation effort—they can be used to guide design from the start of a project by identifying and
illustrating potential trouble spots in the design of large screen information exhibits—thus they can
truly be considered as heuristics. This apparent usefulness also strengthens the overall desirability
of these heuristics for use in design and evaluation of large screen information exhibits.
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Total Problems Overall IRC interruption reaction comprehension
# 183 88 20 9 59
% of total — 48 11 5 32

Table 6.1: Summary of problems found through student application of heuristics.

6.2.4 Post-Analysis of Problems

Because this summative-style evaluation occurred towards the end of the project development cy-
cle, no significant changes were made to the students’ designs. However, analysis of the prob-
lem reports can reveal how well the heuristics supported reporting of problems that are related to
the critical parameters for the LSIE system class. These students had no knowledge of the IRC
framework. All they knew about LSIEs was that they involved software running on large display
surfaces. Hence, it is interesting to see if the problems they find with the heuristics can be traced
back to the underlying critical parameters for the system class.

The majority of the problems reported by the students related to some design artifact within
the particular system that was evaluated. To assess whether a problem related to interruption, re-
action, or comprehension, the wordings of each problem were considered in relation to the artifact
described therein. For example, the following problem refers to specific artifacts in a design:

The current temperature does not stand out well against the blue background.

Clearly this problem describes a specific piece of information (the current temperature), as well
as the problem with that artifact (does not stand out well). However, inspection of this problem
suggests a connection to the critical parameter of comprehension. Why? Assessment of the prob-
lem description implies that it will be difficult for a user to read the current temperature, hence,
he/ she would experience decreased understanding of that information, or a lower comprehension.
Alternatively (or in addition) a user may experience an increase in interruption because it takes
more time to look at the temperature and decode what it says.

Most of the problems reported by the students relate to one or more of the critical parameters.
The 16 students reported a total of 183 problems across the five systems. This total includes
multiple instances of the same problems because they were identified by separate evaluators. Of
this 183 problems, 88 were related to the IRC parameters. This is about 48% of the problems. Of
the problems that correspond to critical parameters (88) there were 59 related to comprehension,
20 related to interruption, and nine related to reaction. This breakdown reflects the emphasis on
the comprehension based tasks for which the systems are created to support. Table 6.1 provides a
summary of this analysis.

6.2.5 Evaluator Ability

It is prudent to consider the ability of these students in regards to completing heuristic evaluation.
While these students had little experience with evaluation and could be considered novices, they
did understand the purpose of usability evaluation and understood the goals of the system that they
evaluated. Given this understanding of their ability level, it is interesting to conceptually compare
the results of a “good” evaluator and a “poor” evaluator from this pool.
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As expected, the majority of the problems reported by the students dealt with specific design
decisions and related impacts to the user goals of the display. There were only three students who
provided robust problem reports that could be useful during redesign. The nature of the problem
descriptions for these “good” evaluators consistently revolved around specific interface artifacts
and the consequences of those decisions. One outstanding example even described the problems
in terms of claims, listing both upsides and downsides of the design element as psychological
tradeoffs for the user.

Nine of the students provided what we call “average” reports, consisting of a short description
of a problem they thought would occur. The problem with these reports was that there was little re-
design guidance provided in the wording of the problem to aid designers when fixing the problem.

Four of the students gave “poor” problem reports, merely consisting of simple statements de-
scribing how the system followed the heuristics (or not). These reports described very few prob-
lems with the target systems, and held no re-design value. In most cases, the so called problems
that these students reported were in actuality a description of the system, not an analysis of the
system.

Speculation suggests that the students in the “poor” category did not spend adequate time
on the assignment, perhaps only attempting the exercise the night before they were due in the
class. In contrast, the “good” examples likely involved several hours playing with the interface
in question, assessing it in terms of typical tasks, and writing useful problem descriptions. We
must also concede that the heuristics themselves could have posed a problem for the students in
the “poor” category. Perhaps the students did not understand how to apply the heuristics due to the
wording. Perhaps these students did not fully understand the idea encapsulated in each heuristic.

However, our evidence suggests that these HCI students were able to effectively apply the
heuristics in evaluation of LSIE systems. Coupled with the positive feedback from these students,
we feel confident that the heuristics provide structure and guidance for analytic evaluation efforts.
However, this example did not illustrate how the problems could be used in system re-design. The
following section describes a separate effort in which the heuristics were used and the problems
fed into a re-design.

6.3 Education Domain Experts

A separate application of these heuristics consisted of having domain experts use the heuristics in
an analytical evaluation of the GAWK system. Specifically, the teachers involved in the Classroom
Bridge effort [31] used these heuristics to evaluate an updated version of the GAWK software.

One could ask why we wanted to use non-HCI people in a heuristic evaluation, especially
since usability experts are required for effective results. We wanted to use domain experts be-
cause they have the unique ability to fully grasp the nature of the system and provide insight other
evaluators may not have, and heuristics have been used successfully with domain experts in other
investigations [70]. Furthermore, these people can provide feedback on the format and wordings
of the heuristics, illustrating that the heuristics are understandable and usable by a wide range of
individuals.

One other question about this effort involves the use of the GAWK system. Recall that the
GAWK was one of the five systems in the heuristic creation process. If we use the heuristics
from that process to evaluate the GAWK system, what would we really be finding? There are two
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answers to this. One is that the GAWK system underwent significant design changes from the
version that was reported in Chapter 3 and used in the creation process in Chapter 4. In reality, the
new GAWK looks different from the original version and thus learning whether the set of heuristics
can uncover the original problems would validate the set to a certain degree. Second, because the
system performs the same functionality and only underwent cosmetic changes, any problems found
in this effort should match up with the issues we identified in the earlier study (Chapter 4).

6.3.1 Method

Since these evaluators are not expert usability people, additional materials were provided to them
for the evaluation. Specifically, scenarios were provided to illustrate the use of the display and
to allow the teachers to get a feel for the display and how it worked. We felt this additional
information was necessary for the teachers to understand the display, as they had not used it for
about 5 months prior to this evaluation, and to put them in the mind set for assessing the display
for usability problems.

Additionally, we used structured problem reports [52] to help the teachers capture a description
of the problems they experienced or discovered through their inspection of the system. This choice
was made because these evaluators were novice usability people, and thus had no clue about usabil-
ity problems or how to report them. We felt these structured reports would help these evaluators
codify and communicate the issues they found more effectively.

Using the scenarios as guides, each teacher performed the tasks outlined in the scenarios on the
large screen. These tasks were done to ensure familiarity with the system so they could understand
the interface and the information available in the interface components. After completing the
scenarios with the software, they used the heuristics to determine problems they had executing
those tasks, filling out problem reports for each problem encountered.

This method is slightly different from the suggested implementation of a heuristic evaluation as
reported in [70] but we felt it was necessary given the novice experience level of our evaluators. In
traditional heuristic evaluation, the evaluator does not typically use the system or try to complete
tasks with it. Instead, they attempt to derive potential problems from a purely analytic analysis
of the system and its intended usage. Here we have our evaluators actually using the system
in specific, scripted scenarios. We felt that the structure provided through this approach would
facilitate the problem identification and help with the reporting effort.

There were two forms of data collected in this study: the problem reports and interview feed-
back on the heuristics. Each evaluator provided their own problem reports, detailing the problem
the found, the applicable heuristic that led to the reporting of said problem, and the severity of the
problem. After completing the evaluation, the two evaluators were interviewed jointly. Specific
interview topics included how well the heuristics applied to the issues they found and their overall
impressions of the heuristics. Interview data was informally captured through note taking.

6.3.2 Results

These non-HCI professionals, who had never heard of heuristic evaluation before, were able to
take these heuristics, and identify several usability problems with the display. These two evaluators
found a total of 23 problems with the system. While this number may seem low, considering their
lack of experience with analytical evaluation techniques, it is a good number.
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Furthermore, these evaluators ranked all problems as being moderate to high in terms of sever-
ity or need to fix. This rating holds more weight with these particular evaluators, as these are the
end users and thus would have a better understanding of the potential impact a problem may have
on the actual usage situation. This means that the problems they identified were indeed the most
important problems to the actual users of the system.

In terms of using the heuristics, both evaluators stated that they could “easily understand”
the heuristics. They also said they understood how the heuristics applied to the problems they
identified with the systems. Neither of the evaluators suggested that the heuristics were difficult
to read or understand, and they were able to relate all of the problems they came across to the
heuristics in the set.

The heuristics even helped the teachers understand the purpose of the evaluation:

“I don’t think 1 would have understood what you wanted me to do if you didn’t provide
me that list.” [referring to the set of heuristics]

They also indicated that the heuristics applied to the system so well that they suggested problems
that the teachers had not considered:

“This list helps me identify what is wrong with the system. | didn't think about the
use of colors and what they mean till | read the list that talked about color.”

6.3.3 Discussion

Simple analysis of the problems found in this effort shows that these two non-HCI people were
able to identify about 40% (23 of 58) of the issues with the GAWK system. This statistic comes
from comparing the problem reports in this study to the claims analysis performed on the original
GAWK system as reported in Chapter 4. Furthermore, if we examine empirical findings on heuris-
tic evaluation [69], we see that this number is right in line with the expected performance for a
heuristic evaluation tool, using two evaluators.

It is interesting to see non-HCI people perform a heuristic evaluation of an interface. They
start out not knowing what to do and seem frustrated by the sheer overwhelming nature of the
task with which they are faced. It only takes a few moments for them to recognize a problem
with the interface, and identify the heuristic(s) that applies. Then they start identifying problems
more easily and with more enthusiasm. This lends credit to the validity of this set of heuristics as
genuine evaluation support for finding usability problems with large screen information exhibits.

6.3.4 Post-Analysis

Deeper analysis of the problems reported by the teachers can reveal more information about the
heuristics and how they support evaluation efforts. Specifically, it is worthwhile to consider how
the heuristics may suggest re-design guidance for systems, and whether this guidance is directly
tied to the critical parameters. This situation with the domain experts provides a unique opportunity
to investigate how the heuristics support re-design because the system tested, GAWK, required
continuing development. Hence, the results of the evaluation were applied in another development
phase.
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Interruption Reaction Comprehension
6 7 17

Table 6.2: Number of problems identified by teachers that relate to critical parameters, shown by
breakdown for each parameter. Some problems were related to multiple parameters, hence the
total is greater than the number of problems found in the evaluation (23).

Inspection of the problem list generated by the teachers through the evaluation suggests that
the heuristics support identifying problems that are pertinent to the underlying user goals of the
system. This is evident in the nature of the problem, as well as the language used by the teachers
when reporting the problems. For example, one teacher identified a problem with the icons used
in the system and how it was “difficult to track group work over time”. Obviously this problem
directly relates to the long-term understanding of the information in the display, clearly illustrating
the connection t@omprehension Another example problem describes a “lack of separation in
work icons,” suggesting lack of understanding of the icons and different bodies of work represented
therein.

Assessing each of the 23 problems provides an indication as to how many were directly re-
lated to the critical parameters. Inspection of the wordings suggests which of the parameters are
applicable, as in the previous examples. Nineteen of the 23 problems can be traced to one or more
of the critical parameters associated with the GAWK display. Table 6.2 provides the numbers for
each parameter. We believe that this high correlation between the problems and the parameters is
a direct result of the heuristic creation process that is based on the critical parameters. The im-
plication is that the new heuristics address problems that pertain to the critical parameters for the
system class, thereby providing important re-design considerations.

6.3.5 GAWK Re-Design

Because the programmers involved with the ClassroomBridge effort did not have knowledge of
the IRC framework, it was necessary to shield them from describing the problems in terms of
interruption, reaction, and comprehension. Instead, the problems were described and discussed
through language that referred to “supporting understanding” or “preventing too much distraction”
or “allowing quick decisions”. These terms were understood by the programmers, and the pivotal
concerns surrounding the GAWK display were addressed without reliance upon the IRC terminol-
0gy.

It is further necessary, in supporting the programmers, to group problems into categories that
correspond to artifacts within the interface. In the case of the GAWK system, there are distinct
“parts” of the display in which the problems occur. For example, there is a banner area near the
top of the display. This banner area is created in a specific part of the code and any changes will
have to be made in that part of the code. Grouping related problems into these parts can help
the programmers as they address the problems and make changes. By providing the problems to
the programmers in terms of interface artifacts, rather than in terms of interruption, reaction, and
comprehension goals, the programmers are better able to make effective changes.

Comparing this new design to the earlier instance of the GAWK display, we see some im-
portant changes. Overall the structure is cleaner and the color scheme supports reading from a
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distance. As an example, consider the changes made to the banner design, including multi-line an-
nouncements, a new color scheme, separating announcements from artifact information, and more
space. These changes resulted from specific problems reported by the teachers, that impacted the
comprehension and interruption parameters. However, these problems were reported to the pro-
grammers grouped in relation to the banner artifact, with wordings that required improvements for
“user understanding” or “decreasing distraction”.

It is important that identified problems are given to the programmers in terms that they under-
stand. In this case, the programmers did not have knowledge of the IRC framework and the critical
parameters associated with the LSIE system class. However, these programmers did understand
the underlying user goals associated with the display, in terms of supporting typical user tasks. It is
encouraging that the problems identified by the teachers through the evaluation were mappable to
the underlying parameters associated with the LSIE class. This apparent connection between the
problems and the underlying user goals could suggests that more robust techniques are possible,
with which evaluators and designers could couple the results of heuristic evaluation to direct val-
ues for each parameter, facilitating the assessment of whether an LSIE system supports its intended
purpose. More discussion of this notion can be found in Section 8.3.2.

6.4 HCI Expert Opinions

Another effort to validate this set of heuristics was through international usability experts. Specif-
ically, a terse description of the creation work and the heuristic list was submitted and accepted at
the Ninth IFIP TC13 Conference on Human-Computer Interaction in Zurich, Switzerland. This pa-
per was peer reviewed by an international community. Hence, acceptance suggests these heuristics
are indeed useful for interface design and evaluation.

In addition to acceptance within the international community, interviews with several usability
experts were also conducted. These interviews were informal in nature and were conducted at the
above mentioned conference. The interviewees were attendees at the conference, and were in some
way connected to large screen display design and/or evaluation; either through dedicated research
or through usage contexts.

6.4.1 Method

The interview structure consisted of a few questions about the usage of large screen display tech-
nologies within the interviewee’s current work setting, usually an industrial or academic research
setting (like a lab). The majority of the interviewees were interested in designing and developing
large screen display interfaces.

In all, ten Human-Computer Interaction experts were interviewed about large screen display
technologies and their usage. Notes were taken on the comments given and were subsequently
used to determine opinions on and about large screen information exhibits. The interviews were
informal in nature and mostly revolved around their individual opinions on the heuristics created in
this development effort. Other comments focused on LSIEs and the shifting computing paradigm
(from desktop to more ubiquitous devices).
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6.4.2 Results

There was a broad range in opinions about the heuristics from the interviews. Five of the 10 experts
stated they “liked” them and would use them in their development efforts. The others were more
skeptical and wanted to see evidence of the heuristics in use, or in comparison to other sets of
heuristics. None of the experts felt that the heuristics were unnecessary, and all agreed that this
was an interesting and useful approach to a difficult usability evaluation problem.

Four of the ten experts gave specific feedback on the individual heuristics. Of these four ex-
perts, they generally felt that the heuristics were simple enough and covered a significant portion
of the potential trouble areas in LSIE systems. However, two of these four experts pointed out that
three or four of the heuristics had more of a “guideline” feel to them, rather than a “heuristic” one.
When prompted to explain this separation, they stated that the wordings of the heuristics sounded
more like commandments rather than general rules. For example, the heuristic “Avoid the use of
audio” struck them as too strict for wide applicability.

6.4.3 Discussion

Overall, the experts who reviewed and provided feedback on the heuristics had a positive outlook
towards them. The overwhelming point from this effort was that the heuristics were “untried” and
needed to be used in real evaluations and compared to other types of heuristics; both to show that
they can uncover usability problems, and to show that they are better suited to the LSIE system
class than other heuristics.

At the time of the interviews, none of the interviewees were aware of the validation efforts
involving use of the heuristics (as described in Sections 6.2 and 6.3). They were informed of intent
to compare this set to other types of heuristics and applauded that goal. All were curious to see the
results of such a comparison study.

6.5 Overall Discussion

These three efforts provided feedback on the usability and effectiveness of the heuristics. We
have evidence that the heuristics can be used in real evaluations, both from the neophyte HCI
students and the domain experts. These heuristics uncover real usability problems and provide
design feedback in formative evaluation efforts. In addition, expert usability people had a positive
feel towards the heuristics, suggesting they are a step in the right direction.

The successes in these efforts indicate that the heuristics hold great potential for supporting
formative usability evaluation. Coupled with the experimental findings from Chapter 5, we now
have confidence in the heuristic creation method based on critical parameters.

6.6 Summary

In the process of creating a new set of heuristics for the large screen information exhibit system
class, we had to show that the heuristics we came up with can be used in real evaluations and ac-
tually produce results. By having neophyte HCI students employ these heuristics in evaluations of
new LSIE systems, we gain the confidence that the heuristics are effective for uncovering usability
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problems. By having domain experts use these heuristics, we gain the confidence that the heuris-
tics are usable; they are easy to understand and apply in heuristic evaluation. Usability experts also
provided positive feedback about this set and felt the set was promising and should be compared
to other types to illustrate the improvements from using this UEM method over other methods.

This evidence lends strength that these heuristics are suited for large screen information ex-
hibits by supporting usability evaluation. This also gives credence to the creation method we
reported in Chapter 4—that process produces usable and reliable heuristics.

Chapter 7 summarizes the work and provides some discussion of the implications of this work.
Chapter 8 details the contributions of this work and possible areas of future work.



Chapter 7

Discussion

To fully appreciate the impacts of our work and the subsequent application of the results, we
need to discuss potential areas where these efforts have important ramifications. After discussing
important facets of the tool development work described in previous chapters based on critical
parameters, we discuss interface evaluation, testing usability evaluation methods, and UEM gener-
ality vs. specificity. These topics directly relate to the contributions of this work (Section 8.2, and
have important impacts for future work (Section 8.3).

7.1 Supporting UEM Creation Through Critical Parameters

As developers build knowledge on different system classes, focused on critical parameters, the
techniques described in this work can allow systematic creation of heuristics for formative evalu-
ation. Because system class specific evaluation methods hold great potential for guiding evalua-
tion as well as allowing benchmark development and system comparison, the research community
should focus tool development effort on system class specific methods.

The method described in this work (see Chapter 4) provides the necessary steps for creating
and testing a new evaluation tool tailored to the critical parameters for a system class. To further
aid those who may wish to implement this technique, Appendix H provides a guide, in which the
process is extracted to high level steps and illustrated with an example.

By relying on the method described in this work, UEM developers can focus their effort on
specific steps that lead to the creation of an analytic tool for formative evaluation. They no longer
have to spend considerable time aimlessly evaluating and analyzing systems with no clear structure
or process, in hopes that massive, disjoint effort will unveil “gems” of design knowledge that could
lead to an evaluation tool. Instead, effort is structured and guided with specific goals and tasks,
ensuring that tool creation effort results in a usable evaluation tool.

Our work has provided valuable insight into the development and testing of a new set of heuris-
tics, tailored to the unique user goals associated with the large screen information exhibit system
class. Through two empirical studies (see Chapters 3 and 6), we now have evidence to support
a new UEM creation technique, as well as evidence to suggest that the resulting tools are indeed
useful.

Traditionally, usability specialists and developers spend significant time and effort creating
usability evaluation tools for a single system. Our efforts have shown that more generic methods
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hold promise for designer because they reduce the amount of time required in formative evaluation.
Focusing evaluation tool design on the user goals of a system class produces desirable results as
well as allowing for re-use of the evaluation tools. Initial investment of tool development effort
can yield better usability results in the long term.

A major problem with this approach arises from lack of clear methods for creating a new eval-
uation tool. By focusing on critical parameters, evaluation tool creation is proceduralized and
simplified. Based on the notion of critical parameters, focused analysis and knowledge extrac-
tion produces detailed design guidance. This design guidance provides a foundation for creating
high-level, generalized design concepts that can guide formative evaluation efforts in the form of
heuristics.

An important aspect of the critical parameter approach to heuristic development is that the
heuristics will be targeted to the most important user concerns with the system. In our case the
heuristics indicate how to support the appropriate levels of interruption, reaction, and comprehen-
sion. Problems identified by these heuristics are readily approached because the heuristics indicate
possible ways to improve the design, or at least suggest alternatives that may alleviate the symp-
toms of the problem.

The approach described in Chapter 4 details how one can develop heuristics based on critical
parameters. Applying this approach to other system classes will provide the research community
with valuable evaluation tools and reusable design knowledge. However, this process includes
the assumption that the critical parameters are already defined for the target system class. Here
the critical parameters of interruption, reaction, and comprehension were previously identified and
accepted within the community. Other system types, like ubiquitous interfaces, may not have pre-
defined critical parameters; hence, the method described in this work may not be immediately
applicable.

