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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
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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



Jacob Somervell Chapter 4. Heuristic Creation 35

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.
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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.
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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].



Jacob Somervell Chapter 4. Heuristic Creation 47

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
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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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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 al