However, there could be other ways to define a system class. Perhaps focusing on the types
of tasks that the systems support could lead to a clearly defined system class. In this case the
technique described herein would be applicable. Other system class definitions could result from
investigating user goals. Again, once a set of design parameters are known, our method can be
used to guide heuristic creation for that system class.

Whether one focuses on user tasks, user goals, or well-defined critical parameters, there is still
the question of how to determine when a set of each actually defines a system class. This question
is beyond the scope of this work but this work has illustrated the need for a structured process for
identifying reliable critical parameters.

Another aspect of the creation method reported in this work involves the effort required to ac-
tually derive the heuristics through the process. Identifying systems, creating scenarios, extracting
claims, and creating the problem tree took six weeks of dedicated effort. Extracting heuristics re-
quired an additional four weeks. However, when one considers that the process was being refined
and evaluated during the same time frame, the actual effort to produce heuristics from the process
would be about to 2 of this time (say 3 to 5 weeks). While significant, this effort is worthwhile,
as illustrated and discussed in previous sections. The question arises then about how much time
other methods would require. If we consider an alternative set of heuristics, like Nielsen’s, one
can ask how much effort went into the creation of that set. It has not been clearly documented as
to how and where the original heuristics actually came from, but it can be assumed that it took
longer than 6 weeks to come up with that set of heuristics (and likely involved years of thought and
experience). Because researchers need and want more specific heuristics, our proposed creation
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method provides the necessary tools to facilitate this UEM creation effort, even if it may require
six weeks of effort.

7.2 Supporting Interface Evaluation

This work has illustrated a gaping hole within the development space for interfaces. That hole is
a lack of evaluation methods and tools for achieving effective formative evaluation results. We

started to fill this hole by focusing in on LSIE systems but there are numerous other types of

interfaces within the notification systems design space, and within other interface types, that could
benefit from targeted evaluation tools.

This work supports this endeavor in several ways. First, evaluating notification systems, espe-
cially formative evaluation, often necessitates reliance upon analytic techniques. Supporting the
creation of new analytic tools enhances notification systems researchers’ abilities to produce effec-
tive designs. The method we have provided can ensure rapid development of re-usable heuristics
for many types of systems.

Secondly, by promoting the use of critical parameters and the associated terminology, the re-
search community is strengthened and solidified in advancement efforts. A community of re-
searchers, discussing and talking about the same types of ideas, can more readily breach the re-
search gaps within emerging fields.

Finally, this new set of heuristics provides immediately available tools for LSIE system design-
ers and developers. Existing designs can be readily evaluated and emerging systems can benefit
from early evaluation and design guidance.

7.3 Comparing Evaluation Methods

For researchers interested in comparing evaluation methods, our work provides a unique setup that
supports these types of endeavors. Usability evaluation is one of the most important and costly
steps in developing human-computer interfaces. The goal is to identify and fix problems in the
interface, so as to improve the user experience with the interface.

What this means is that researchers are tasked with developing effective evaluation tools for
many different system classes. A key part of this development work involves testing the new meth-
ods and comparing them to existing alternatives. Traditionally UEM comparison has been difficult
and wrought with problems that lead to debate over validity and utility of previous comparison
studies [32]. A large part of the problem with these comparison studies involves validity in prob-
lem sets and results. Hartson et al. suggest a set of metrics to use in UEM comparison studies that
are designed to help with accurately comparing different methods [40]. However, calculating these
measures relies upon knowledge of the real problem sets for the target system. This can be prob-
lematic for traditional comparison tests because it is not clear what constitutes the real problem set
[40].

Our work addresses this problem in a novel way. Instead of having evaluators uncover usability
problems in a traditional evaluation; we provide a list of problems for the target system and ask
the evaluators to rate the applicability of specific heuristics to that problem. In other words, we
ask the usability professionals to assess the heuristics in terms of how much the heuristic would
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help in identifying the issue in a traditional evaluation. This relies on the evaluators’ experience
with usability problems and their ability to reason about the heuristics in an abstract manner. The
strength of this approach comes from the fact that we have a specific set of problems to serve as
the real problem set and we can easily calculate the Hartson et al. measures from this setup.

By providing a set of problems to the evaluators, we can more accurately determine the applica-
bility of a set of heuristics to that problem set. This allows us to quickly calculate several measures
of the method and compare different methods on the same basis. Other comparison studies usu-
ally must deal with validity issues that arise from evaluator differences, investigation of lengthy,
wordy problem reports, and then mapping multiple descriptions of problems to an accepted set of
problems.

These comparison studies are often also plagued with having questionable or weak “real” prob-
lem sets. For example, a common technique is to use the union of problems found by all the meth-
ods in a comparison study as the real problem set. One problem with this approach arises from the
fact that this set of problems may not be the ones that real users would experience during typical
system use. In our approach, we use actual problems encountered by the users of the systems, as
found through system inspection and feedback with developers, or through direct user studies.

Our implementation of this new comparison technique suggests a better approach to UEM
assessment. Instead of relying on highly variable problem sets from traditional evaluation ap-
proaches, we have a common base set to use in the calculation of comparison metrics. We reduce
the variability in the calculations, ensuring that the comparison is fair and balanced.

Furthermore, this approach can be somewhat automated. By relying upon existing design
knowledge, one can create a new testing setup by importing usability problems and heuristic sets
to dynamically create new tests, either for evaluating the problems or for comparison tests. In
fact, this particular effort is underway as part of the LINK-UP system for evaluating notification
systems [17]. The testing platform used in this work can be automated to retrieve specific claims
from a database, which can then be used in analytic evaluations.

7.4 EXxploring Generality vs Specificity

Exploration of the generality/specificity question within usability evaluation method applicability
occurred through two experiments. Covering the spectrum of specificity from system specific,
through system class, then interface type, and finally to generic interfaces, allowed for deeper un-
derstanding of how the specificity level impacts usability problem coverage. Usability evaluation
methods that are targeted for a specific system class provide the most promise for continued devel-
opment and study. They seem to apply to the systems and produce more reliable results than more
generic methods. In addition, evaluation tools targeted to system classes also provide enough gen-
erality that they can be applied to multiple systems within the class as well as help in identifying
benchmark performance. What does this mean for other usability experts? How can they leverage
this finding in their development and testing efforts?

By providing the HCI community with analytic evaluation tools, we are supporting the future
development of notification systems. Because there are better alternatives for effective notification
system analytic evaluation, formative evaluation design phases can be completed with higher ef-
ficiency and better results. Furthermore, the creation method reported in this work allows UEM
researchers to create these system-class specific UEMs through a structured process, eliminating
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ambiguity and uncertainty.

The tools need to be targeted to the specific user goals associated with the system class, yet
need to be general enough to allow for reuse across multiple systems within the class. Our work has
suggested that the best place to focus tool development effort is at the system-class level, which is
defined by specific levels of critical parameters. Using our creation process, researchers can focus
on the critical parameters that define a design space, thereby building new evaluation tools with
focus and ease. By doing so, new design knowledge can be captured and reused in future efforts.

A long term effect of this type of work includes the strengthening of the notification systems
research community; both through promotion of reusable tools and design knowledge, as well as
through continued evaluation and system refinement. This effect can occur due to the reduction in
time required for developing effective, reusable evaluation tools.

A possible tradeoff of using more specific tools rather than highly generic tools (like Nielsen’s
heuristics) could be loss of creativity. In other words, if a UEM deals with specific terms and
concepts indigenous to the target system, it is possible that the evaluator would be less likely to
rely upon his/her mind to assess the interface in ways that may not be obvious. By using focused
terminology and concepts, imagination could easily be constrained.

While we concede that this is possible, we must point out that the experiment described in
Chapter 5 does not support this suggestion. Here we almost totally relied upon the evaluators’
ability to think about the claim and assess whether or not a heuristic had some applicability to that
claim. If the above assertion were true, we would have expected Nielsen’s heuristics to have the
highest applicability of the three methods. This expectation arises from the structure of the test;
evaluators would have been able to think at a high level whether the heuristics had any applicability
to the claim. Without restrictions on their thinking and consideration, one might expect that the
more generic heuristics would be rated with higher applicability. This was not the case in our
experiment. The evaluators indicated that Somervell’s heuristics had the highest applicability.

7.5 Lessons Learned Through Use

Both examples of using the heuristics in system evaluation provided valuable insight into how the
heuristics support these types of efforts. There are several areas related to the development and
use of these heuristics from which important ramifications arise: reporting problems to program-
mers, mapping problems to critical parameters, specificity in heuristics, work/benefit tradeoffs, and
differences between critical parameters and usability metrics.

7.5.1 Reporting Problems to Developers

One of the most important aspects of usability evaluation is reporting the results to the program-
mers/developers in a format that is understandable. This implies a need for concisely worded
statements that reflect specific changes to be made in the system. This can be difficult when eval-
uation is not focused on critical parameters, especially for analytic methods that rely upon experts
who may not be familiar with the parameters for a specific system class. This problem reporting
can be further blurred because the programmers and/or developers often do not know the specific
terminology associated with the critical parameters for a system class. But, when a developer de-
cides to build an LSIE system, without fully understanding the critical parameter concept, their
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design/evaluation cycle is guided by the parameters that they indirectly selected—the parameters
associated with LSIE systems. Restricted knowledge of these critical parameters necessitates care-
ful problem wording if effective design changes are to be achieved.

Fortunately, effective heuristics can remedy this situation. As seen in the case of the domain
experts, problems are often closely tied to one or more of the underlying critical parameters for a
system. Itis natural and straightforward to describe problems in terms of user goals and the associ-
ated interface artifacts that hinder those goals, without explicit references to the critical parameters.
Based on our comparison experiment and usage examples, our heuristics can guide developers to-
ward a design that is more in line with the critical parameters, at least for LSIE systems.

Several researchers point out that, in general, heuristics are poor at providing problem descrip-
tions that capture the underlying user goals [80, 21]. Our heuristics are a step in the right direction,
because they are closely related to the critical parameters of the LSIE system class. Indeed, this
connection to the critical parameters can be strengthened through further research (see Section
8.3.2).

7.5.2 Mapping Problems to Critical Parameters

Though it is desirable for programmers to separate the problem reports from critical parameter
terminology, system developers and researchers often need to know how well a system is per-
forming its intended function, for comparing systems or benchmarking; thus they need to know
which parameters are addressed by a system. This seems to suggest a conflict — on the one hand
programmers want problem descriptions to revolve around interface artifacts and user impacts, on
the other hand researchers want to know how well certain critical parameters are addressed by a
system.

This conflict may not actually exist. Inspection of the problem reports from the domain experts
reveals that most of the problems are inherently tied to the critical parameters, even if they do
not explicitly use the terms interruption, reaction, and comprehension. In addition, these problem
reports typically suggested the interface artifact that, when changed, could alleviate the problem.
We seem to be getting the best of both worlds. Granted, a small amount of analysis is required
to ascertain to which parameters a particular problem pertains, but this effort is minimal in most
cases.

How are we achieving this robust problem reporting? It seems that the heuristics that came
from the critical parameter based creation process allow problem reporting that bridges the afore-
mentioned conflict. Because the heuristics are tightly coupled to the critical parameters (through
the claims analysis process), problem reports seem to revolve around the underlying user goals as-
sociated with each parameter. Furthermore, the heuristics suggest specific interface artifacts (like
use of animation) that programmers could immediately identify for change. Hence, the heuristics
provide the robust analysis that supports both the programmer and the researcher.

7.5.3 Specificity in Heuristics

It is worthwhile to discuss the heuristics at a conceptual level, especially with respect to how spe-

cific they are. The students from our second application effort and the expert reviewers suggested
that some of the heuristics were “too strict” and needed to be more generic in nature. This raises the
guestion of what constitutes a heuristic. Are heuristics just “vague checklists” as argued by Sauro
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[80]? How vague is vague? What are guidelines then? Are guidelines not checklists, perhaps
only slightly less vague than heuristics? Understanding the difference between what is considered
a heuristic and what is considered a guideline is non-trivial. Individual opinions will vary, but in
general a guideline is thought to be more “specific” than a heuristic. In other words, a guideline
suggests how to design while a heuristic raises questions about a design. However, clearly defin-
ing the separation point is the difficult task, and because so many different opinions surround this
notion, no clear answer is available.

Still, we are faced with the question of what “specific’ means for a heuristic. It is obvious
that the new set of heuristics created in this work are more specific than both Nielsen’s and Berry’s
sets, with respect to the LSIE system class. However, are the new heuristics still considered heuris-
tics, or are they just guidelines? Does this question even matter? Our comparison experiment has
shown that the more specific heuristics had better thoroughness, validity, effectiveness, and relia-
bility. Would that not suggest that even if they are “guidelines”, they are better suited for analytic
evaluation? In addition, our application examples both illustrated that these heuristics find usability
problems in typical analytic evaluations. This provides strong evidence that the creation process
produces sound evaluation tools. What this implies is that we need to further investigate analytic
evaluation through differing levels of tool specificity.

7.5.4 Development Costs and Benefits

In considering the new heuristics and the critical parameter based creation process, one must con-
front the issue of development costs and long term benefits. It took two researchers six weeks of
effort to come up with the final set of eight heuristics tailored to the LSIE system class. This effort
consisted of both individual and group work and analysis. Typical work schedules involved 5- 10
hours per week by each individual in inspecting systems, creating scenarios, performing claims
analysis, classifying claims according to critical parameter impacts, and categorizing claims into
scenario based design categories. This was followed by a separate 1-3 hour weekly meeting be-
tween the researchers, to assess each other’'s work and to reach consensus at every step. However,
when one considers that the process was being refined and evaluated during the same time frame,
the actual effort to produce heuristics from the process would be %tto@it of this time (say 3 to

5 weeks).

All this work amounts to significant investment. So why is it worthwhile? There are three
major reasons. First, the targeted heuristics had higher thoroughness and validity scores in the
comparison test. This suggests that the more specific heuristics can find more of the real problems
with an interface in the first evaluation phase. This invariably reduces downstream development
costs because problems are easier to fix earlier in the software development cycle. This benefit
becomes even more valuable for entities who specialize in similar types of systems and perform
many evaluations across multiple interfaces. A group that specializes in a user interface area with
a well-defined IRC level could benefit from tailored heuristics. Long term reductions in evaluation
costs can mean more projects because evaluation time is shortened.

Secondly, because these heuristics had the highest reliability scores, this suggests that we can
feel confident in our results with fewer evaluators. This is important for problematic domains like
in-vehicle information systems, emergency response systems, and mission-critical systems where
domain experts are rare or non-analytic evaluation techniques are costly. The higher reliability
allows us to feel confident in our re-design guidance when faced with limited evaluation resources.
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Thirdly, these heuristics are tightly coupled with the critical parameters of the system class.
This is important because design decisions and changes are made to address these pivotal con-
cerns. Perfecting a system according to the appropriate levels of the critical parameters insures
that the system performs its intended function. Without a focus on the critical parameters, system
developers are faced with the challenge of making design changes based on more simple usability
metrics, which may or may not be adequate for improving design. We expand on this in the next
section.

7.5.5 Critical Parameters vs. Usability Metrics

It is interesting and worthwhile to discuss how critical parameters and usability metrics are related.
Because critical parameters are universally accepted indicators of whether at system serves its
intended purpose, they are often confused with typical usability metrics. There is a distinction
however. Usability metrics are typically describedter design and before testing, whereas critical
parameters are described “at the outset of design” [68]. Also, usability metrics focus solely on
whether or not a system will be “usable” by the consumer. While this goal is desirable, it does
not entirely focus evaluation on whether a system actually performs its function correctly, which
critical parameters provide [68]. Usability metrics are not “utility metrics”. For example, consider
the GAWK system as described earlier. Its purpose is to allow teachers and students to understand
information about lengthy class projects. A typical usability test may show that the interface is
easy to use and easy to learn. What these usability metrics do not show is that the program is
supporting the long term understanding of the information.

This example shows the difference in critical parameters and usability metrics. A critical pa-
rameter is an attribute that captures an important functional aspect of a system [68]. In contrast,
a usability metric is how a person could measure a critical parameter through testing. Take the
example of our critical parameters for notification systems. Each of interruption, reaction, and
comprehension can be measured through separate metrics. Interruption is measured by primary
task degradation. Reaction is measured in response time or hit rate. Comprehension can be mea-
sured by questions about the information source, with percent correct being the metric.

In addition, describing interfaces in terms of concrete parameters supports testing and long
term benchmarking. Because critical parameters are closely tied to the typical user tasks associated
with a system, benchmark performances can be determined and described through the parameters.
If a newly created system performs poorly in one or more of the parameters, then the designer
knows where to focus re-design effort. For example, say a newly created LSIE system has weak
performance on a benchmark comprehension test, then the designer can focus re-design effort on
helping the user understand the information (maybe a different layout, maybe textual formatting,
maybe including a legend). The same utility is not found in standard usability metrics. If an
interface performs poorly on “ease of use”, what does that tell the designer? There would be too
many possible areas where a re-design could occur. The critical parameters suggest to designers
where improvements can be made, focusing design effort on fixes that result in better systems.
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7.6 Discussion Summary

We have illustrated the utility of our new heuristic creation process through experimental com-
parison and application. Researchers now have the techniques to help close the evaluation gap
present in all human interfaces. By focusing on critical parameters, structured UEM creation can
proceed. Coupled with our process, usable heuristics result, pushing notification systems evalua-
tion forward. The following chapter provides a summary of the work, describes some of the major
contributions, and then concludes with potential extensions and future work.



Chapter 8

Conclusion

Here we provide a summary of the work completed, as well as descriptions of the contributions of
the work and discussion of potential future work to extend and build off of the efforts described in
previous chapters.

8.1 Summary of the Work

Supporting the creation of heuristics for system classes is accomplished through a process that
involves system inspection, claims analysis, classification, categorization, and design knowledge
extraction. The impetus for this work comes from the desire and need for tailored UEMSs, providing
targeted evaluation and reliable results.

Early work (Chapter 3) involved the comparison of generic to specific UEMs in evaluating
LSIE systems. That work provided the background and motivation for pursuing a structured
heuristic creation process, based on critical parameters. Results of the early work suggested that
system-class specific methods are probably best, which coincided with findings from earlier re-
search. Furthermore, this background work illustrated the utility in formative analytic evaluation
for notification systems.

Chapter 4 describes the heuristic creation process. The method relies upon critical parameters,
which define a design space, for effectively deriving usable heuristics for a target system class.
Claims analysis and Scenario Based Design are tools used to facilitate the process. After iden-
tifying 333 claims, 22 design issues were extracted, then eight heuristics were synthesized. The
appropriate levels of the critical parameters—interruption, reaction, and comprehension—-allowed us
to derive the final heuristics.

After creating a set of heuristics tailored to the LSIE system class, we performed an experiment
to compare the new heuristics to existing, more generic alternatives (Chapter 5). This comparison
study illustrated the effectiveness of system-class specific heuristics and validated the heuristic cre-
ation method. In addition, a new UEM comparison technique was developed and implemented to
facilitate the calculation of comparison metrics. This new testing platform allows UEM researchers
to compare multiple methods, quickly and easily; reducing ambiguity and increasing validity in the
process.

In addition to the comparison study, we also illustrated the effectiveness of the new heuristics
through two real-world applications of the method (Chapter 6. In one instance we had undergrad-
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uate HCI students perform analytic evaluations on newly created LSIE systems by incorporating
the new heuristics. Findings from this application suggest that the new heuristics were easy to use,
reliable, and produced important design problems that were fixed in subsequent implementations
of the systems. The second application involved domain-expert evaluators using the heuristics to
evaluate an LSIE system. Again we found that the heuristics were highly applicable to the system
and facilitated these domain-experts in uncovering usability problems with the interface. These
validation efforts illustrate the utility of the new heuristics, as well as provide support for the cre-
ation method.

8.2 Contributions

This work impacts several important research areas within the Human Computer Interaction branch
of the Computer Sciences, including: usability evaluation method creation and testing, usability
evaluation method applicability, notification systems evaluation, notification systems design and
development, large screen information exhibit design and use, and knowledge re-use. Specifically,
the contributions of this work include:

o Critical parameter based creation of system class heuristics

Heuristics tailored to the LSIE system class

LSIE system design guidance

UEM comparison tool

Deeper understanding of the generality vs. specificity tradeoff

8.2.1 Critical Parameter Based Creation of System Class Heuristics

The main contribution of this work comes from the creation method leading to the set of heuris-
tics for large screen information exhibits. This method is based on solid methods of analysis of
existing systems (scenario based design and claims analysis) and leverages the notification sys-
tems framework (critical parameters) in the classification and categorization of claims into usable
heuristics. This method has a specific structure and can be repeated for other system classes. One
example is the notification systems design space (as described in [62]). In that model, different
levels of the three critical parameters—interruption, reaction, and comprehension—define subsets of
the design space for notification systems. Large screen information exhibits are one such subset
of the entire notification system space, but other types of systems (like alerts, secondary displays,
ambient displays, etc.) can benefit from this creation process. We simply focus the analysis on the
particular user goals for the target system class. For example, instead of focusing on self-defined
interruption and high comprehension (as for LSIEs), we could look for low interruption and low
comprehension and focus ordicators[62]. We could then identify three to five example systems

from this class, perform claims analysis on them to identify current design tradeoffs, then use the
method described herein to systematically extract high level design issues and potential heuristics
for the indicator system class.
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This work illustrates the strength and utility that critical parameters hold for guiding usability
evaluation method creation. As alluded to in Section 7.1, determining the critical parameters for a
system type may not be obvious. Speculation on methods for guiding this process are discussed in
Section 8.3.3.

8.2.2 Heuristics Tailored to the LSIE System Class

Another important contribution of this work is the set of heuristics. LSIE designers and evaluators
now have an effective formative evaluation tool. Evaluation resources can now be devoted to
running analytic tests and analyzing results, as opposed to developing tools for every system to be
tested.

In addition, other notification systems researchers can potentially leverage these heuristics in
evaluation of related system classes. For example, some of these heuristics would facilitate the
evaluation of secondary displays, as well as ambient displays. By having more tools in their
usability toolkit, evaluators can more readily find important usability problems in their designs.

The new set of heuristics developed in this effort provides enough detail to uncover important
usability issues with a target system, yet it is generic enough to be applicable across many different
LSIE systems. Armed with this new tool, system developers and usability engineers will be able
to include formative evaluation of their systermarlier in the process. Why earlier? Because
they will not have to spend time creating a new evaluation tool, tailored to the system they are
studying. Instead they can focus time and effort on performing the evaluations and analyzing
feedback. Furthermore, these heuristics can be used early in design (before testing) to suggest
possible design elements or to provide evidence for omitting certain technologies.

The real strength of this contribution becomes apparent when one considers alternatives to
evaluating these types of systems. Often one would have to rely on existing tools and try to manip-
ulate or change them to suit the current need. Now, evaluators and designers can use the method
developed in this work to derive heuristics targeted for their particular needs.

8.2.3 LSIE System Design Guidance

A third contribution comes from the extensive analysis we performed in the creation process used
to develop the new set of heuristics. We have on average 50 claims for the five systems used in
the creation method that can be used by designers as evidence of good and bad design choices.
These claims can serve as idea material for generating designs or as support for specific design
decisions. In addition to the 253 total claims, we have identified 22 high level issues that capture
the underlying design problems associated with the claims. These issues are not exactly worded to
be used as heuristics, but they certainly provide design advice for large screen information exhibits.
In addition, these claims can feed into ongoing efforts within the local research community on
understanding design re-use. The LINK-UP system [17] attempts to incorporate design knowledge
gleaned from various system development efforts into the design of new systems. Part of this
system requires analytic evaluation techniques within a system of exploring and testing various
claims for use in new design efforts [17]. The analytic evaluation provides users a method for
creating a set of claims that he/she is interested in for re-using in his/her development project
but needs to get feedback on those claims [17]. The user can select a subset of the claims in a
database or library and then have experts evaluate those claims according to some analytic method
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(like heuristics) in an automated interface. The claims produced through our inspection of the five
systems can feed directly into the growing claims database used in the LINK-UP system.

8.2.4 UEM Comparison Tool

Another important contribution comes from the testing methodology we used in the comparison
study (see Chapter 5). For this test, we created a new way to calculate the UEM comparison
metrics required for comparing evaluation methods. Instead of relying on problem sets from the
evaluators (as recommended in [40]), we identify potential problembsétsethe evaluation and

have the test participants assess the applicability of the UEM to the problem. This new approach
to UEM comparison eliminates variability in problem set identification, and provides control over
metric calculation.

8.2.5 Generic vs. Specific UEM Tradeoffs

Finally, we have probed the issue of whether to use generic or specific heuristic evaluation methods
for large screen information exhibits. We reached the conclusion that system level specific evalua-
tion tools hold the most promise for providing effective evaluation of systems within a well defined
class of systems. This was accomplished through an extensive comparison of three LSIE systems
using three different types of heuristics, each representing a different level on the generic/specific
scale; coupled with a study comparing system specific surveys to system class surveys. These two
studies provide new insight into the generality/specificity tradeoff in usability evaluation method
applicability.

The findings impact overall UEM research endeavors by allowing other researchers to refine
their focus in creating new evaluation tools; increasing the potential effectiveness of their methods
while reducing the amount of time spent exploring alternatives. This is achieved through applying
the heuristic creation method we used in this work. Our specific technique could be modified to
create questionnaires or surveys for particular system classes, but one needs an understanding of
the key task goals for the system class for easy application.

8.2.6 Contribution Summary

These contributions are important to the emerging field of Notification Systems by aiding future
design and evaluation of these displays and for facilitating comparison among systems that deal
with similar problems. Systems that share design models, even those that are not designed for
large screens, could benefit from the design guidelines and heuristics. Each area of the notifica-
tion systems design space could be explored in this manner, identifying specific user goals and
how systems support those goals, leading to the development of consistent and re-usable design
recommendations for all notification systems.

The more general field of Human Computer Interaction will benefit from the sound method-
ology employed in investigating this area. Future researchers can take this approach and evaluate
other types of methods for different classes of systems. Sound methodology and empirical prac-
tices illustrate strong science upon which others can build and refine, advancing the field.
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8.3 Future Work

Even though this work has provided methods and techniques for improving notification system
design and evaluation, there are several areas that can be identified where future work will yield
important contributions, both within the notification systems design community and in the larger

Human-Computer Interaction community.

8.3.1 Extend Method to Other System Classes

One obvious extension would be to use this method on each of the system classes defined by the
IRC framework [62]. By applying the heuristic creation process described in this work to the other
areas, two major advances result:

1. Further validation and refinement of the creation process and
2. Extensive coverage of the notification system design space.

There are basically seven areas of the notification design space that have not received extensive
study, like that of this thesis work. Doing that work will flesh out the body of design knowledge
surrounding notification systems and support future system development efforts. This knowledge
can and should be stored in the emerging LINK-UP system [17] so that the effort to create evalua-
tion tools is not lost to the design community.

Completing the system classes in the notification design space also provides a pre-existing test
bed for refining the creation process. This is possible because the design space has been laid out
and clearly defined system classes exist. Each class could benefit from targeted evaluation tools,
hence application of our creation method seems the logical next step.

As researchers develop evaluation tools for each of these system classes, the process can be-
come streamlined and even benefit from reuse of artifacts from the creation process itself. For ex-
ample, scenarios created in the early phases of system inspection could be recycled and re-tooled
to apply to different systems from different system classes. This reuse can even extend beyond
the boundaries of notification systems and reach into the ubiquitous computing, CSCW (computer
supported collaborative work), distance communication, and educational realms.

8.3.2 Automate Comparison Platform

Another logical extension of the work would be in automating the UEM comparison tool. Instead
of relying upon pen and paper for data collection, the tool structure could be automated as simple
web pages or as a survey through online survey toddsmore robust implementation could di-
rectly tie in with design knowledge databases, allowing the UEM researcher to define problem sets
and heuristics for specific tests, with quick and efficient data collection and analysis. Furthermore,
existing evaluations can be saved and reused multiple times, with feedback instantly available to
the entire design community involved with the knowledge repository.

In addition, important strides can be made in developing direct mappings from the heuristics to
the critical parameters. The LINK-UP system [17, 19] allows designers to assess the design model

lwww.survey.vt.edu is an example
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in terms of specific levels of the critical parameters. The design model is a notion put forth by
Norman in [72] that captures the designers understanding of how a system will work. In contrast,
the users model represents how the user understands the system and how it works [72]. A goal for
designers is to get the designers’ and users’ models to be as close as possible (ideally they would
be the same). The LINK-UP system helps designers formulate and quantify the design models in
terms of critical parameters [17]. What we also need is a method for quantifying the user models
so that comparisons can be made to the design model representations. Lee et al. describe an early
attempt at quantifying the user model through analytic evaluation [53]. However, they do not
describe how they quantify the analytic results to the user model. Mapping our heuristics to the
critical parameters is one possibility for providing this quantification. This mapping would allows

us to track levels of the parameters and feed into redesign, which in turn could further map to new
user interface components and claims, providing a clear development history that could facilitate
future reuse efforts.

A possible way to accomplish this mapping would be to reverse-engineer the creation process
we used and trace back to the claims classifications. Because the heuristics are derived from claims
with IRC classifications, it would be possible to trace back and find which ratings correspond to
the heuristics. As an example, the “avoid the use of audio” heuristic could be mapped to the
interruption parameter. Indeed, these mappings could then be verified through application of the
heuristics, like in Chapter 6.

Another possible way to map the heuristics to the critical parameters involves quantifying each
of the heuristics in terms of interruption, reaction, and comprehension. Doing so would allow a
researcher to more readily assess how to correct problems found through the heuristics by focusing
design effort on the most important aspects surrounding the critical parameters. It is not clear how
this quantification should proceed. One suggestion could be to rate the heuristics for a given
system and different ratings indicate on which areas to focus re-design effort. For example, if
heuristics 2, 5, and 7 received high ratings, then that could mean the designer needs to focus more
on supporting comprehension. ldentifying these mappings is non-trivial but could provide benefits
to address some of the downsides to traditional heuristic evaluation discussed by Sauro and others
[80, 21].

8.3.3 Critical Parameters

This work has also illustrated an important constraint on the application of the creation method to
other system types. To be effective and useful, clearly defined system classes are a must. To define
a system class, one needs to know the critical parameters for the design space, so that he/she can
focus on the correct levels of each parameter. Identifying the critical parameters for a system type
is not necessarily straightforward.

Future work needs to examine the process of identifying critical parameters for system types.
One technique would involve extensive literature survey to determine initial taxonomies that de-
scribe the target systems. From this taxonomy, one could then determine the underlying important
aspects that the systems hold for the end users. This user-focused approach is likely the best way
to determine the critical parameters that hold the most importance in system design.

Another possible approach is to use the method described herein for deriving heuristics and
tweak it to derive critical parameters. Much of the effort in the early stages (system inspec-
tion, claims analysis) can assist researchers in organizing disjoint systems based on commonalities
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among them. A user-centered method like Scenario Based Design can provide some structure to
the categorization of various claims, thereby focusing researchers’ effort towards determining crit-
ical parameters. The entire method would not be applicable in this case but the analytic approach
would at least give guidance for assessing claims and perhaps lead to identification of underlying
parameters for the system class.

This realization could manifest due to the wording of claims. For example, if several claims
deal with aspects of design causing distraction to a user, perhaps an important aspect of these
systems is managing interruption. While this example is based on the critical parameters for noti-
fication systems, the underlying principle could work for other system types.

Another direction with critical parameters would be to investigate the “level” of the parameter.
Indeed, as shown in this work, perhaps there are sub-classes of systems within a corner of the NS
cube. Perhaps the physical instantiation of the software system (i.e. the platform) has important
ramifications for design that impact the user goals associated with interruption, reaction, and com-
prehension. This would imply an extension of the current critical parameters to include “platform”
or “medium” to capture this idea.

8.3.4 Design Knowledge Reuse

Creating heuristics by using the method described in this work produces significant amounts of
design knowledge on multiple systems. Scenarios, claims, design issues, and the final heuristics
are all reusable packets of design knowledge. Capturing this design knowledge and storing it for
future use would be an important contribution to the notification systems research community.

Efforts exist in which this goal is being pursued. Specifically, significant effort is being put
into the development of the LINK-UP system [17]. This system will provide notification systems
researchers with claims, scenarios, and artifacts to guide design and testing. However, a clear
connection to this system is critical for the method developed in this work. Tool support for
the creation of scenarios and claims, as well as classifying and categorizing claims would allow
broader application of our creation method. Some of the tools in the LINK-UP system could be
used to support these tasks, but some changes would be necessary.

One example is apparent in the analytic module [17] of the LINK-UP system. This module
guides the designer in creating and executing analytic formative evaluations. This involves testing
claims and can be done through heuristic evaluation (as illustrated in Chapter 5). Supporting test
creation and execution can easily be accomplished through software implementations of the testing
procedure used in our experiment. However, tool support would need to be created for importing
heuristics for inclusion in testing, as well as setting up the analytic test. A simple program could
provide the researcher with access to existing sets of heuristics and he/she could then pick and
choose which heuristics to include in the assessment of the chosen claims.

Future work efforts can target the inclusion of the creation method described herein as part of
the analytic module of the LINK-UP system. One important aspect of this inclusion process will be
tying the heuristics to the critical parameters associated with the system class. While the creation
process relied upon the critical parameters for establishing the correct classifications for various
claims, the resulting heuristics are more generic and do not immediately reflect the underlying
critical parameters. Developing the relationship that each heuristic has with the critical parameters
for the system class would be a valuable addition to the analytic module.
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Appendix A

Surveys Used in Preliminary Study

This appendix contains the statements used in the study of generic and specific evaluation methods.
Each statement was rated by the participant using a 7-point Likert scale, ranging from strongly
disagree to strongly agree.

We used this rating to assess how much the statement applied to the interface in question.

A.1 Generic Survey (used for both systems)

1. I could find natural break points in my task to look at the display so | wouldn’t miss important
information.

2. The interface did not distract my attention from my current task.

w

| was able to notice when new information appeared on the display without stopping my
current work.

The interface provides an overall sense of the information.

The interface provides an ability to detect and understand clusters in the information.

The interface supports easy understanding of how information changes over time.

The interface supports easy understanding of links between different types of information.

The interface supports rapid reaction to the information.

© © N o 0 &

Appropriate reactions to the information are obvious and intuitive.

A.2 GAWK Specific Survey

1. The interface provides an overall sense of the status of all groups.
2. | could tell how each group was doing in the project.

3. I could tell if the group work seemed one-sided.
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| could tell which groups needed help.
| got a general sense of what the groups had been doing before today.

| could tell how the groups had worked over time.

S

| was quickly able to tell when useful information was available that | could look at more
carefully when | had time.

o

If | were busy with something, changes in the display would NOT distract me.

9. If I were a part of the class, the information would be useful to me.

A.3 Photo News Board Specific Survey

[ —

. The four quadrants were easily discernible and indicated the separate news areas.
| gained an overall sense of what events where happening in each area.

| could easily tell which news stories were recent and which stories were older.
The movement of the pictures allowed me to know when new stories appeared.
The movement of the pictures did not distract me from my other tasks.

| could tell what category was most interesting to the users in the room.

| like the access to current news stories provided by the interface.

© N o g M w DN

When someone came into the room, | could tell what they were interested in from the high-
lighting.

9. Seeing a news story for a different person’s interest would cause me to start a conversation
with that person about the story.



Appendix B

Scenarios for Systems

This appendix includes the scenarios that were created in the analysis of each of the systems used
in the creation process. We have also included scenarios for the two other systems we used in the
comparison study.

B.1 GAWK

B.1.1 Ms. Lang Surveys Student Groups

Ms. Lang, the sixth grade teacher, just finishes helping group one with posting their experiment
results to the Virtual School project notebook. She needs to determine which group needs help
next. Several students have hands in the air and two are lined up waiting to talk to her. She quickly
looks at the GAWK and surveys the status of her groups. She sees that group five has not been as
active as the others and decides to see if she can help them after taking care of the current line.

B.1.2 Karen Checks For Due Dates

Karen, an eighth grader, is busy working on typing out the processes her team used in their science
experiment. She has several things to do and needs to prioritize by when things are due. As she
finishes typing a sentence, she glances at the GAWK and notes that the introduction materials are
due the next day. She decides to save work on the process description, and begins editing the
introduction, hoping she can finish it before class is over so she won’t have to do homework.

B.1.3 Mr. Bosk Assesses Progress

Mr. Bosk, the eighth grade teacher, is curious about how far along the sixth graders are in their
parts of the projects. As he is giving a quiz, reading the questions to the class, he surveys the
GAWK and notes that most of the sixth-grade groups are not as far along as he would hope, in
regards to the upcoming deadline. He decides to contact Ms. Lang to discuss the situation after
class.

126
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B.2 Photo News Board

B.2.1 Jill Learns About Sports

Jill goes to the break room to relax for a few minutes. It is early in the day and she is the only
one in the break room. She gets her cup of coffee and sets at the table to read her newspaper.
While reading a few headlines she notices movement on the Photo News Board. She looks at the
large screen display and watches as photos of interesting news stories get added to the display.
She finds it interesting to see the display highlight different types of stories, from world news to
entertainment to sports. She also notes that the display highlights more stories about sports than
the other categories. She then recalls that she filled out a form when she came here that stated what
she was most interested in (sports) and realizes that the large screen is simply highlighting stories
that pertain to her interests.

B.2.2 Ted Learns About Jill

Ted goes into the break room to get a cup of coffee and pauses to watch the large screen display.
Since he is the only one in the room, the display focuses on the entertainment section (that is what
he is most interested in). After a few seconds, Jill a new coworker enters the break room. The
display starts highlighting stories from the sports section (since Jill likes sports most). Ted notices
the change in highlighting during a glance up from his paper, and starts some light conversation
about the possible baseball strike. Jill is surprised to learn that Ted knew she liked sports just from
the screen. They continue their conversation as they leave the break room.

B.2.3 Joe Breaks the Ice

Joe, the company boss, makes his way to the break room. He wants to get to know his coworkers a
little better, so they do not always get quiet when he is around. He wants his employees to be able
to come to him with problems if the need arises. Upon entering the break room, he notices Ted
drinking some coffee and reading his newspaper. Joe proceeds to get a cup of coffee, and suddenly
notices highlighting changes on the large screen. He notices a recent story on the new winner of
the “American Idol” competition so he asks Ted what he thinks about the show. Surprised at first,
Ted responds tersely then warms up and starts a more rich conversation with his boss. After the
short conversation, Ted feels like he knows his boss a little better than he did before. Joe thinks the
same about Ted.

B.3 Notification Collage

B.3.1 Bob Checks on Alice

Bob is working with Alice on some paperwork in their lab. Bob must frequently go over to Alice’s
workstation to get her to look at the paperwork and sign documents that are needed. Alice, how-
ever, is often not at her workstation. Bob can uses the Notification Collage so he asks Alice to post
a video feed of her workstation area. Bob will be able to continue doing his work, but stay aware
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of Alice’s presence by glancing at the Notification Collage. By glancing at the system when he
takes a break or has a need to talk to Alice, Bob will be able to quickly realize if Alice is present
at her workstation. He will no longer waste time walking across the lab to find Alice.

B.3.2 Bob Keeps Tabs

Bob is leading a project and is currently working at a different location for the rest of the month. All
the members of the project team would like to keep Bob updated on what is completed. The team
uses the Notification Collage to post notes about their work. Bob uses the Notification Collage to
monitor notes that are posted by the members so that he can stay on top of what is going on. Bob
can now continue to work with new workers at his new location and when he has time, he can look
at the display and see if any notes are posted.

B.3.3 Dock Shares His Work

Dock, a professor running a lab, is proposing changes to the layout of the lab in order to account
for new people using the lab constantly. Dock has drawn out a few layouts that could work well for
the lab. He wants the others in the lab to give him opinions on the layouts. Knowing the lab users
all use the NC, he posts his layouts as a slideshow on the Notification Collage for others to see.
As users come by to the lab to work, they see the Notification Collage on their personal displays
and the common large screen display. The Notification Collage initiates casual interaction among
users who are around the large screen display and leads them to posting notes about the layouts.
Users working at workstations glance at the slideshow and post their opinions. While Dock is
busy writing a proposal, he notices the feedback about the lab layout, considers the opinions, and
updates his proposal budget to include more equipment.

B.4 What's Happening?

B.4.1 Dill Checks on Traffic

Dill is working in his office, but must leave for home in time to make it to an invitation. Unfortu-
nately, the time he plans to leave is the usual time for high traffic in nearby areas. To be able to plan
his journey home, he can use the What's Happening? system running on the large screen display
in the office. Every few minutes, Dill can glance at the display to see if the traffic information is
being displayed as he continues to do his work. Once it is displayed, Dill can quickly determine
the best route for him to take without much effort and will be able to make it home in time.

B.4.2 Alice Learns about Research

Alice is an active researcher in her department. Along with her work, she wishes to be able to
have an idea about other research that other colleagues are working on. She knows that the What'’s
Happening? goes through research pages that many of the researchers have. When Alice is in her
lab, she can use the What's Happening? on the large screen display. While working, the display
updates periodically with new content; she can glance at the pictures that are displayed and see
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screenshots of interfaces that are posted at the researchers’ sites. The system allows her to continue
doing her work and at the same time facilitate her research interest by showing the ideas from other
researchers’ work.

B.4.3 Trudy Checks the Weather

Trudy works in a lab that is located in the center of her building. She usually works in this loca-
tion, but some of her work involves doing to another building. During the winter’s harsh weather
conditions, Trudy would like to be informed of current weather conditions outside. The What’s
Happening? system can inform her of such information. Trudy can now continue to do her work,
and a quick glance at the display will indicate the weather. When she must leave to go to another
building, she can briefly glance at the What's Happening? display and quickly interpret the weather
information. Now she can prepare herself for the weather outside.

B.5 Blue Board

B.5.1 Trudy Posts a Presentation

Trudy works for many people and must often make presentations to groups of people. Often, she
needs to stay aware of scheduling changes in the available meeting rooms. As Trudy prepares a
presentation, she notices a change in room assignments on the BlueBoard. She finishes her current
powerpoint slide, then looks at the display to see if her room has been changed. Fortunatly, she
still has the large conference room with the digital projector.

B.5.2 Alice Stays Informed

Alice works in a lab at her workstation. As she works throughout the day, she wishes to gain an
understanding of announcements and news about the lab and company she works for. Alice knows
that when the BlueBoard is not used, the system goes through the attract loop to show webpages
with such announcements. As she works at her workstation, Alice can glance at the display at her
own will and see which webpage is being displayed. If she sees a page that may be interesting, she
can walk up and use the BlueBoard to browse through the page. The system allows her to continue
doing her work and at the same time be informed of the current news.

B.5.3 Alice Checks Her Schedule

Alice is walking down the hallway, arms full of papers and books, when she suddenly realizes
that she must check her schedule to make sure of the time her next meeting is. Alice is far from
her workstation knows that it would be a waste of time to walk back. Fortunately, she notices
the BlueBoard. She goes to the BlueBoard and it automatically badges-in and gives access to her
posted information. She quickly sees her schedule and confirms the time of her next meeting. In
this case, the BlueBoard provides an answer to a spontaneous need for information. She leaves,
automatically badging-out and continues going on with her work.
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B.6 Plasma Poster

B.6.1 Elizabeth Schedules a Presentation

Elizabeth goes to the kitchen to get some coffee. She glances at the Plasma Poster while pouring a
cup and sees a new announcement for an upcoming presentation by her friend on his recent research
effort. She goes over to the display and reads the date, time, and location of the presentation and
makes a mental note to write it down in her schedule.

B.6.2 Alex and Kathy Make Plans

Alex is walking down the hall to his office, reading a memo, when he sees Kathy looking at the
Plasma Poster. He stops by and sees that she is viewing a posting from a mutual friend in the
building about an informal get together later in the week. He stops, asks her if she is going, and
they make plans to car-pool. He then remembers they have a meeting and suggests they go over
some information beforehand.

B.6.3 Jeff Enjoys Daily Humor

Jeff need a cup of coffee. He heads to kitchen to get a cup. He notices the empty pot and brews
some more. While he fills up the pot with water, his attention falls on the Plasma Poster. He has
seen it before and he looks at the bottom to see what the upcoming content may be. He turns back
to his coffee-making task, sets the coffee-maker, then looks back at the Plasma Poster just in time
to see the news article he noted from the preview list. He reads the article and chuckles to himself
about it as he pours himself a cup of coffee.

B.7 Source Viewer

B.7.1 John Switches Source Content

John is busy with the noon newscast, listening for information from the producer and communi-
cating timing information back. He is focused on his control board which is situated in front of
him. He also must pay close attention to two oscilloscopes representing the volume levels on the
commercial feed and the in-house news cast. A scheduled commercial break is coming up and he
needs to make sure the station logo is played first. He glances at the large screen and sees that the
logo is cued up on DSK1. He selects this source for the PRESET then waits for the cue from the
on-screen talent. At the cue he switches the content. He then loads the next source in the PRESET
window.

B.7.2 Bill Keeps Accurate Records

Bill is busy tracing the station breaks and marking them in his ledger. He gets a call from the
station manager and he continues making the station breaks by glancing at the Source Viewer. He
has just found out that there is an emergency break-in from CBS, posting the results of the New
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Hampshire primaries. He easily switches the content but he must keep track of the planned station
breaks. He periodically glances at the clock and the DSK and PRESET sources while viewing
the highly interesting broadcast; so he can keep accurate records of when scheduled breaks were
to occur. This information is vital for the station as they will have to settle accounts with various
customers who had purchased air time that was pre-empted. The Source Viewer allows Bill to keep
track of the commercials and the times at which they normally would have been broadcast.

B.7.3 Sarah Catches a Problem

Sarah is interning at WDBJ 7 in Roanoke. She wants to go into producing but must start out in
the control room. Today she gets to do the source switching. She has watched John do it for a few
days and she knows how to use the control panel but she is still nervous. As the noon newscast
approaches, she must ensure that the sound levels are correct, that commercial breaks are switched
correctly, and the live newscast gets broadcast. The Source Viewer provides all of the commercial
and local news information and all she has to do is select the correct source and make the switch.
After a few minutes into the newscast, she forgets to switch sources from the live newscast to an
on-location agent. She missed the sound cue from the on-screen talent, and didn't hit the button on
time. As a result, the switch was delayed about 10 seconds and the on-screen talent had to cover
and move on. It wasn't a big deal because Sarah was able to make the switch, and cue up the next
story. The Source Viewer allowed her to catch the problem very quickly and fix it.



Appendix C

System Claims

The following sections contain design tradeoffs in the form of upsides and downsides. These are
the psychological impacts of specific design features. We abbreviate the typical claim format to
include the feature in line with the tradeoft.

C.1 GAWK Upsides and Downsides

+comparing groups/relative effort helps a teacher decide who needs help

¢ +showing deadlines helps students form goals

¢ +showing deadlines helps teachers focus students on tasks

e +showing work history shows group reputation for success

e +showing types of work completed gives a sense of what contributions are still necessary
e -public comparison of efforts may be embarrassing for students or grade groups

e +use of timeline to convey history, present status, upcoming requirements is a strong metaphor
e +3D rep of “today” in front helps people understand what'’s closest

e +Banner suggests late-breaking changes and adds excitement

e -Timeline constrains lateral description space

e -3d Metaphor may be missed since it looks like a clickable object

e -banner info is often old, not exciting

e +stacking groups and separating with bold line allows easy comparison

e +“today” day is referred to most and should be in center and largest

e +showing work effort according to group and grade is most meaningful
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e +banner on top allows people to notice changed items first

e +days are distinct as a thin vertical line

e -one-line banner is difficult to parse

e -space constrained for past items

e -entire 6th/8th grade performance difficult to realize

e -wasted space for future days

e +Red deadlines stand out and imply importance

e +green highlight stands out as item being described in banner

e +green highlight is not overly obtrusive

e +lack of other color reduces visual clutter and avoids confusion (unintended meaning)
e +blue highlight for new item flashing retains low obtrusiveness

e +dashed green highlight associates item versions

e -heavy use of red draws focus away from past and current screen areas

e -green highlight may not be visible on white background

e +San serif font and large size for easy reading from far away

e +icons show what work was a document, chat, or photo without requiring much space
e +chat icons show direction of chat and allow teachers to infer who'’s leading efforts
e -size constrains message length to 70-80 characters

e -small icons difficult to distinguish (from a distance)

o +lack of audio prevents distraction/annoying noises

e -rely on visual features totally to convey presence of new info, alerts, etc.

e +fading banner minimizes distraction

e +animated banner allows a lot of info to be cycled

e +transition of icon highlight corresponds with banner update to suggest association
e +new item flashing allows quick recognition of changes

¢ -flashing duration may be too short and go unnoticed

¢ -flashing with highlighting changes may be confusing
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-must watch whole cycle before getting text (banner) info for new item, causing frustra-
tion/confusion/interruption

+lcons appear clickable and allow access to work item details

-3d day presentation may appear clickable, when it is not

-clickability of deadlines not conveyed

+single screen is good for quickly recognizing changes or noticing changes over time
+single screen is easy to learn

+major screen changes occur at the very beginning of a session/day and aren’t interruptive
+new icons appear as work is completed, showing dynamic snapshot of progress
-icons may be unexplained until banner cycle updates

-difficult to anticipate highlighting sequence

+icon selection is validated by banner updating and highlight movement

+new icon flashing and presence provides acknowledgement of item submission
+accommodates addition of groups and days to allow increase in project awareness
+add deadlines or banner messages to promote new activities, actions, plans

-too many groups/days makes interface too cluttered

-messages added to banner may not be noticed quickly

C.2 Photo News Board Upsides and Downsides

+seeing news summaries allows people to know the current status of news areas
+seeing photos triggers curiosity about topics

+new items arriving indicates when news is happening

+showing history of photos allows tracking over time

+showing interests of room occupants triggers conversation among them

+quadrants allow awareness of news categories that people are interested in

-showing interests publicly may be embarrassing or controversial

-people may not recognize photos but are still interested in the topic (missed information)

+lack of metaphor use allows for less prerequisite knowledge
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+pictorial representation of story will draw interest to the story
+collage metaphor suggests loose connection between stories
-may not associate photos with stories

-collage metaphor may give disorderly haphazard appearance

+categorizing stories and arranging them in quadrants allows for comparison of relative
amount of news coverage for a topic

+showing new items as larger and near center facilitates recognition

+keeping older photos on edges gives sense of relative age of stories

+showing older photos with new allows for tracking stories over time

+banner design optimizes screen space for photos

+small amount of white space separates individual photos

-may not be obvious which quadrants are associated with which news topics

-may not be clear that larger, center items are new; could be construed as importance
-may not notice banner information immediately

+color photos are appealing to look at

+blue boundaries on quadrants is pleasing color, produces a calming effect

+gray background on banner separates it from photo area

+low contrast in all but one item focuses attention to the item (transparency)

+using sans serif font facilitates reading

+different sized pictures indicates relative age of pictures

-font may be too small to read from long distances

-smallest pictures may not be recognizable (on outer edges)

+lack of audio prevents distraction/annoyance

-relies on visual system for information changes

+showing movement of pictures when new items arrives facilitates recognition of new items
+highlighting disappears/reappears to allow quick recognition of change

+text changes with highlighting aids association of the banner info to the pictures
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e -multiple movements (transitioning photos and changed highlighting) can be confusing
e -abrupt changes in highlighting can cause distraction

e -movement of pictures prevents tracking of favorite stories (see where it goes)

e +showing options menu with arrow symbol implies you can click it to get the options

e -the fact that you can click on a picture is not immediately clear

e tsingle screen facilitates recognition of changes to information over time (easy to notice a
difference)

e +single interface promotes learnability

e +options appear near option menu

e +movement pattern has pleasing effect and is not interruptive

e +clicking a picture brings it to center with story for easy reading/viewing
e -once a quadrant is full of pictures, older ones are moved off and lost

¢ -highlighting pattern is random which introduces uncertainty

e -a selected photo hides the photos behind it

e +photo selection is shown by making the photo appear in full color in center of screen with
news story directly below it

e +options appear when options button is clicked
¢ -no immediate indication for when set of preferences changes (person leaves or enters room)

e -lack of association of preferences to a person may inhibit spontaneous communication (no
way to tell who causes preference highlighting)

e tselecting speed, animation, and fonts promotes use
¢ +allows people to find most/least distracting settings
e -multiple users may not agree on settings

e -high speed setting slows processing (animation)
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C.3 Notification Collage Upsides and Downsides

+ collage metaphor allows users to informally post information without any regards to orga-
nization

+ background supports the idea of graffiti. ie: put anything you want for everyone to see

- lack of organization because of collage metaphor can hinder efforts to find an artifact

+ posting of live video, sticky notes, slide shows, etc. afford a wide variety of media forms
+ live video allows a quick and easy way of showing presence

- lack of option limiting number of artifacts does not allow client to control clutter

+ filter options to hide artifacts can reduce some clutter

- live video broadcast reduces privacy for users

- full screen forces the user to use a secondary display

+ adjustable vertical bar lets user take control of the space

+ right side allows user to identify important artifacts

- users define screen space

+ scattered arrangement of artifacts across screen accurately reflects the collage metaphor
+ background affords graffiti-like use

- the background of the area on the right of the vertical bar does not convey the absence of
artifact competition

+ font size is readable at large screen display

- font size is too big for a personal display. a smaller size could save screen space

- use of a fancier font decreases clarity

+ lack of audio decreases interruption and information overload, avoiding sensory overload
- transition of the slideshow can distract users

+ customizing the rate at which the video feed updates allows user to control interruption

- rapid animated updates to artifacts cause the artifact to move to the front at a constant rate
- lack of organization frustrates users when trying to look for an artifact

+ lack of organization creates an informal virtual environment for users

+ artifacts placed on the right side of the vertical bar allows users to do their own organization
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+ vertical bar clearly defines where artifacts must be arranged in order to preserve them
e + the system affords an environment in which users can be aware of each other

¢ + slideshow artifact allows multiple images to be shown in limited space

e - photo artifact uses a lot of space

e - chatting by using the post-it notes creates a distraction for others not chatting

e - system does not stop users from posting what may not be appropriate

e + vertical bar allows user to control what artifacts must remain in clear view

e - users hiding certain artifacts may miss important information

¢ - the design of the vertical bar is not intuitive. users may not know they can drag it
e - raising of context menu to initiate direct communication is not intuitive

e - left clicking on a webpage artifact does not take user directly to the page

e - left clicking on a picture does not open then picture in a picture editor

e + right clicking on an artifact raises the context menu to be able to contact the user that
posted the artifact

e - competition between artifacts result in artifacts suddenly appearing on top, creating a dis-
traction

e - slideshow artifact does not have smooth transitions

e - the system does not support receiving a receipt once an artifact is viewed by intended users
¢ + the video feed allows a user to constantly be aware of people working in the lab

e + the system allows users to filter out artifacts that aren’t needed

e - the system does not allow a user to limit the number of artifacts viewable at any point in
time

e - users do not have the ability to control the refresh rate of a video feed another person is
posting

- users can not configure transition of slideshow

- users can not resize artifacts to tailor their use of space
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C.4 What's Happening? Upsides and Downsides

+ collage metaphor allowed the system to place pictures in an unorganized fashion to use
more screen space

- system does not allow users to post information at their will
- the system does not allow users to access the page from which the pictures were taken from
- users do not have a way of going back to check what was on the system

+ since the system is designed to be opportunistic, users are not forced to regularly check the
pictures on the system

- the system did not allow users to filter certain types of images
+ using pictures as a single form of information delivery reduces the information clutter

- full screen use in a screen saver does not allow the user to use their personal computer and
monitor the system at the same time on a personal display

+ scattered arrangement of pictures across screen accurately reflects the collage metaphor
+ not using text descriptions allows more pictures to be shown
- pictures uses a lot of space

- bits of text displayed do not use as much space as they could for users to be able to read
from greater distances

- the black background of the system does not convey the collage metaphor

- the background is a single color that may blend with pictures that may use the same color
at the edges

- font size is too small for a large screen display

+ smaller font size accurately conveys the system’s concentration on pictures instead of text
- use of a fancier font (italic) decreases clarity

+ lack of audio conveys the system’s concentration on visual information

- system does not use audio to alert users when new information is posted

+ lack of animated pictures or video decreases interruption produced by the system

- lack of organization frustrates users if pictures are covered by others

+ lack of organization expresses the variations in types of pictures the system can display
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- users do not have a way of moving pictures around to be able to see pictures that may be
partially covered

- the system does not group pictures in the regions according to their source or type of
information

- pictures that are covered do not resurface to the front

+ the system affords an environment in which users can be aware of each other and their
community

- using an 18 month threshold for webpages allows the system to show information that may
be up to 18 months old and irrelevant

- the validity of the information displayed on the system depends on the validity of the
websites used

- the system does not afford posting information
+ the system affords glancing at the display to retrieve information opportunistically
- lack of filters do not allow users to stop certain pieces of information

- the system doesn’t not allow any direct interaction since any type of input exits the screen-
saver

- trying to click on a picture or text does not take the user to the page it was found at

- pictures appearing/disappearing suddenly may distract users since there is no apparent use
of a fade in/out feature

- the system does not provide any feedback on progress towards personal goals

- there is no support for error recovery since the information displayed is driven by the system
- irrelevant or old information can not be changed or removed

- users can not change the amount of time a picture is displayed

- users can not request a specific picture again

- the system does not allow a user to limit the number of pictures viewable at any point in
time

- users can not configure the rate at which pictures from a source appear
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C.5 Blue Board Upsides and Downsides

+ the finger-painting metaphor is accurately conveyed in the whiteboard

+ system allows rapid exchange of information by dragging and dropping

+ not using a keyboard or mouse simplifies all activities

- lack of keyboard does not allow users to log into site they may want to see

+ system allows users to display calendars to quickly schedule activities

+ whiteboard provides a quick space in which users can write and/or draw

+ badging-in allows users to access their own posted information

- system browser does not support all standard browsing features (ie. ctrl-f)

+ system displays web pages tailored to the location in the attract loop

+ dock clearly displays users that are badged-in on the right side of the screen
+ main screen area provides enough space for browsing and whiteboard use
+ background of the dock clearly separates the dock from the rest of the space
+ lack of a background in the main screen area affords using all the screen space at all times.
- readability of fonts used will depend on information that is posted by users

- lack of keyboard may lead to writing on the whiteboard that is illegible

+ lack of audio conveys the system’s concentration on visual information

- system does not use audio when an updated site is displayed in the attract loop to notify
people of the update

+ use of alpha-blend to transition between webpage in the attract loop decreases interruption
+ badged-in users are clearly arranged on the right side

- the system does not arrange information based on their type. they are all shown in the same
screen area

+ the system afford quick exchange of information

+ users can be notified of webpages tailored to their interests based on their location

+ the back button afford quick retrieval of previously displayed pages in the attract loop
+ badge-in process allow quick access to personal information space

+ whiteboard affords quick and informal sketches
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- whiteboard affords illegible writing since there isn’t a pen

- system does not force a user to badge-out, leaving their account logged in so that others
may pass information to fill their inbox

+ use of fingers makes the system interface more intuitive

- the system does not allow a user to see another users page unless the other user is actually
badged-in

- the system does not allow a user to pass information they find on the BB to a user who is
not badged-in

+ touching screen while using the whiteboard draws a line
+ touching a link on a page allows you to go to where the link points

+ touching and moving an object to the dock is an intuitive way of sending the information
to a user

+ system uses alpha-blend to transition between webpages
+ emails that are sent about information exchanged act as progress receipts
+ social interaction around the display can result in feedback on information displayed

- the system does not allow you to stop a transfer of information done to to another user by
mistake

- users can not configure the interface to accommodate their own needs

+ lack of configuration options allows all users to know exactly how the system will behave
at all times since everyone will use the same interface

- users can not change the amount of time a webpage is displayed in the attract loop



Appendix D

Electronic Problem Tree

This appendix contains the electronic problem tree containing all of the claims for the five systems
(GAWK, Photo News Board, Notification Collage, What's Happening?, and Blue Board) as they
were categorized and classified in the heuristics creation process.

Key

GAWK = GAWK
PNB = Photo News Board
WH = What's Happening?
NC = Notification Collage
BB = Blue Board

D.1 Activity Design

Activity design encompasses the capabilities of the system, the tasks that users can accomplish
through the interface. Sub-categories include use of metaphors and supported/unsupported activi-
ties.

D.1.1 Metaphors

Metaphors in interface design refer to leveraging existing knowledge about other real world objects
in the design to strengthen the user’s understanding of the system. An example is the “desktop”
metaphor found in most single-user computer systems.

High Interruption

e +Banner suggests late-breaking changes and adds excitement (GAWK)

e +pictorial representation of story will draw interest to the story (PNB)
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e -collage metaphor may give disorderly haphazard appearance (PNB)
e -lack of organization because of collage metaphor can hinder efforts to find an artifact (NC)

e +collage metaphor allowed the system to place pictures in an unorganized fashion to use
more screen space (WH)

Low Interruption

None

High Reaction

e +Banner suggests late-breaking changes and adds excitement (GAWK)
e +3D rep of “today” in front helps people understand what'’s closest (GAWK)

e +use of timeline to convey history, present status, upcoming requirements is a strong metaphor
(GAWK)

e +pictorial representation of story will draw interest to the story (PNB)

Low Reaction

e -banner info is often old, not exciting (GAWK)

High Comprehension

e +background supports the idea of graffiti. ie: put anything you want for everyone to see
(NC)

e +collage metaphor suggests loose connection between stories (PNB)
e +lack of metaphor use allows for less prerequisite knowledge (PNB)
e +3D rep of “today” in front helps people understand what'’s closest (GAWK)

e +use of timeline to convey history, present status, upcoming requirements is a strong metaphor
(GAWK)

Low Comprehension

¢ -3d Metaphor may be missed since it looks like a clickable object (GAWK)
¢ -Timeline constrains lateral description space (GAWK)
e -banner info is often old, not exciting (GAWK)

e -may not associate photos with stories (PNB)
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-collage metaphor may give disorderly haphazard appearance (PNB)
-lack of organization because of collage metaphor can hinder efforts to find an artifact (NC)

+collage metaphor allowed the system to place pictures in an unorganized fashion to use
more screen space (WH)

Unclassified

+collage metaphor allows users to informally post information without any regards to orga-
nization (NC)

+the finger painting metaphor is accurately conveyed in the whiteboard (BB)

D.1.2 Supported/Unsupported Activities

High Interruption

+seeing photos triggers curiosity about topics (PNB)
+new items arriving indicates when news is happening (PNB)

-people may not recognize photos but are still interested in the topic (missed information)
(PNB)

+live video allows a quick and easy way of showing presence (NC)
+posting of live video, sticky notes, slide shows, etc. allows information sharing (NC)

-chatting by using the post-it notes creates a distraction for others not chatting (NC)

Low Interruption

+using pictures as a single form of information delivery reduces the information clutter (WH)

+since the system is designed to be opportunistic, users are not forced to regularly check the
pictures on the system (WH)

+filter options to hide artifacts can reduce some clutter (NC)

-lack of filters do not allow users to stop certain pieces of information (WH)

+the system affords glancing at the display to retrieve information opportunistically (WH)
+vertical bar allows users to control what artifacts must remain in clear view (NC)

-users hiding certain artifacts may miss important information (NC)

+the video feed allows a user to constantly be aware of people working in the lab (NC)
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High Reaction

+showing deadlines helps students form goals (GAWK)
+showing deadlines helps teachers focus students on tasks (GAWK)

+showing types of work completed gives a sense of what contributions are still necessary
(GAWK)

+comparing groups/relative effort helps a teacher decide who needs help (GAWK)
+showing interests of room occupants triggers conversation among them (PNB)
+quadrants allow awareness of news categories that people are interested in (PNB)
+seeing photos triggers curiosity about topics (PNB)

+seeing news summaries allows people to know the current status of news areas (PNB)
+filter options to hide artifacts can reduce some clutter (NC)

+live video allows a quick and easy way of showing presence (NC)

+posting of live video, sticky notes, slide shows, etc. allows information sharing (NC)
+system allows rapid exchange of information by dragging and dropping (BB)

+users can be notified of webpages tailored to their interests based on their location (BB)

+the video feed allows a user to constantly be aware of people working in the lab (NC)

Low Reaction

-people may not recognize photos but are still interested in the topic (missed information)
(PNB)

+since the system is designed to be opportunistic, users are not forced to regularly check the
pictures on the system (WH)

+filter options to hide artifacts can reduce some clutter (NC)

+the system affords glancing at the display to retrieve information opportunistically (WH)

High Comprehension

+comparing groups/relative effort helps a teacher decide who needs help (GAWK)
+showing deadlines helps students form goals (GAWK)
+showing deadlines helps teachers focus students on tasks (GAWK)

+showing work history shows group reputation for success (GAWK)
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e +showing types of work completed gives a sense of what contributions are still necessary
(GAWK)

e -public comparison of efforts may be embarrassing for students or grade groups (GAWK)
e +showing history of photos allows tracking over time (PNB)

e +new items arriving indicates when news is happening (PNB)

e +showing interests of room occupants triggers conversation among them (PNB)

e +quadrants allow awareness of news categories that people are interested in (PNB)

e -showing interests publicly may be embarrassing or controversial (PNB)

e +seeing news summaries allows people to know the current status of news areas (PNB)
e +using pictures as a single form of information delivery reduces the information clutter (WH)
o +filter options to hide artifacts can reduce some clutter (NC)

¢ +live video allows a quick and easy way of showing presence (NC)

e +posting of live video, sticky notes, slide shows, etc. allows information sharing (NC)

¢ +system allows rapid exchange of information by dragging and dropping (BB)

e +system displays web pages tailored to the location in the attract loop (BB)

e -system does not force a user to badge-out, leaving their account logged in so that others
may pass information to fill their inbox (BB)

e +users can be notified of webpages tailored to their interests based on their location (BB)
e +the system affords an environment in which users can be aware of each other (NC)
o +slideshow artifact allows multiple images to be shown in limited space (NC)

e +system affords an environment in which users can be aware of each other and their com-
munity (WH)

¢ +the video feed allows a user to constantly be aware of people working in the lab (NC)
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Low Comprehension

-people may not recognize photos but are still interested in the topic (missed information)
(PNB)

-the system did not allow users to filter certain types of images (WH)
+filter options to hide artifacts can reduce some clutter (NC)
-lack of filters do not allow users to stop certain pieces of information (WH)

-using an 18 month threshold for webpages allows the system to show information that may
be up to 18 months old and irrelevant (WH)

- users hiding certain artifacts may miss important information (NC)

-the system does not support receiving a receipt once an artifact is viewed by intended users
(NC)

-lack of association of preferences to a person may inhibit spontaneous communication (no
way to tell who causes preferences highlighting) (PNB)

-no immediate indication for when set of preferences changes (person leaves or enters room)
(PNB)

-the system does not provide any feedback on progress towards personal goals (WH)

Unclassified

-the system does not allow users to access the page from which the pictures were taken from
(WH)

-system does not allow users to post information at their will (WH)

-users do not have a way of going back to check what was on the system (WH)

-live video broadcast reduces privacy for users (NC)

-lack of option limiting number of artifacts does not allow client to control clutter (NC)
+system allows users to display calendars to quickly schedule activities (BB)
+whiteboard provides a quick space in which users can write and/or draw (BB)
+badging-in allows users to access their own posted information (BB)

-lack of keyboard does not allow users to log into site they may want to see (BB)

-system browser does not support all standard browsing features (BB)
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D.2 Information Design

D.2.1 Screen Space
High Interruption
e -one-line banner is difficult to parse (GAWK)

e +scattered arrangement of artifacts across screen accurately reflects the collage metaphor
(NC)

e +scattered arrangement of pictures across screen accurately reflects the collage metaphor
(WH)

e -photo artifact uses a lot of space (NC)
e -pictures uses a lot of space (WH)
e +adjustable vertical bar lets user take control of the space (NC)

e -users define screen space (NC)

Low Interruption
e +right side allows user to identify important artifacts (NC)
e +small amount of white space separates individual photos (PNB)
e +adjustable vertical bar lets user take control of the space (NC)

e -users define screen space (NC)

High Reaction

e +“today” day is referred to most and should be in center and largest (GAWK)

Low Reaction

none

High Comprehension
e +“today” day is referred to most and should be in center and largest (GAWK)
e +showing work effort according to group and grade is most meaningful (GAWK)
e +right side allows user to identify important artifacts (NC)
e +dock clearly displays users that are badged-in on the right side of the screen (BB)
¢ +small amount of white space separates individual photos (PNB)

e +banner design optimizes screen space for photos (PNB)
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Low Comprehension

-space constrained for past items (GAWK)
-wasted space for future days (GAWK)

+scattered arrangement of artifacts across screen accurately reflects the collage metaphor
(NC)

+scattered arrangement of pictures across screen accurately reflects the collage metaphor
(WH)

-bits of text displayed do not use as much space as they could for users to be able to read
from greater distances (WH)

Unclassified

-full screen forces the user to use a secondary display (NC)
+main screen area provides enough space for browsing and whiteboard use (BB)

-full screen use in a screen saver does not allow the user to use their personal computer and
monitor the system at the same time on a personal display (WH)

D.2.2 Object and Background Colors
High Interruption

-the background is a single color that may blend with pictures that may use the same color
at the edges (WH)

+low contrast in all but one item focuses attention to the item (transparency) (PNB)
+color photos are appealing to look at (PNB)

+green highlight stands out as item being described in banner (GAWK)

+Red deadlines stand out and imply importance (GAWK)

-heavy use of red draws focus away from past and current screen areas (GAWK)

Low Interruption

+background of the dock clearly separates the dock from the rest of the space (BB)
+blue boundaries on quadrants is pleasing color, produces a calming effect (PNB)
+gray background on banner separates it from photo area (PNB)

+green highlight is not overly obtrusive (GAWK)
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e +blue highlight for new item flashing retains low obtrusiveness (GAWK)
e -green highlight may not be visible on white background (GAWK)

e +lack of other color reduces visual clutter and avoids confusion (unintended meaning) (GAWK)

High Reaction
e +low contrast in all but one item focuses attention to the item (transparency) (PNB)
e +color photos are appealing to look at (PNB)

e +green highlight stands out as item being described in banner (GAWK)

Low Reaction

e -green highlight may not be visible on white background (GAWK)

High Comprehension
e +low contrast in all but one item focuses attention to the item (transparency) (PNB)
e +gray background on banner separates it from photo area (PNB)
e +lack of other color reduces visual clutter and avoids confusion (unintended meaning) (GAWK)
¢ +Red deadlines stand out and imply importance (GAWK)

e +dashed green highlight associates item versions (GAWK)

Low Comprehension

e -the background is a single color that may blend with pictures that may use the same color
at the edges (WH)

¢ -the background of the area on the right of the vertical bar does not convey the absence of
artifact competition (NC)

e -heavy use of red draws focus away from past and current screen areas (GAWK)

Unclassified

e -the black background of the system does not convey the collage metaphor (WH)

e +lack of a background in the main screen area affords using all the screen space at all times
(BB)

e +background affords graffiti-like use (NC)
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D.2.3 Use of Fonts
High Interruption

e -use of a fancier font decreases clarity (NC)

e -readability of fonts used will depend on information that is posted by users (BB)
e -font size is too small for a large screen display (WH)

e -use of a fancier font decreases clarity (WH)

e -font may be too small to read from long distances (PNB)

e +icons show what work was a document, chat, or photo without requiring much space
(GAWK)

e -small icons difficult to distinguish (from a distance) (GAWK)

e -smaller font size is harder to read on the large screen display (WH)

Low Interruption

e +font size is readable at large screen display (NC)
e -readability of fonts used will depend on information that is posted by users (BB)
e +using sans serif font facilitates reading (PNB)

e +San serif font and large size for easy reading from far away (GAWK)

High Reaction

none

Low Reaction

none

High Comprehension

e +using sans serif font facilitates reading (PNB)
o +different sized pictures indicates relative age of pictures (PNB)
e +San serif font and large size for easy reading from far away (GAWK)

e +icons show what work was a document, chat, or photo without requiring much space
(GAWK)

e +chaticons show direction of chat and allow teachers to infer who'’s leading efforts (GAWK)
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Low Comprehension

-font size is too small for a large screen display (WH)

-font may be too small to read from long distances (PNB)

-smallest pictures may not be recognizable (on outer edges) (PNB)
-small icons difficult to distinguish (from a distance) (GAWK)
-smaller font size is harder to read on the large screen display (WH)

-size constrains message length to 76 characters (GAWK)

Unclassified

-font size is too big for a personal display. a smaller size could save screen space (NC)

-lack of keyboard may lead to writing on the whiteboard that is illegible (BB)

D.2.4 Use of Audio
High Interruption

-rely on visual features totally to convey presence of new info, alerts, etc. (GAWK)

-relies on visual system for information changes (PNB)

Low Interruption

+lack of audio prevents distraction/annoying noises (GAWK)
+lack of audio prevents distraction/annoyance (PNB)

+lack of audio decreases interruption and information overload, avoiding sensory overload
(NC)

-system does not use audio to alert users when new information is posted (WH)

-system does not use audio when an updated site is displayed in the attract loop to notify
people of the update (BB)

High Reaction

none
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Low Reaction

-system does not use audio to alert users when new information is posted (WH)

-system does not use audio when an updated site is displayed in the attract loop to notify
people of the update (BB)

High Comprehension

none

Low Comprehension

none

Unclassified

+lack of audio conveys the system’s concentration on visual information (BB)

+lack of audio conveys the system’s concentration on visual information (WH)

D.2.5 Use of Animation

High Interruption

-rapid animated updates to artifacts cause the artifact to move to the front at a constant rate
(NC)

-transition of the slideshow can distract users (NC)

+showing movement of pictures when new items arrives facilitates recognition of new items
(PNB)

+highlighting disappears/reappears to allow quick recognition of change (PNB)

+text changes with highlighting aids association of the banner info to the pictures (PNB)
-multiple movements (transitioning photos and changed highlighting) can be confusing (PNB)
-abrupt changes in highlighting can cause distraction (PNB)

+new item flashing allows quick recognition of changes (GAWK)

-must watch whole cycle before getting text (banner) info for new item, causing frustra-
tion/confusion/interruption (GAWK)

-flashing with highlighting changes may be confusing (GAWK)

-highlighting pattern is random which introduces uncertainty (PNB)
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e -competition between artifacts result in artifacts suddenly appearing on top, creating a dis-
traction (NC)

e -pictures appearing/disappearing suddenly may distract users since there is no apparent use
of a fade in/out feature (WH)

e -slideshow artifact does not have smooth transitions (NC)

¢ -difficult to anticipate highlighting sequence (GAWK)

Low Interruption

e +use of alpha-blend to transition between webpage in the attract loop decreases interruption
(BB)

o +lack of animated pictures or video decreases interruption produced by the system (WH)
e +fading banner minimizes distraction (GAWK)
¢ -flashing duration may be too short and go unnoticed (GAWK)

e +major screen changes occur at the very beginning of a session/day and aren’t interruptive
(GAWK)

e +movement pattern has pleasing effect and is not interruptive (PNB)

e +system uses alpha-blend to transition between webpages (BB)

High Reaction

e +showing movement of pictures when new items arrives facilitates recognition of new items
(PNB)

¢ +highlighting disappears/reappears to allow quick recognition of change (PNB)

e +new item flashing allows quick recognition of changes (GAWK)

Low Reaction

e -flashing duration may be too short and go unnoticed (GAWK)

High Comprehension

¢ +showing movement of pictures when new items arrives facilitates recognition of new items
(PNB)

e +text changes with highlighting aids association of the banner info to the pictures (PNB)
e +animated banner allows a lot of info to be cycled (GAWK)

e +transition of icon highlight corresponds with banner update to suggest association (GAWK)
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Low Comprehension

-multiple movements (transitioning photos and changed highlighting) can be confusing (PNB)
-movement of pictures prevents tracking of favorite stories (see where it goes) (PNB)
-flashing with highlighting changes may be confusing (GAWK)

-highlighting pattern is random which introduces uncertainty (PNB)

-difficult to anticipate highlighting sequence (GAWK)

-icons may be unexplained until banner cycle updates (GAWK)

-once a quadrant is full of pictures, older ones are moved off and lost (PNB)

Unclassified

none

D.2.6 Grouping of Information Items

High Interruption

-lack of organization frustrates users if pictures are covered by others (WH)

-lack of organization frustrates users when trying to look for an artifact (NC)

+showing new items as larger and near center facilitates recognition (PNB)

-may not be obvious which quadrants are associated with which news topics (PNB)

-may not be clear that larger, center items are new; could be construed as importance (PNB)

+cyclic banner on top allows people to notice changed items first (GAWK)

Low Interruption

+artifacts placed on the right side of the vertical bar allows users to do their own organization
(NC)

+vertical bar clearly defines where artifacts must be arranged in order to preserve them (NC)

+categorizing stories and arranging them in quadrants allows for comparison of relative
amount of news coverage for a topic (PNB)

-may not notice banner information immediately (PNB)

+stacking groups and separating with bold line allows easy comparison (GAWK)
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High Reaction

+showing new items as larger and near center facilitates recognition (PNB)
+stacking groups and separating with bold line allows easy comparison (GAWK)

+cyclic banner on top allows people to notice changed items first (GAWK)

Low Reaction

none

High Comprehension

+lack of organization expresses the variations in types of pictures the system can display
(WH)

+badged-in users are clearly arranged on the right side (BB)

+artifacts placed on the right side of the vertical bar allows users to do their own organization
(NC)

+vertical bar clearly defines where artifacts must be arranged in order to preserve them (NC)

+categorizing stories and arranging them in quadrants allows for comparison of relative
amount of news coverage for a topic (PNB)

+keeping older photos on edges gives sense of relative age of stories (PNB)
+showing older photos with new allows for tracking stories over time (PNB)
+stacking groups and separating with bold line allows easy comparison (GAWK)

+weeks are distinct as a thin vertical line (GAWK)

Low Comprehension

-the system does not group pictures in the regions according to their source or type of infor-
mation (WH)

-pictures that are covered do not resurface to the front (WH)

-the system does not arrange information based on their type. they are all shown in the same
screen area (BB)

-lack of organization frustrates users when trying to look for an artifact (NC)
-may not be clear that larger, center items are new; could be construed as importance (PNB)
-may not notice banner information immediately (PNB)

-entire 6th/8th grade performance difficult to realize (GAWK)
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Unclassified

e -users do not have a way of moving pictures around to be able to see pictures that may be
partially covered (WH)

e +lack of organization creates an informal virtual environment for users (NC)

D.3 Interaction Design

D.3.1 Recognition of Affordances
High Interruption

none

Low Interruption

none

High Reaction

none

Low Reaction

none

High Comprehension

none

Low Comprehension

none

Unclassified

+use of fingers makes the systems interface more intuitive (BB)
e -whiteboard causes illegible writing since there isn’t any pen (BB)
e +badge-in process allows quick access to personal information spaces (BB)

e -the system does not allows a user to pass information they find on the BB to a user who is
not badged-in (BB)

¢ +the system affords quick exchange of information (BB)

e +whiteboard affords quick and informal sketches (BB)
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e +the back button affords quick retrieval of previously displayed pages in the attract loop
(BB)

e +icons appear clickable and allow access to work item details (GAWK)
¢ -clickability of deadlines not conveyed (GAWK)

e -they system does not allow a user to see another users page unless the other user is actually
badged-in (BB)

e -the system does not afford posting information (WH)

e -the fact that you can click on a picture is not immediately clear (PNB)

e +showing options menu with arrow symbol implies you can click it to get the options (PNB)
e -raising of context menu to initiate direct communication is not intuitive (NC)

e -system does not stop from posting what may not be appropriate (NC)

e -the design of the vertical bar is not intuitive. users may not know they can drag it (NC)

¢ -the validity of the information displayed on the system depends on the validity of the web-
sites used (WH)

e -3D day presentation may appear clickable, when it is not (GAWK)

e -users hiding certain artifacts may miss important information (filtering) (NC)

D.3.2 Behavior of Interface Control
High Interruption

none

Low Interruption

none

High Reaction

none

Low Reaction

none

High Comprehension

none
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Low Comprehension

none

Unclassified

e +touching screen while using the whiteboard draws a line (BB)

e +touching and moving an object to the dock is an intuitive way of sending the information
to a user (BB)

e +right clicking on an artifact raises the context menu to be able to contact the user that posted
the artifact (NC)

e -the system does not allow any direct interaction since any type of input exists the screensaver
(WH)

e -trying to click on a picture or text does not take the user to the page it was found at (WH)
e -left clicking on a picture does not open the picture in a picture editor (NC)
e -left clicking on a webpage artifact does not take the user directly to the page (NC)

e +not using a keyboard or mouse simplifies all activities (BB)

D.3.3 Expected Transition of State
High Interruption

none

Low Interruption

e +single screen is good for quickly recognizing changes or noticing changes over time (GAWK)

High Reaction

e +single screen facilitates recognition of changes to information over time (easy to notice a
difference) (PNB)

e +new icons appear as work is completed, showing dynamic snapshot of progress (GAWK)

Low Reaction

none
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High Comprehension

e +single screen facilitates recognition of changes to information over time (easy to notice a
difference) (PNB)

e +single screen is good for quickly recognizing changes or noticing changes over time (GAWK)

e +new icons appear as work is completed, showing dynamic snapshot of progress (GAWK)

Low Comprehension

e -a selected photo hides the photos behind it (PNB)

Unclassified

+clicking a picture brings it to the center with the story for easy reading/viewing (PNB)

+options appear near option menu (PNB)

+single screen is easy to learn (GAWK)

+single interface promotes learnability (PNB)

D.3.4 Support for Undo/Error Recovery
High Interruption

none

Low Interruption

none

High Reaction

none

Low Reaction

none

High Comprehension

none

Low Comprehension

none
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Unclassified

e -irrelevant or old information can not be changed or removed (WH)

e -the system does not allow you to top a transfer of information done to another user by
mistake (BB)

e -thereis no support for error recovery since the information displayed is driven by the system
(WH)

D.3.5 Feedback about Progress on Task Goals
High Interruption

none

Low Interruption

none

High Reaction

none

Low Reaction

none

High Comprehension

e +icon selection is validated by banner updating and highlight movement (GAWK)

e +new icon flashing and presence provides acknowledgement of item submission (GAWK)

Low Comprehension

none

Unclassified

e +photo selection is shown by making the photo appear in full color in the center of the screen
with news story directly below it (PNB)

e +options appear when options button is clicked (PNB)
e +e-mails that are sent about information exchanged act as progress receipts (BB)

e +social interaction around the display can result in feedback on information (BB)
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D.3.6 Configurability Level for Usage Experience

High Interruption

+the system allows users to filter out artifacts that aren’t needed (NC)

-the system does not allow a user to limit the number of pictures viewable at any point in
time (WH)

-users can not change the amount of time a picture is displayed (WH)
-users can not configure the rate at which pictures from a source appear (WH)
-users can not configure transition of slideshow (NC)

-the system does not allow a user to limit the number of artifacts viewable at any point in
time (NC)

-users do not have the ability to control the refresh rate of a video feed another person is
posting (NC)

+allows people to find the most distracting settings (PNB)
-too many groups/days makes interface too cluttered (GAWK)

+customizing the rate at which the video feed updates allows user to control interruption
(NC)

-high speed settings slows processing (animation) (PNB)

Low Interruption

-users can not change the amount of time a webpage is displayed in the attract loop (BB)
+allows people to find the least distracting settings (PNB)
-messages added to banner may not be noticed quickly (GAWK)

+customizing the rate at which the video feed updates allows user to control interruption
(NC)

High Reaction

none

Low Reaction

-messages added to banner may not be noticed quickly (GAWK)

-high speed settings slows processing (animation) (PNB)
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High Comprehension

e -users can not change the amount of time a webpage is displayed in the attract loop (BB)

e +lack of configuration options allows users to know exactly how the system will behave at
all times since everyone will use the same interface (BB)

e +accommodates addition of groups and days to allow increase in project awareness (GAWK)

Low Comprehension

e +the system allows users to filter out artifacts that aren’'t needed (NC)

e -the system does not allow a user to limit the number of pictures viewable at any point in
time (WH)

e -users can not change the amount of time a picture is displayed (WH)
e -users can not resize artifacts to tailor their use of space (NC)

e -the system does not allow a user to limit the number of artifacts viewable at any point in
time (NC)

e -t0o0 many groups/days makes interface too cluttered (GAWK)

e -high speed settings slows processing (animation) (PNB)

Unclassified

e -users can not configure the interface to accommodate their own needs (BB)
e -users can not request a specific picture again (BB)

e -multiple users may not agree on settings (PNB)

e -high speed settings slows processing (animation) (PNB)

e +selecting speed, animation, and fonts promotes use (PNB)

e +add deadlines or banner messages to promote new activities, actions, plans (GAWK)



Appendix E

High Level Issues

This appendix contains the high level issues identified from the problem tree. These issues capture
some of the underlying causes in the nodes of the tree but are not general enough to be heuristics.
They can serve as design guidelines and are available here for that purpose.

o Employ highly recognizable metaphors that use/stress organizational layout.

¢ Avoid metaphors that suggest haphazard or random layouts.

e Show the presence of information, but not the details of the information source.

e The magnitude or density of the information dictates visual representation.

¢ Avoid the use of audio.

e Introduce changes (new items) with slower, smooth transitions.

¢ Highlighting is an effective technique for showing relationships among data.

e Use cyclic displays with caution. If used, indicate “where” the display is in the cycle.
e Multiple, separate animations should be avoided.

¢ Indicate current and target locations if items move around the display.

e Text-based banner information should be located on the top or bottom, depending on focus
and use of the information.

¢ Information grouped by time should be sequential.

¢ Information grouped by type can use random layouts within sub-groupings.

e Appropriate screen space should be delegated according to information importance.
e Important areas should be clearly recognizable.

e Use cool colors (blues, greens) for borders and backgrounds.

e Use warm colors (reds, yellows, oranges) for important information pieces and highlighting.
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e Avoid heavy use of bright colors.

e Use sans serif fonts, in large size to facilitate reading.

Use meaningful icons to show information, avoid text descriptions or delegate them to edges
of the display.

Avoid using multiple, small fonts.

Eliminate or hide configurability controls.



Appendix F

Process Walkthrough

This appendix has a complete walkthrough of transforming the claims into heuristics, including
the classification (Section 4.6.1) and categorization (Section 4.6.3) processes to form the problem
tree. We also describe the extraction of high level issues from the problem tree (Section 4.7.2) as
well as the final synthesis into heuristics (Section 4.7.3).

F.1 Classifying Claims

Extraction of claims from scenarios for each system was done through standard claims analy-
sis techniques as described in [15] and [77]. Once these claims were identified, we needed to
determine the impacts each claim had on the user goals of self-defined interruption, high compre-
hension, and appropriate reaction. This process is described in Section 4.6.1. Here we provide the
results of that classification for all of the claims. The claim is listed on the left, with its associated
classification on the right. I, R, and C refer to interruption, reaction, and comprehension respec-
tively. “1” and “|” show how the particular parameter is effected by the claim. For exarple,
would indicate that the claim increased or otherwise caused higher allocation of attention from the
user’s primary task to the notification, wherea§; would suggest the claim caused or contributed

to a lower understanding of the information. Italicized words indicate the reason for the classifica-
tion. Multiple classifications arise from separate scenarios, and sometimes the classifications are
in direct competition{ 1 and | I).

Key
GAWK = GAWK
PNB = Photo News Board
WH = What's Happening?
NC = Notification Collage
BB = Blue Board
Claim IRC classification
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+Banner suggestate-breaking changes

andadds excitemer{fGAWK)

+pictorial representatiorof story will
draw interesto the story (PNB)

-collage metaphor may givdisorderly
haphazard appearanq®NB)

-lack of organization because of collage

metaphor caminder effortsto find an
artifact (NC)

+collage metaphor allowed the system to
place pictures in annorganized fashion

to use more screen space (WH)

+3D rep of “today” in fronthelps

people understand/hat’s closest (GAWK)

+use of timeline taonvey history

present status, upcoming requirements is

a strong metaphor (GAWK)

-bannerinfo is often old not
exciting(GAWK)

+background supports the idea of
graffiti. ie: put anything you want for
everyone to se@NC)

+collage metaphor suggestose
connection between stori¢BNB)

+lack of metaphor use allows ftess
prerequisite knowledg@NB)

-3d metaphomay be missesince it
looks like a clickable object (GAWK)

-timeline constrains lateral description
space (GAWK)

-people may noassociate photowith
stories (PNB)

TLTR

11,1R

TLiC

TL1C

TLicC

TR,1C

TR

IR,1C

TC

e

1C

|C

| C

|C
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+collage metaphor allows users to
informally post information without any
regards to organization (NC)

+the finger painting metaphor is

accurately conveyed in the whiteboard(BB)

+seeing photosiggers curiosityabout
topics (PNB)

+new itemsarriving indicateswhen
news is happenin@®PNB)

-people may notecognize photobut
are stillinterested in the topic
(missed information(PNB)

+live videoallows a quick and easy way
of showing presencéNC)

+posting of live videpsticky notes,
slide shows, etc. allowisformation
sharing(NC)

-chatting by using the post-it notes
creates a distractioffior others not
chatting (NC)

+using pictures as a single form of
information deliveryreduces the
information clutter(WH)

+since the system is designed to be
opportunisti¢ users are not forced
to regularly checkthe pictures on

the system (WH)

+filter options tohide artifacts
canreduce some cluttgiNC)

-lack of filters do not allow users
to stop certain pieces of informatidiVH)

+the system affords glancing at the

11,1R
TL1C
THIR|[C
11, 1R
THTR,TC
T
L,1C
LR

LTRIR, TG, | C

1 1cC

LR
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display toretrieve information
opportunistically(WH)

+vertical bar allowsisers to control L1
what artifacts must remain iciear view(NC)

-users hiding certain artifacts 1L ]1C
may miss important informatio(NC)

+thevideo feedhllows a user to ILTR,TC
constantly beware of people
working in the lab (NC)

+showing deadlinekelps students TR,TC
form goals (GAWK)

+showing deadlinekelps teachers TR, TC
focus students on tasks (GAWK)

+showing types of work complete TR,TC
gives asense ofvhat contributions are
still necessary (GAWK)

+comparing groups/relative effort TR,TC
helps a teacher decideho needs

help (GAWK)

+showinginterests of room occupants TR, TC

triggersconversation among them (PNB)

+quadrants allovawareness of news TR,TC
categories that people are interested
in (PNB)

+seeingnews summarieallows people TR,TC
to know the current statusf news
areas (PNB)

+live video allows a quick and TR, TC
easy way oshowing presencéNC)

+system allowsapid exchange of TR,TC
informationby dragging and dropping (BB)

+users can baotified of webpages TR,TC
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tailored to their interest®ased on
their location (BB)

+showing work historyshows group TC
reputation for succes&GGAWK)

-public comparison of effortmay TC
be embarrassing for students or
grade groups (GAWK)

+showing history of photos allows TC
tracking over timgPNB)

-showing interestpublicly may 1TC
be embarrassing or controversial (PNB)

+system displays web pageslored TC
to the locationin the attract

loop (BB)

-system does not force a user to TC

badge-out, leaving their account
logged in so that others magass
informationto fill their inbox (BB)

+the system affords an environment 1C
in which users can baware of
each othel(NC)

+slideshow artifact allows multiple TC
images to be showin limited space (NC)

+system affords an environment TC
in which users can baware of
each othemand their community (WH)

-the system did not allow users 1 C
to filter certain types of imagedVH)

-using an 18 month threshold for 1 C
webpages allows the system to show

information that may be up to

18 months old and irrelevarftWH)

-the system does not suppogteiving 1 C
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a receiptonce an artifact is viewed
by intended users (NC)

-lack of association of preferences 1C
to a person may inhibit spontaneous

communication (no way ttell who

causes preferences highlighting®NB)

-no immediate indication for when 1 C
set ofpreferences changdperson
leaves or enters room) (PNB)

-the system does not provide any 1 C
feedback on progredswards
personal goals (WH)

-usershiding certain artifactanay 1 C
miss important information
(filtering) (NC)

-the system does not allow users to
access the page from which the pictures
were taken from (WH)

-system does not allow users to post
information at their will (WH)

-users do not have a way of going
back to check what was on the
system (WH)

-live video broadcast reduces privacy
for users (NC)

-lack of option limiting number of
artifacts does not allow client to
control clutter (NC)

+system allows users to display
calendars to quickly schedule activities
(BB)

+whiteboard provides a quick space in
which users can write and/or draw (BB)
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+badging-in allows users to access their
own posted information (BB)

-lack of keyboard does not allow users
to log into site they may want to see(BB)

-system browser does not support all
standard browsing features (BB)

-the system does not allow a user to
pass information they find on the BB
to a user who is not badged-in (BB)

+the system allows quick exchange of
information (BB)

+the back button allows quick retrieval
of previously displayed pages in the
attract loop (BB)

-they system does not allow a user to
see another users page unless the
other user is actually badged-in

(BB)

-the system does not allow posting
information (WH)

-system does not stop from posting
what may not be appropriate (NC)

-the validity of the information
displayed on the system depends on
the validity of the websites used (WH)

-one-line banner idifficult to parse 71
(GAWK)
+scattered arrangemeiaff artifacts T 1C

across screen accurately reflects the
collage metaphor (NC)

+scattered arrangemeiatf pictures T 1C
across screen accurately reflects the
collage metaphor (WH)
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-photo artifactuses a lot of spacgNC) 71
-picturesuses a lot of spac@VH) 71
+adjustable vertical bar letsser Tl

take control of the spadd\C)

-users define screen spa@¢C) T
+right side allows user tmlentify 1L,TC
important artifactgNC)

+small amount of white spaseparates 1,1C

individual photogPNB)

+“today” day is referred to most TR, TC
and should be in center and largest

(GAWK)

+showing work effort according to 1C

group and grade is most meaning{B@AWK)

+dockclearly displays userthat TC
are badged-in on the right side
of the screen (BB)

+bannerdesign optimizes screen TC
space for photos (PNB)

-space constrained for past iterfGAWK) 1C
-wasted space for future dafG@AWK) 1 C
-bits of text displayed do not 1C

use as much space as they could
for users to be able to reaiom
greater distances (WH)

-full screen forces the user to
use a secondary display (NC)

+main screen area provides enough
space for browsing and whiteboard use(BB)
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-full screen use in a screen saver
does not allow the user to use their
personal computer and monitor the
system at the same time on a
personal display (WH)

-the background is a single color that
may blend with picturethat may use
the same color at the edges (WH)

+low contrast in all but one iterfocuses

attentionto the item (transparency)(PNB)

+color photos arappealing to look at
(PNB)

+green highlighstands outs item
being described in banner (GAWK)

+Red deadlinestand outandimply
importance(GAWK)

-heavy use of redraws focus away

from past and current screen areas(GAWK)

+background of the dock clearly
separates the dock from the redtthe
space (BB)

+blue boundaries on quadrants is
pleasing color, produces a calming
effect(PNB)

+gray background on bannseparates
it from photo area(PNB)

+green highlight isiot overly
obtrusive(GAWK)

+blue highlight fornew item flashing
retains low obtrusiveneg&AWK)

-green highlighimay not be visible
on white background (GAWK)

TL1C
THTR,TC
11,1R
THTR
11,1C
TL1C
L
L
I1,1C
L
L
ILIR
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+lack of other coloreduces visual 1L TC
clutter and avoids confusion
(unintended meaning) (GAWK)

+dashed green highliglassociates 1C
item versiongGAWK)
-the background of the area on the right 1 C

of the vertical bar does nabnvey the
absencef artifact competition (NC)

-the black background of the system
does not convey the collage metaphor(WH)

+lack of a background in the main screen
area affords using all the screen space
at all times (BB)

+background affords graffiti-like use(NC)

-use of a fancier fontlecreases 11
clarity (NC)

-readability of fonts used will depend 71

on information that is posted by

users (BB)

-font size istoo smallfor a large T 1C

screen display (WH)

-use of a fancier fonlecreases clarity 71
(WH)
-font may betoo small to readrom T 1C

long distances (PNB)

+iconsshow what work waa document, T
chat, or photo without requiring much

space (GAWK)

-small icondifficult to distinguish T, 1C

(from a distance) (GAWK)

-smaller font size ifarder to read T 1C
on the large screen display (WH)
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+font size isreadableat large screen L1

display (NC)

-readability of fonts used will depend L1

on information that is posted by users(BB)

+using sans serif forfacilitates 1,TC
reading(PNB)
+San serif font and large size for 1L TC

easy readindgrom far away (GAWK)

+different sized picturemdicates TC
relative ageof pictures (PNB)

+chat iconsshow direction of chat TC
and allow teachers tmfer who'’s
leading effortf GAWK)

-smallest pictures may not be 1 C
recognizablgon outer edges) (PNB)

-sizeconstrains message length 76 1C
characters (GAWK)

-font size is too big for a personal
display. a smaller size could save
screen space (NC)

-lack of keyboard may lead to writing
on the whiteboard that is illegible (BB)

-rely on visual features totally to 71
convey presence of new infderts,

etc. (GAWK)

-relies on visual system for T1

information changeéPNB)

+lack of audioprevents L1
distraction/annoying noisg$AWK)

+lack of audioprevents L1
distraction/annoyancéNB)
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+lack of audiodecreases interruption
and information overload, avoiding
sensory overload (NC)

-system does not use audioatert
userswhen new information is
posted (WH)

-system does not use audio when an
updated site is displayed in the
attract loop tanotify peopleof the
update (BB)

+lack of audio conveys the system'’s
concentration on visual information (BB)

+lack of audio conveys the system’s
concentration on visual information (WH)

-rapid animated updates to artifacts
cause the artifact tmove to the front
at constant rate (NC)

-transition of the slideshow can
distract usergNC)

+showing movement of pictures when new
items arrivedacilitates recognition
of new items (PNB)

+highlighting disappears/reappears to
allow quick recognition of chang@®NB)

+text changes with highlightingids
associatiomf the banner info to the
pictures (PNB)

-multiple movements (transitioning
photos and changed highlightingan be
confusing(PNB)

-abrupt changes in highlightingan
cause distractiorfPNB)

L
ILIR
LR
T

T
THTR,TC
TLTR
T,1C
TLlC
T
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+new item flashing allowguick
recognitionof changes (GAWK)

-must watch whole cycle before getting
text (banner) info for new itentausing
frustration/confusion/interruptiai@G AWK)

-flashing with highlighting changesay
be confusindGAWK)

-highlighting pattern is random which
introduces uncertaint{PNB)

-competition between artifacts result in
artifactssuddenly appearing on top
creating a distractior(NC)

-pictures appearing/disappearing suddenly
may distract userssince there is no
apparent use of a fade in/out feature (WH)

-slideshow artifact does not hasmooth
transitions(NC)

-difficult to anticipatehighlighting
sequence (GAWK)

+use of alpha-blend to transition between
webpage in the attract loafecreases
interruption (BB)

+lack of animated pictures or video
decreases interruptioproduced by
the system (WH)

+fading banneminimizes distraction
(GAWK)

-flashing duration may be too short
andgo unnoticed GAWK)

+major screen changes occur at the very
beginning of a session/day aaten’t
interruptive(GAWK)

TLTR

T

TL1C

TL1C

71

T

L

L1

LR

L
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+movement pattern hgdeasing effect
and isnot interruptive(PNB)

+system usealpha-blend to transition
between webpages (BB)

+animated banner allowsslot of info
to be cycled (GAWK)

+transition of icon highlight
corresponds with banner update to
suggest associatiofGAWK)

-movement of pictureprevents tracking
of favorite stories (see where
it goes) (PNB)

-iconsmay be unexplainedntil
banner cycle updates (GAWK)

-once a quadrant is full of pictures,
older ones arenoved off and lotPNB)

-lack of organizatiorirustrates users
if pictures are covered by others (WH)

-lack of organizatiorrustrates users
when trying to look for an artifact (NC)

+showing new items as larger and near
centerfacilitates recognitior(PNB)

-may not be obvioughich quadrants are

associated with which news topics (PNB)

-may not be cleathat larger, center
items are new; could beonstrued as
importance(PNB)

+cyclic banner on top allows people to
notice changed items fir@6AWK)

+artifacts placed on the right side
of the vertical bar allowsisersto
do their own organizatioNC)

L

L

1C

1C

|C

|C

|C

TL1C

11,1R

71

TL1C

11, 1R

LL1c
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+vertical barclearly defines where
artifacts must be arranged in order
to preserve them (NC)

+categorizing stories and arranging
them in quadrants allows faomparison
of relative amount of news coverage
for a topic (PNB)

-may not noticdbanner information
immediately (PNB)

+stacking groups and separating with
bold line allowseasy compariso(GAWK)

+lack of organizatiorexpresses the
variationsin types of pictures the
system can display (WH)

+badged-in users adearly arranged
on the right side (BB)

+keeping older photos on edges gives
sense of relative agef stories (PNB)

+showing older photos with new allows
for tracking stories over tim@>NB)

+weeks are distincis a thin vertical
line (GAWK)

-the system does ngroup pictures
in the regions according to their
source ottype of informatior(WWH)

-pictures that are coveredo not
resurface to the front (WH)

-the system does natrange information
based on their type. they are all
shown in the same screen area (BB)

-entire 6th/8th grade performance
difficult to realize(GAWK)

LL1c

LL1c

1 1cC

II,TR,1C

TC

1C

1C

1C

TC

|C

e

|C

|C
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-users do not have a way of moving
pictures around to be able to see
pictures that may be partially covered
(WH)

+lack of organization creates an
informal virtual environment for
users (NC)

+use of fingers makes the system’s
interface more intuitive (BB)

-whiteboard causes illegible writing
since there isn’t any pen (BB)

+icons appear clickable and allow
access to work item details (GAWK)

-clickability of deadlines not
conveyed (GAWK)

-the fact that you can click on a
picture is not immediately clear (PNB)

+showing options menu with arrow
symbol implies you can click it to
get the options (PNB)

-raising of context menu to initiate
direct communication is not intuitive
(NC)

-the design of the vertical bar is
not intuitive. users may not know they
candrag it (NC)

-the validity of the information
displayed on the system depends on
the validity of the websites used (WH)

-3D day presentation may appear
clickable, when it is not (GAWK)

+touching screen while using the
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whiteboard draws a line (BB)

+touching and moving an object to
the dock is an intuitive way of
sending the information to a user
(BB)

+right clicking on an artifact raises
the context menu to be able to
contact the user that posted the
artifact (NC)

-the system does not allow any direct
interaction since any type of input
exits the screensaver (WH)

-trying to click on a picture or text
does not take the user to the page
it was found at (WH)

-left clicking on a picture does not
open the picture in a picture editor
(NC)

-left clicking on a webpage artifact
does not take the user directly to
the page (NC)

+not using a keyboard or mouse
simplifies all activities (BB)

+single screen is good fauickly 1L,TC
recognizingchanges onoticing
changes over time (GAWK)

+single screeffacilitates recognition TR,TC
of changes to informatioaver time
(easy tonotice a difference(PNB)

+new iconsappear as work is completed TR,TC
showing dynamisnapshot of progress

(GAWK)

-a selected photbides the photos 1 C

behind it (PNB)
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+clicking a picture brings it to the
center with the story for easy
reading/viewing (PNB)

+options appear near option menu (PNB)
+single screen is easy to learn (GAWK)
+single interface promotes learnability (PNB)

-irrelevant or old information can
not be changed or removed (WH)

-the system does not allow you to
stop a transfer of information done
to another user by mistake (BB)

-there is no support for error
recovery since the information
displayed is driven by the system (WH)

+icon selection ivalidatedby TC
banner updating and highlight

movement (GAWK)

+new icon flashing and presence TC

provides acknowledgemeoititem
submission (GAWK)

+photo selection is shown by making
the photo appear in full color in

the center of the screen with news
story directly below it (PNB)

+options appear when options button
is clicked (PNB)

+e-mails that are sent about
information exchanged act as
progress receipts (BB)

+social interaction around the
display can result in feedback
on information (BB)
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+the system allows users fitter
outartifacts that aren’t needed (NC)

-the system does not allow a user
to limit the number of pictures
viewable at any point in time (WH)

-users can not change thenount of
timea picture is displayed (WH)

-users can not configure thate
at which pictures from a source
appear(WH)

-users can not configuteansition
of slideshow (NC)

-the system does not allow a user
to limit the number of artifacts
viewableat any point in time (NC)

-users do not have the ability to
control therefresh rate of a video
feed another person is posting (NC)

+allows people to find thenost
distracting settinggPNB)

-too many groups/days makes
interface too clutteredGAWK)

+customizing the rate at which the
video feed updates allows user to
control interruption(NC)

-high speed settingdows
processinganimation) (PNB)

-users can not change taeount
of timea webpage is displayed
in the attract loop (BB)

+allows people to find thkeast
distracting settinggPNB)

TL1C
T1,1C
TL1C
T
T
TL1C
T
T
TL1C
L
TLIR[C
I, 1C
L
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-messages added to banngay not L IR
be noticed quicklfGAWK)

+lack of configuration options allows 1C
users taknow exacthhow the system

will behave at all times since everyone

will use the same interface (BB)

+accommodates addition of groups and 1C
days to allowincrease in project

awarenes$GAWK)

-users can not resize artifacts to | C

tailor their useof space (NC)

-users can not configure the interface
to accommodate their own needs (BB)

-users can not request a specific
picture again (BB)

-multiple users may not agree on
settings (PNB)

+selecting speed, animation, and
fonts promotes use (PNB)

+add deadlines or banner messages
to promote new activities, actions,
plans (GAWK)

Some of these claims have no classification. This occurs because it is not clear from the wording
how the claim would impact any of the three parameters. The unclassified claims are discussed in
Section 4.6.3.

F.2 Categorizing Claims

Here we provide the full categorization of the claims into their respective categories. These cate-
gories are taken from [77]. Activity is broken down into claims that deal with the "presence and
strength of metaphors” and “supported/unsupported activities” [77]. Information is broken down

into “use of screen space”, “object and background color”, “use of fonts”, “use of audio”, “use
of animation”, and “grouping of information items” [77]. Interaction is broken into “recognition
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of affordances”, “behavior of interface controls”, “expected state transitions”, “error recovery”,
“feedback on task progress”, and “configurability levels and controls” [77].

The following provides the claims and the categories. Italicized words suggest the correct
category. IRC ratings are included from the previous description of the classification of claims.
Non-italicized claims are to be taken as a whole.

Claims IRC SBD Category
+Bannersuggests late-breaking changes 11, T R activity: metaphors
and adds excitement (GAWK)

+pictorial representatiorof story will TLTR activity: metaphors
draw interest to the story (PNB)

-collage metaphomay give disorderly T1,1C activity: metaphors
haphazard appearance (PNB)

-lack of organization because cbllage T1,1C activity: metaphors
metaphorcan hinder efforts to find an

artifact (NC)

+collage metaphoallowed the systemto 71, | C activity: metaphors

place pictures in an unorganized fashion
to use more screen space (WH)

+3D rep of “today” in front helps TR,TC activity: metaphors
people understand what'’s closest (GAWK)

+use oftimelineto convey history, TR activity: metaphors
present status, upcoming requirements is
a strong metaphor (GAWK)

-bannerinfo is often old, not IR, TC activity: metaphors
exciting (GAWK)

+background supports the idea of 1TC activity: metaphors
graffiti. ie: put anything you want for
everyone to see (NC)

+collage metaphosuggests loose TC activity: metaphors
connection between stories (PNB)

+lack of metaphoruse allows for less TC activity: metaphors
prerequisite knowledge (PNB)

-3d Metaphomay be missed since it 1C activity: metaphors
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looks like a clickable object (GAWK)

-Timelineconstrains lateral description | C activity: metaphors
space (GAWK)
-people may not associgpdotoswith 1C activity: metaphors

stories (PNB)

+collage metaphoallows users to activity: metaphors
informally post information without any

regards to organization (NC)

+thefinger painting metaphais activity: metaphors
accurately conveyed in the whiteboard(BB)

+seeing photogiggers curiosityabout TLTR activity: activities
topics (PNB)

+new items arriving indicates when TLTC activity: activities
news is happenin(PNB)

-people may notecognize photobut 171, | R, ] C activity: activities
are still interested in the topic
(missed information) (PNB)

+live video allows a quick and easyway 11, TR activity: activities
of showing presencgNC)

+posting of live video, sticky notes, T, TR,TC activity: activities
slide shows, etc. allowisiformation

sharing(NC)

-chatting by using the post-it notes Tl activity: activities

creates a distraction for others not
chatting (NC)

+usingpictures asa single form of 1,7C activity: activities
information deliveryreduces the
information clutter (WH)

+since the system is designed to be ILIR activity: activities
opportunistic, users are not forced

to regularlycheck the picturesn

the system (WH)

+filter options tohide artifacts 1L TR, TC activity: activities
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can reduce some clutter (NC)

-lack of filters do not allow users 1L, 1C
to stop certain pieces of informatidiVH)

+the system affords glancing at the ILIR
display toretrieve information
opportunistically (WH)

+vertical bar allows users twontrol 11
what artifacts must remain in clear viefMC)

-usershiding certain artifacts 1L ]1C
may miss important information (NC)

+the video feed allows a user to I1LTR,TC

constantly beware of people
working in the lab (NC)

+showing deadlines helps students TR,TC
form goals(GAWK)

+showing deadlines helps teachers TR,TC
focus students on taskSAWK)

+showing types of work completed TR,TC
gives a sense afhat contributions are
still necessarf{GAWK)

+comparing groups/relative effort TR,TC
helps a teachatecide who needs
help (GAWK)

+showing interestsf room occupants TR,TC
triggers conversation among them (PNB)

+quadrants allovawareness of news TR,TC
categories that people are interested
in (PNB)

+seeing news summaries allows people TR, T C
to know the current status of news
areas (PNB)

+live video allows a quick and TR,TC

activity

activity

activity:

activity:

activity:

activity:

activity:

activity:

activity:

activity:

activity:

activity:

activity:

: activities

: activities

activities

activities

activities

activities

activities

activities

activities

activities

activities

activities

activities
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easy way oshowing presencéNC)

+system allowsapid exchange of TR, TC activity: activities
informationby dragging and dropping (BB)

+users can baotified of webpages TR,TC activity: activities
tailored to their interests based on
their location (BB)

+showing work historghows group TC activity: activities
reputation for success (GAWK)

-public comparison of efforthay TC activity: activities
be embarrassing for students or
grade groups (GAWK)

+showing history of photos allows TC activity: activities
tracking over timgPNB)

-showing interests publiclsnay TC activity: activities
be embarrassing or controversial (PNB)

+systemdisplays web pagéesilored TC activity: activities
to the location in the attract

loop (BB)

-system does not force a user to TC activity: activities

badge-out, leaving their account
logged in so that others maass
informationto fill their inbox (BB)

+the system affords an environment TC activity: activities
in which users can baware of
each othel(NC)

+slideshow artifact allows multiple TC activity: activities
images to be showin limited space (NC)

+system affords an environment TC activity: activities
in which users can baware of
each otheand their community (WH)

-the system did not allow users 1C activity: activities
to filter certain types of imagg8dVH)
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-using an 18 month threshold for
webpages allows the systemsioow
informationthat may be up to

18 months old and irrelevant (WH)

-the system does not suppeeteiving
a receiptonce an artifact is viewed
by intended users (NC)

-lack of association of preferences

to a person may inhibgpontaneous
communicatior{no way to tell who
causes preferences highlighting) (PNB)

-no immediate indication for when
set ofpreferences changdperson
leaves or enters room) (PNB)

-the system does not provide any
feedback orprogress towards
personal goal§WH)

-usershiding certain artifactamay
miss important information
(filtering) (NC)

-the system does not allow users to
access the pagieom which the pictures
were taken from (WH)

-system does not allow userspost
informationat their will (WH)

-users do not have a way of going
back tocheck what was on the
system(WH)

-live video broadcasteduces privacy
for users (NC)

-lack of option limiting number of
artifacts does not allow client to
control clutter(NC)

+system allows users ttisplay

|C

1C

|C

e

|C

1C

activity: activities

activity: activities

activity: activities

activity: activities

activity: activities

activity: activities

activity: activities

activity: activities

activity: activities

activity: activities

activity: activities

activity: activities
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calendarsto quickly schedule activities
(BB)

+whiteboard provides a quick space in
which users cawrite and/or draw(BB)

+badging-in allows users taccess their
own posted informatio(BB)

-lack of keyboard does not allow users
to log into sitethey may want to see(BB)

-system browser does nsuipport all
standard browsing featurd8B)

-the system does not allow a user to
pass informatiorthey find on the BB
to a user who is not badged-in (BB)

+the system allows quicgxchange of
information(BB)

+the back button allows quidletrieval
of previously displayed pagasthe
attract loop (BB)

-they system does not allow a user to
see another user’s pageless the
other user is actually badged-in

(BB)

-the system does not alloposting
information(WH)

-system does not stop froposting
what may not be appropriatdNC)

-thevalidity of the information
displayed on the system depends on
the validity of the websites used (WH)

-one-line banners difficult to parse 11
(GAWK)
+scattered arrangement of artifacts T1,1C

activity: activities

activity: activities

activity: activities

activity: activities

activity: activities

activity: activities

activity: activities

activity: activities

activity: activities

activity: activities

activity: activities

information: screen space

information: screen space
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across screeaccurately reflects the
collage metaphor (NC)

+scattered arrangement of pictures T1,1C information: screen space
across screeaccurately reflects the
collage metaphor (WH)

-photo artifact uses lat of spacgNC) 11 information: screen space
-pictures use ot of spacq WH) 11 information: screen space
+adjustable vertical bar lets user Tl information: screen space

takecontrol of the spacéNC)
-users definscreen spacéNC) T information: screen space

+right sideallows user to identify 1LTC information: screen space
important artifacts (NC)

+small amount ofvhite spaceseparates |1, TC information: screen space
individual photos (PNB)

+“today” day is referred to most TR,TC information: screen space
and should be icenter and largest

(GAWK)

+showing work effort according to TC information: screen space

group and grades most meaningful (GAWK)

+dock clearly displays users that TC information: screen space
are badged-in on theght side
of the screen (BB)

+banner design optimizessreen TC information: screen space
spacefor photos (PNB)

-spaceconstrained for past items (GAWK)] C information: screen space
-wastedspacefor future days (GAWK) 1C information: screen space
-bits of text displayed do not 1C information: screen space

use asnuch spaceas they could
for users to be able to read from
greater distances (WH)
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-full screenforces the user to information: screen space
use a secondary display (NC)

+main screen are@rovides enough information: screen space
spacefor browsing and whiteboard use(BB)

-full screenuse in a screen saver information: screen space
does not allow the user to use their

personal computer and monitor the

system at the same time on a

personal display (WH)

-the background is single colorthat T1,1C information: color
may blend with pictures that may use
thesame colomat the edges (WH)

+low contrastin all but one item focuses 11, T R,T C information: color
attention to the item (transparency)(PNB)

+color photosare appealing to look at TLTR information: color
(PNB)
+green highlightstands out as item TLTR information: color

being described in banner (GAWK)

+red deadlinestand out and imply T1L,1C information: color
importance (GAWK)

-heavy use of redraws focus away TL1C information: color
from past and current screen areas(GAWK)

+backgrounddf the dock clearly 11 information: color
separates the dock from the rest of the
space (BB)

+blue boundarie®n quadrants is 11 information: color
pleasing color produces a calming
effect (PNB)

+gray backgrounan banner separates |1, TC information: color
it from photo area (PNB)

+green highlightis not overly 11 information: color
obtrusive (GAWK)
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+blue highlightfor new item flashing 11 information: color
retains low obtrusiveness (GAWK)

-green highlightmay not be visible LR information: color
onwhite backgroundGAWK)

+lack of othercolor reduces visual 1L TC information: color
clutter and avoids confusion
(unintended meaning) (GAWK)

+dashed green highliglassociates TC information: color
item versions (GAWK)

-the backgroundof the area on theright | C information: color
of the vertical bar does not convey the
absence of artifact competition (NC)

-theblack backgrounaf the system information: color
does not convey the collage metaphor(WH)

+lack of abackgroundn the main screen information: color
area affords using all the screen space
at all times (BB)

+backgroundaffords graffiti-like use(NC) information: color

-use of afancier fontdecreases T1 information: fonts, icons
clarity (NC)

-readability of fontsused will depend Tl information: fonts, icons
on information that is posted by

users (BB)

-font sizeis too small for a large TL1C information: fonts, icons

screen display (WH)

-use of afancier fontdecreases clarity 11 information: fonts, icons
(WH)
-font may be too smatb read from T, 1C information: fonts, icons

long distances (PNB)

+iconsshow what work was a document, 11, | | information: fonts, icons
chat, or photo without requiring much
space (GAWK)
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-small icondifficult to distinguish TL1C information: fonts, icons
(from a distance) (GAWK)

-smaller font sizes harder to read T, 1C information: fonts, icons
on the large screen display (WH)

+font sizeis readable at large screen 11 information: fonts, icons
display (NC)
+usingsans serif fonfacilitates 1L TC information: fonts, icons

reading (PNB)

+sans serif fonand large size for 1LTC information: fonts, icons
easy reading from far away (GAWK)

+different sized picturemdicates TC information: fonts, icons
relative age of pictures (PNB)

+chat iconsshow direction of chat TC information: fonts, icons
and allow teachers to infer who'’s
leading efforts (GAWK)

-smallestpicturesmay not be 1C information: fonts, icons
recognizable (on outer edges) (PNB)

-sizeconstrains message lengthto76 | C information: fonts, icons
character GAWK)
-font sizeis too big for a personal information: fonts, icons

display. a smaller size could save
screen space (NC)

-lack of keyboard may lead toriting information: fonts, icons
on the whiteboard that iegible (BB)

-rely on visual features totallio 11 information: audio
convey presence of new info, alerts,

etc. (GAWK)

-relies on visual systeffior 11 information: audio

information changes (PNB)

+lack of audioprevents 11 information: audio
distraction/annoying noises (GAWK)
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+lack of audioprevents 11
distraction/annoyance (PNB)

+lack of audiodecreases interruption 11
and information overload, avoiding
sensory overload (NC)

-systemdoes not use audi alert L IR

users when new information is
posted (WH)

-systemdoes not use audiwhen an ILIR

updated site is displayed in the
attract loop to notify people of the
update (BB)

+lack of audioconveys the system’s
concentration on visual information (BB)

+lack of audioconveys the system'’s
concentration on visual information (WH)

-rapidanimated updatet® artifacts 11
cause the artifact to move to the front
at constant rate (NC)

-transition of the slideshowan T1
distract users (NC)

+showingmovement of pictureshennew 71, TR,TC

items arrives facilitates recognition
of new items (PNB)

+highlighting disappears/reappeats TLTR

allow quick recognition of change (PNB)

+text changes with highlightingids TLTC

association of the banner info to the
pictures (PNB)

-multiple movementgransitioning 171, 1C

photos and changed highlighting) can be
confusing (PNB)

information: audio

information: audio

information: audio

information: audio

information: audio

information: audio

information: animation

information: animation

information: animation

information: animation

information: animation

information: animation
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-abruptchanges in highlightingan Tl information: animation
cause distraction (PNB)

+newitem flashingallows quick TLTR information: animation
recognition of changes (GAWK)

-must watchwhole cyclebefore getting 11 information: animation
text (banner) info for new item, causing
frustration/confusion(GAWK)

-flashing with highlighting changeasay 71, | C information: animation
be confusing (GAWK)

-highlighting patternis random which T, 1C information: animation
introduces uncertainty (PNB)

-competition between artifacts resultin 7 | information: animation
artifactssuddenly appearing on top
creating a distraction (NC)

-pictures appearing/disappearirgyddenly T | information: animation
may distract users since there is no
apparent use of a fade in/out feature (WH)

-slideshow artifact does not hasemooth 7 | information: animation
transitions(NC)

-difficult to anticipatehighlighting T, 1C information: animation
sequencéGAWK)

+use ofalpha-blendo transition between | | information: animation

webpage in the attract loop decreases
interruption (BB)

+lack ofanimated pictures or video 11 information: animation
decreases interruption produced by
the system (WH)

+fading banneminimizes distraction L information: animation
(GAWK)
-flashing duratiormay be too short 1L IR information: animation

and go unnoticed (GAWK)

+majorscreen changesccur at the very | | information: animation
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beginning of a session/day and aren’t
interruptive (GAWK)

+movement patterhas pleasing effect | | information: animation
and is not interruptive (PNB)

+animated banneallows a lot of info TC information: animation
to be cycled (GAWK)

+transition of icon highlight TC information: animation
corresponds with banner update to
suggest association (GAWK)

-movement of picturgsrevents tracking | C information: animation
of favorite stories (see where
it goes) (PNB)

-icons may be unexplained until 1C information: animation
banner cycle updatg$SAWK)

-once a quadrant is full of pictures, 1C information: animation
older ones arenoved offand lost (PNB)

-lack of organizatiorfrustrates users 11 information: grouping, layout
if pictures are covered by others (WH)

-lack of organizatiorfrustrates users T, 1C information: grouping, layout
when trying to look for an artifact (NC)

+showing new items dargerandnear 71, TR information: grouping, layout
centerfacilitates recognition (PNB)

-may not be obvious whicuadrantsare 7 | information: grouping, layout
associated with which news topics (PNB)

-may not be clear thdarger, center T1,1C information: grouping, layout
items are new; could be construed as
importance (PNB)

+cyclic banner on togallows people to TLTR information: grouping, layout
notice changed items first (GAWK)

+artifacts placed on theght side 1L,TC information: grouping, layout
of the vertical bar allows users to
do their own organization (NC)
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+vertical barclearlydefines where
artifacts must be arranged in order
to preserve them (NC)

+categorizing stories araranging

Appendix F. Process Walkthrough

them in quadrantsllows for comparison
of relative amount of news coverage

for a topic (PNB)

-may not noticébanner information
immediately (PNB)

+stacking groupsindseparating with

L1,1C
L1,1C
1, 1C
II,TR,TC

bold lineallows easy comparison (GAWK)

+lack of organizatiorexpresses the
variations in types of pictures the
system can display (WH)

e

+badged-in users are clearly arranged 1 C

on theright side(BB)

+keeping older photos oedgeggives

1C

sense of relative age of stories (PNB)

+showingolder photos with newallows TC
for tracking stories over time (PNB)

+weeks are distinct asthin vertical

line (GAWK)

-the system does ngroup pictures
in the regions according to their
source or type of information (WH)

-pictures that are coveredo not
resurface to the front (WH)

1C

e

e

-the system does natrange information | C

based on their type. they are all
shown in thesame screen are@B)

-entire 6th/8th grade performance
difficult to realize (GAWK)

1C

information:

information:

information:

information:

information:

information:

information:

information:

information:

information:

information:

information:

information:

grouping, layout

grouping, layout

grouping, layout

grouping, layout

grouping, layout

grouping, layout

grouping, layout

grouping, layout

grouping, layout

grouping, layout

grouping, layout

grouping, layout

grouping, layout
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-users do not have a way ofoving
pictures aroundo be able to see
pictures that may bpartially covered
(WH)

+lack of organizatiorcreates an
informal virtual environment for
users (NC)

+use of fingers makes the system’s
interface more intuitivéBB)

-whiteboardcauses illegible writing
since there isn’t any pen (BB)

+iconsappear clickableand allow
access to work item details (GAWK)

-clickability of deadlinesot
conveyed (GAWK)

-the fact that yotcan clickon a
picture isnot immediately cleafPNB)

+showing options menu with arrow
symbolimplies you can click ito
get the options (PNB)

-raising of context menu to initiate
direct communication igot intuitive
(NC)

-the design of the vertical bar is

not intuitive users may not know they

can drag it(NC)

-3D day presentation magppear
clickable when it is not (GAWK)

+touching screemvhile using the
whiteboard draws a line (BB)

+touching and moving an objetd
the dock is an intuitive way of

information: grouping, layout

information: grouping, layout

interaction: affordances

interaction: affordances

interaction: affordances

interaction: affordances

interaction: affordances

interaction: affordances

interaction: affordances

interaction: affordances

interaction: affordances

interaction: behavior of controls

interaction: behavior of controls

201



Jacob Somervell Appendix F. Process Walkthrough 202

sending the information to a user
(BB)

+right clicking on an artifactraises interaction: behavior of controls
the context menu to be able to

contact the user that posted the

artifact (NC)

-the system does not allow adyrect interaction: behavior of controls
interactionsince any type of input
exits the screensaver (WH)

-trying to click on a picture or text interaction: behavior of controls
does not take the user to the page
it was found at (WH)

-left clicking on a picturadoes not interaction: behavior of controls
open the picture in a picture editor

(NC)

-left clicking on a webpagartifact interaction: behavior of controls

does not take the user directly to
the page (NC)

+not using a keyboard or mouse interaction: behavior of controls
simplifies all activities (BB)

+single screetis good for quickly 1LTC interaction: state transition
recognizing changes or noticing
changes over time (GAWK)

+single screetacilitates recognition TR,TC interaction: state transition
of changes to information over time
(easy to notice a difference) (PNB)

+newicons appear as work is completed TR, T C interaction: state transition
showing dynamic snapshot of progress

(GAWK)

-aselected photo hides the photos 1C interaction: state transition

behind it(PNB)

+clicking a picture brings it to the interaction: state transition
centerwith the story for easy
reading/viewing (PNB)



Jacob Somervell Appendix F. Process Walkthrough 203

+options appear near option meieNB) interaction: state transition
+single screelis easy to learn (GAWK) interaction: state transition
+single interfacgoromotes learnability (PNB) interaction: state transition
-irrelevant or old information can interaction: error/undo

not bechanged or remove@iVH)

-the system does not allow you to interaction: error/undo
stop a transfeof information done
to another usey mistakgBB)

-there is no support fogrror interaction: error/undo
recoverysince the information
displayed is driven by the system (WH)

+iconselection is validatetly TC interaction: feedback
banner updating and highlight

movement (GAWK)

+new icon flashing and presence TC interaction: feedback

providesacknowledgement of item
submission (GAWK)

+photoselection is showhy making interaction: feedback
the photo appear in full color in

the center of the screen with news

story directly below it (PNB)

+optionsappear wheroptions button interaction: feedback
is clicked(PNB)

+e-mails that are sent about interaction: feedback
information exchanged act as
progress receiptéBB)

+social interaction around the interaction: feedback
display can result ifeedback
on information(BB)

+the systenallows users to filter T, 1C interaction: configurability
out artifacts that aren’t needed (NC)
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-the system does natlow a user
to limit the number of pictures
viewable at any point in time (WH)

-users can not changbe amount of
time a picture is displayed (WH)

-users can not configuthe rate
at which pictures from a source
appear (WH)

-users can not configuteansition
of slideshow (NC)

-the systendoes not allow a user
to limit the number of artifacts
viewable at any point in time (NC)

-users do not have the ability to
control the refresh rate of a video

feed another person is posting (NC)

+allows people to findhe most
distracting settings (PNB)

-too many groups/daymakes
interface too cluttered (GAWK)

+customizing the ratat which the
video feed updates allows user to
control interruption (NC)

-high speed settingdows
processing (animation) (PNB)

-users can not changbe amount
of time a webpage is displayed
in the attract loop (BB)

+allows people to finthe least
distracting settings (PNB)

-messages added to banmeay not
be noticed quickly (GAWK)

11,1C
11,1C
11

11
11,1C
11

11
11,1C
T L
TLHIRLC
L,1C
L
LR
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interaction:

interaction:

interaction:

interaction:

interaction:

interaction:

interaction:

interaction:

interaction:

interaction:

interaction:

interaction:

interaction:

configurability

configurability

configurability

configurability

configurability

configurability

configurability

configurability

configurability

configurability

configurability

configurability

configurability



Jacob Somervell Appendix F. Process Walkthrough 205

+lack of configuration optionallows TC interaction: configurability
users to know exactly how the system

will behave at all times since everyone

will use the same interface (BB)

+accommodateaddition of groupsand TC interaction: configurability
days to allow increase in project
awareness (GAWK)

-users can not resizartifacts to 1C interaction: configurability
tailor their use of space (NC)

-users can not configuie interface interaction: configurability
to accommodate their own needs (BB)

-users can not requestspecific interaction: configurability
picture again (BB)

-multiple users may not agreen interaction: configurability
settings (PNB)

+selectingspeed, animation, and interaction: configurability
fonts promotes use (PNB)

+add deadlines or banner messages interaction: configurability
to promote new activities, actions,
plans (GAWK)

F.3 From Claims to Issues

We now provide the detailed analysis of the claims that produced the 22 design issues. These
design issues can provide designers with input in early design phases as well as suggest possible
design flaws if used in heuristic evaluation (see Section 4.7.2). Some claims did not directly impact
the issue formation, others had high impacts on the wordings. Unclassified claims are not included
here.

After classification and categorization, we had manageable chunks of claims that could then be
probed for underlying design issues. The issues found in this effort are described below. We relied
upon the wordings of the claims and in many instances, several claims from different systems had
similar wordings or addressed similar issues. Furthermore, some claims seemed obscure or strange
and did not necessarily contribute to the formulation of the issues.

Claims Resulting Issue
+Bannersuggests late-breaking changes Employ highly recognizable
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and adds excitement(GAWK)

+ pictorial representatiorof story will
draw interest to the story (PNB)

-collage metaphomay givedisorderly
haphazard appearanq®NB)

-lack of organizatiorbecause ofollage
metaphorcanhinder effortsto find an
artifact (NC)

+collage metaphoallowed the system to
place pictures in annorganized fashion
to use more screen spa¢é@/H)

+3D rep of “today” in front helps
peopleunderstand what's close@EAWK)

+use of timelingo convey history,
present status, upcoming requirements is
a strong metaphor (GAWK)

-banner info is often oldnot
exciting (GAWK)

+background supports the idea of
graffiti. ie: put anything you want for
everyone to see (NC)

+collage metaphosuggests loose
connection between stories (PNB)

+lack of metaphor use allows for less
prerequisite knowledge (PNB)

-3d metaphor may be missethce it
looks like a clickable object (GAWK)

-timelineconstrains lateral description
space (GAWK)

-people may not associate photos with
stories (PNB)
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metaphors that use/stress

organizational layout.

Avoid metaphors that suggest

haphazard or random layouts.
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+seeing photos triggers curiosigbout
topics (PNB)

-peoplemay not recognize photdmit
are still interested in the topic

(missed information) (PNB)

+ live videoallows a quick and easy way
of showing presence (NC)

+ posting of live videpsticky notes,
slide shows, etc. allows information
sharing (NC)

-chatting by using the post-it notes
creates a distractioffor others not
chatting (NC)

+using picturesas a single form of
information delivery reduces the
information clutter (WH)

+the system affords glancing at the
display toretrieve information
opportunistically(WH)

+vertical bar allowsisers to control
what artifacts must remain in clear view (NC)

+thevideo feedllows a user to
constantly be aware of people
working in the lab (NC)

+ showing deadlinekelps students
form goals (GAWK)

+ showing deadlinekelps teachers
focus students on tasks (GAWK)

+ showing types of work completed
gives a sense of what contributions are
still necessary (GAWK)

Show the presence of information
but not the details of the
information source.

The magnitude or density of the
information dictates visual

representation.
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+showing interestsf room occupants
triggers conversatiommong them (PNB)

+quadrants allow awarenesd news
categories that people are interested
in (PNB)

+seeingnews summariesllows people
to know the current statusf news
areas (PNB)

+showingwork historyshows group
reputation for success (GAWK)

+showinghistory of photosllows
tracking over time (PNB)

+system displays web pagedored
to the location in the attract
loop (BB)

+slideshow artifact allows multiple
images to beshown in limited spacéNC)

+system affords an environment
in which users can baware of
each otheand their community (WH)

-the system did not allow users
to filter certain types of image®VH)

-the system does not support receiving
a receipt once an artifact is viewed
by intended users (NC)

-lack of association of preferences

to a person may inhibit spontaneous
communication (no way to tell who
causes preferences highlighting) (PNB)

-no immediate indication for when
set of preferences changes (person
leaves or enters room) (PNB)

-the system does not provide any
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feedback on progress towards
personal goals (WH)

-users hiding certain artifacts may
miss important information
(filtering) (NC)

+ scattered arrangement of artifacts Appropriate screen space should
across screen accurately reflects the be delegated according to
collage metaphor (NC) information importance.

+ scattered arrangement of pictures Important areas should be
across screen accurately reflects the clearly recognizable.

collage metaphor (WH)
Information grouped by time

-photo artifact uses a lot of space (NC) should be sequential.
-pictures uses a lot of space (WH) Information grouped by type

can use random layouts within
+adjustable vertical bar lets user subgroups.

take control of the space (NC)
- users define screen space (NC)

+showing work effort according to
group and grade is most meaningful (GAWK)

+banner design optimizes screen
space for photos (PNB)

- space constrained for past items (GAWK)
- wasted space for future days (GAWK)
-bits of text displayed do not

use as much space as they could

for users to be able to read from
greater distances (WH)

+low contrastin all but one item focuses Use cool colors (blues, greens)
attention to the item (transparency)(PNB) for borders and backgrounds.
+color photosare appealing to look at Use warm colors (reds, yellows,
(PNB) oranges) for important information

pieces and highlighting.
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+green highlightstands out as item
being described in banner (GAWK)

+red deadlinestand out and imply
importance (GAWK)

-heavy use of redraws focus away

from past and current screen areas(GAWK)

+blue boundarie®n quadrants is
pleasing color, producescalming
effect(PNB)

+gray backgrounan banner separates
it from photo area (PNB)

+green highlights not overly
obtrusive(GAWK)

+blue highlightfor new item flashing
retains low obtrusivene§&SAWK)

Appendix F. Process Walkthrough

Avoid heavy use of bright colors.

-use of afancier font decreases
clarity (NC)

-font size is too smafbr a large
screen display (WH)

-use of afancier font decreases clarity
(WH)

-font may be too small to reddom
long distances (PNB)

+icons showwvhat work was a document,
chat, or photawithout requiring much
space(GAWK)

-small icons difficult to distinguish
(from a distance) (GAWK)

-smaller font size is harder to read
on the large screen display (WH)

Use sans serif fonts, in large
size to facilitate reading.

Avoid using multiple, small fonts.

Use meaningful icons to show
information, avoid text
descriptions or delegate them
to edges of the display.

Text-based banner information
should be located on the top

or bottom, depending on focus
and use of the information.
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+font size is readable at large screen
display (NC)

+usingsans serif font facilitates
reading (PNB)

+san serif font and large sider
easy readindgrom far away (GAWK)

+chat iconsshow direction of chat
and allow teachers to infer who's
leading efforts (GAWK)

-size constrains message length to 76
characters (GAWK)

-font size is too big for a personal
display, a smaller size could save
screen space (NC)

-rely on visual features totallio Avoid the use of audio.

convey presence of new info, alerts,
etc. (GAWK)

-relies on visual systeffior
information changes (PNB)

+lack of audio prevents
distraction/annoying noises (GAWK)

+lack of audio prevents
distraction/annoyance (PNB)

+lack of audio decreases interruption
and information overload, avoiding
sensory overload (NC)

-systemdoes not use audim alert
users when new information is
posted (WH)

-systemdoes not use audiwhen an
updated site is displayed in the
attract loop to notify people of the
update (BB)
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-rapid animated update® artifacts
cause the artifact tmove to the front
at constant rate (NC)

- transition of the slideshow can
distract users (NC)

+showing movement of picturedien new
items arrivedacilitates recognition
of new items (PNB)

+highlightingdisappears/reappears to
allow quick recognitiorof change (PNB)

+text changes with highlighting aids
association of the banner info to the
pictures (PNB)

-multiple movements (transitioning
photos and changed highlighting) can be
confusing (PNB)

-abrupt changes in highlighting can
cause distraction (PNB)

+new item flashing allows quick
recognition of changes (GAWK)

-must watch whole cycleefore getting
text (banner) info for new itentausing
frustration/confusion/interruptioGAWK)

-flashing with highlighting changes may
be confusing (GAWK)

-highlighting pattern isandomwhich
introduces uncertaint{PNB)

-competition between artifacts result in
artifactssuddenly appearing on top
creating a distractior(NC)

-pictures appearing/disappearing suddenly
may distract users since there is no

Introduce changes (new items)
with slower, smooth transitions.

Highlighting is an effective
technique for showing relationships
among data.

Use cyclic displays with care, indicate
where the display is in the cycle.

Multiple, separate animations should
be avoided.

Indicate current and target locations
if items move around the display.
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apparent use of a fade in/out feature (WH)

-slideshow artifact does not have smooth
transitions (NC)

-difficult to anticipate highlighting
sequence (GAWK)

+use of alpha-blend to transition between
webpage in the attract loajecreases
interruption (BB)

+lack of animated pictures or video
decreases interruption produced by
the system (WH)

+fading banner minimizes distraction
(GAWK)

-flashing duration may be too short
and go unnoticed (GAWK)

+major screen changes occur at the very
beginning of a session/day and aren’t
interruptive (GAWK)

+movement pattern has pleasing effect
and is not interruptive (PNB)

+system uses alpha-blend to transition
between webpages (BB)

+animated banner allows a lot of info
to be cycled (GAWK)

+transition of icon highlight
corresponds with banner update to
suggest association (GAWK)

-movement of pictures prevents tracking
of favorite stories (see where
it goes) (PNB)

-icons may be unexplained until
banner cycle updates (GAWK)
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-once a quadrant is full of pictures,
older ones are moved off and lost (PNB)

+users can not changle amount of Eliminate or hide configurability
time a picture is displayed (WH) controls.

+users can not configurthe rate
at which pictures from a source
appear (WH)

+users can not configureansition
of slideshow (NC)

-allows people to find the most
distracting settings (PNB)

-too many groups/days makes
interface too cluttereqGAWK)

+customizing the ratat which the
video feed updates allows user to
control interruption(NC)

-users can not changbe amount
of time a webpage is displayed
in the attract loop (BB)

+allows people to find thkeast
distracting settinggPNB)

+lack of configuratioroptions allows
users to know exactly how the system
will behave at all times since everyone
will use the same interface (BB)

-users can not resize artifacts
tailor their use of space (NC)
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F.4 Issues to Heuristics

To reduce the number of issues, we went through one more level of discussion and mitigation in
an attempt to reduce the amount of knowledge into a more manageable set. Again we looked at
the wordings of the issues to see if we could extract even higher level design guidance from them.
The goal was to find eight to ten heuristics that captured the overall design issues.

We provide the complete listing of the issues and the resulting heuristics from this process. The
process is described in Section 4.7.3 and the results are given below.

Issues Heuristic
Use cyclic displays with caution. If used, Use cyclic displays with caution
indicate "where” the display is in the cycle. if used indicate where the

display is in the cycle.

Show the presence of information, but Show the presence of information
not the details of the information but not the details.
source.

The magnitude or density of the information
dictates visual representation.

Use meaningful icons to show information, avoid
text descriptions or delegate them to edges

of the display.

Avoid the use of audio. Avoid the use of audio.
Introduce changes (new items) with slower, Judicious use of animation is
smooth transitions. necessary for effective design.

Highlighting is an effective technique for
showing relationships among data.

Multiple, separate animations should be
avoided.

Indicate current and target locations if
items move around the display.

Information grouped by time should be Layout should reflect the

sequential. information according to its
intended use.

Information grouped by type can use random

layouts within sub-groupings.
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Appropriate screen space should be delegated
according to information importance.

Important areas should be clearly recognizable.

Employ highly recognizable metaphors
that use/stress organizational layout

Avoid metaphors that suggest haphazard
or random layouts.

Use cool colors (blues, greens) for borders Appropriate color schemes should
and backgrounds. be used for information understanding.

Use warm colors (reds, yellows, oranges) for
important information pieces and highlighting.

Avoid heavy use of bright colors.

Use sans serif fonts, in large size to Use text banners only when necessary.
facilitate reading.

Text-based banner information should be
located on the top or bottom, depending on
focus and use of the information.

Avoid using multiple, small fonts.

Eliminate or hide configurability controls. Eliminate or hide configurability controls.
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Questionnaire

Here we have a snapshot of the questionnaire provided to the evaluators in the heuristic comparison
study (Chapter 5).
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Notification Collage

Using a collage metaphor

+ allows users to informally post information without any
regards to organization

+ background supports the 1dea of graffiti, 1.e. you put anything
vou want for everyone to see

+ lack of organization creates an informal wirtual enwvironment
for users

+ scattered arrangements of artifacts across the screen reflects
the collage aspect

BUT lack of organization can hinder efforts to find an artifact,
frustrating users when they are looking for a specific piece of
information

Please add any comments {about vour ratings or the claim)

This claim is appro

- o

1. Appropriate color .
O o

2. Layout should ref]
- o

3. Judicious use of a

- o

4. Use text banners
- o

5. Bhow the presenc
O o

&. Using cyclic displ
O o

7. Avoid the use of &
o o

2. Eliminate or hide .

- o
Rate the severity tl
o

Mo problem ()

Ilinor




Appendix H
Use Guide

Here we provide a guide for designers, developers, or researchers who are interested in creating
heuristics for some system class. Our method supports heuristic creation and the following guide
provides a simple explanation with examples at each step to illustrate the process.

Introduction

To understand the creation process described in Chapter 4, we provide a walkthrough of the process
using an example system class based on the “secondary display” class of notification systems.

A secondary display focuses on supporting high levels of comprehension of information, sup-
porting high levels of reaction, but also not requiring much attention. A classic example would
be a stock ticker. The ticker exists on the screen in a small area, provides information of interest
and use, yet does not take anything away from the primary task. The following sections describe a
possible approach to creating a set of heuristics targeted to this system class.

Step 1 — Identify Target Systems

The first step in this process requires identification of example systems from the target class. These
systems should be typcial of the system class in that they exhibit the desired levels of the critical
parameters. Current literature, successful applications, and highly visible interfaces are good can-
didates for finding example systems.

Good examples of secondary displays would include the aforementioned stock ticker, email
biffs, network monitors, and a plethora of others. Choosing three to five example systems should
provide adequate coverage of the system class.

Step 2 — Create Scenarios and Claims

After picking the example target system, proceed to write scenarios and perform claims analysis
on each system. This process is described in [77]. We have found that anywhere from three to six
scenarios are adequate for capturing the typcial usage situations and tasks associated with a given
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system. If a system is more robust, more scenarios are needed to cover the typical tasks supported
by that system.

Extracting claims from the scenarios should be straigtforward, based on the techniques de-
scribed in [77]. Itis helpful when extracting the claims to keep in mind the user goals associated
with the system, and how design choices (colors, animation, etc.) actually impact the user. This
ties directly in with the next step.

Step 3 — Categorize and Classify the Claims

As mentioned in step 2, categorization and classifiation of claims is at the heart of this method. As
claims are extracted from the scenarios, one needs to keep in mind the underlying psychological
impact the design artifact has on the user goals associated with a system. For example, if a claim
involves the use of animated text (like in a ticker), then a possible impact could be increased
interruption. Another example from the same claim would be possible decreased comprehension
(due to missed information, or only catching a snippet as it moved off screen). Indicating how the
claim impacts the associated critical parameters allows the researcher to group related claims.

Another technique that supports grouping of claims depends on the category in which the claim
lies. In other words, different claims may deal with the same type of design element (like color
or animation) or task (user feedback or system state information). By identifying the underlying
design element, the researcher can group the related claims.

A useful technique to aid in this process is to create a problem tree that captures the claims and
their associated impacts on the critical parameters. What this means is to create a physical depiction
of the claims, along with their organization into the categories. This allows the researcher to focus
on one group at a time during the next phase, thereby guiding and structuring the work effort.

Step 4 — Extract High Level Design Issues

After grouping the claims by category and assigning appropriate impacts on the critical parameters,
the researcher can begin to extract design knowlegde from the problem tree. This process entails
inspection of the wordings of the claims to identify the category and classification that led to its
inclusion in that particular node of the tree. This wording, coupled with the wordings of the other
claims in that node, can lead to one or more statements about the underlying design challenges
captured in those claims. These statements about design are consiggréel/eldesign issues

and can be useful in their own right as design knowledge.

Determining the wording of these issues is somewhat open to the researchers invovled in the
process. It is often useful to describe the type of design artifact and resulting impacts on critical
parameters. There should be some amount of specificity to these issues as they are taken from a
handful of individual claims. Deriving more generic heuristics occurs in the next step.

Step 5 — Synthesize Heuristics

Synthesizing a set of usable heuristics from the larger set of design issues requires investigation
and analysis of the wordings and relationships among the various issues. Identifying similar or
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common issues, as well as issues that deal with similar critical parameters suggests grouping and
generalizing them into higher level heuristics. Reference to existing heuristics can help with un-
derstanding the level of generality needed in the wording, but care must be taken so that the new
heuristics do not copy the model. The new heuristics should apply to the targeted system class.
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