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Abstract

We present a detailed case study, drawn from many information sources, of a computer scientist learning
and using Cognitive Walkthrough to assess a multi-media authoring tool. We then compare the
predictions produced by the analysis to the usability problems actually found though empirical usability
tests. This study zesults in several clear messages to both system designers and to developers of
evaluation techniques: (1) the Cognitive Walkthrough technique is currently learnable and usable, but (2) it
may not predict most usability errors found empirically, and (3) several elaborations of the technique might
improve its effectiveness. In addition, the emergent picture of the process this evaluator went through to
produce his analysis sets realistic expectations for other novice analysts who contemplate learning and
using Cognitive Walkthroughs.

1. Introduction

Information systems in our networked and multimedia age must be usable by the people they are intended
to serve. From the professional librarian expert in database searches to the school-child with a multimedia
encyclopedia on a CD-ROM to new surfers of the World Wide Web, people must be able to find the
information they want. From the professional cataloger to the student using a hypertext system to link
class-notes to homework assignments, people must be able to create categories and links that allow
themselves and others to find that information again. From CD-ROM textbook publishers to the PTA
news-letter volunfeers, people must be able to create the documents that give expression to their ideas.

But how do you know if an information system is usable? All too often, this question is only answered
after a system is built and put into use, and praise or complaints trickle back from users. All too often,
unusable systems are put into place at extreme capital cost to the organization, extensive training costs for
its staff, and continuing costs for end-users in terms of their time and frustration-level.

To address these problems, researchers in the field of Human-Computer Interaction have developed
several methods to evaluate computer system usability. These techniques are intended to evaluate a system
before it is built, even before a prototype exists. Some are based on modeling the user's cognitive
processing to evaluate the procedures people need to learn and use to accomplish tasks with the computer
system (e.g., GOMS, Card, Moran & Newell, 1983; John & Kieras, 1994). Others are primarily based
on heuristics gleaned from years of user interface design and development (e.g., Heuristic Evaluation,
Nielsen, 1994). Others are primarily based on software engineering design procedures applied to the
specification and evaluation of the user interface (e.g., User Action Notation, Hartson, Siochi, & Hix,
1990). And some are a combination of these influences (e.g., Cognitive Walkthrough is a combination of
psychological theory and software engineering practices, Wharton, Rieman, Lewis, & Polson, 1994). All
of these techniques are intended to be useful for system designers with many types of background:
professional programmers, graphic designers, domain experts, and individuals creating their own
information landscape.

Although promising, the development of such methods is relatively new and few of these techniques have
been subjected to rigorous validation (with the notable exception of GOMS, whose predictions have been
extensively tested both in the lab and in the field, e.g., Gong & Kieras, 1994; Gray, John & Atwood,
1993). Open questions remain about which techniques actually predict usability problems that will cause
users to fail at their real-world tasks or be inefficient, annoyed, or even misinformed. We do not yet know
which techniques work for which types of systems or user problems, or when in the design process to
apply them, or what educational background is necessary to successfully use each technique, or how to
combine techniques to get the most benefit with the least effort.
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Recently, some work has been done that compares different techniques (e.g., Cuomo & Bowen, 1994;
Desurvire, 1994; , Jeffries, Miller, Wharton & Uyeda, 1991; Karat, 1994). This work has taken the form
of experiments, formally comparing performance outcomes of different techniques. The dependent
variables are typically quantitative: the number (and type) of usability problems identified, how closely a
given technique predicts a user's behavior, the time it takes to perform the evaluation, the labor costs
involved. Perhaps the biggest difficulty with these studies is that they provide no data about what people
actually do when they are using these techniques. Without process data, it is difficult to understand how
the technique itself leads the analyst to identify usability problems, as opposed to the analyst simply being
clever. Without process data, a developer or analyst does not know what to expect when setting out to use
anew technique. Finally, without process data, it is difficult to provide meaningful feedback to the
method-developers so they can improve the techniques. Thus, at this formative stage in the development
of evaluation techniques, richer, more insightful data are required than summative comparisons can

provide.

In his book Case study research: Design and methods, Robert Yin (1994) states that a case-study approach
has an advantage over surveys, experiments, and other research strategies "...when a 'how' or 'why'
question is being asked about a contemporary set of events over which the investigator has little or no
control." (p. 9, Yin, 1994) This seems to describe the situation facing the field of HCI when evaluating
evaluation techniques. We are asking how a given technique can be used to predict usability problems,
why it works in some situations and not in others, and we have virtually no control over how an analyst

learns or uses a technique.

The essence of the case-study approach is to collect many different types of data and use them "in a
triangulating fashion" (p. 13, Yin, 1994) to converge on an explanation of what happened. When multiple
sources of information converge, it boosts our confidence that we have understood the series of decisions
occurring in a case; how these decisions were made, how they were implemented, and what result was
achieved. This deep understanding should allow us to know whether these processes and results are likely
to reoccur with other developers or in the next design project.

This paper presents a case study of a novice analyst learning and applying the Cognitive Walkthrough
(CW) usability assessment technique to a multimedia authoring tool.! The study analyzes several sources
of evidence: problem description forms filled out as the analyst worked, a final report by the analyst, and,
to obtain detailed process data, a diary kept by analyst while he learned and applied this technique. This
case-study approach allows us to look at what the analyst did, the confusion and insights he had about the
technique, as well as more traditional performance measures like the number and type of usability
problems identified.

The next section of this paper will present a brief summary of the CW technique that the analyst learned
and used in the case detailed in Section 3. Section 4 will present the empirical usability study performed to
provide data with which to evaluate the predictive power of the technique. Section 5 will discuss the
differences between the CW and the usability study. Finally, the concluding section will summarize the
lessons learned from these studies.

! In all, data were collected with analysts using Cognitive Walkthrough, Claims Analysis, User Action Notation, GOMS,
and Heuristic Evaluation, and simply reading the specification. However, all of these data have not yet been analyzed and this
paper will report the details of only a Cognitive Walkthrough case.
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2. The Case Study Situation

2.1. The analysis situation

It is not uncommon for a development team to ask one of its members (or an outside person) with an
interest in HCI to make recommendations about a user interface design (in fact, it was just such a request
that led the first author to switch fields from mechanical engineering to HCI 15 years ago). When this
happens the analyst must figure out what assessment technique he or she wants to use, find books or
papers describing how to use it, learn the technique from these materials, and apply it to the system
design. In this study, we set up a similar situation in the following way.

2.1.1. Figuring out what technique to use

Five volunteer analysts were given a 30 minute lecture on HCI assessment techniques. This lecture was
the methods part of the Iniroduction and Overview of Human-Computer Interaction tutorial given at the
CHI conference for the last three years (Butler, Jacob & John, 1995). The analysts heard this lecture from
the same lecturer (the first author) and received the same tutorial notes and bibliography as tutorial
participants, which is the way scores of professionals get their first introduction to usability assessment
methods each year. One week later, each analyst chose the method they wished to use.

2.1.2. The system and specifications

The analysts were given two documents with which to do their analyses: the user interface specification of
the ACSE multimedia authoring system and a target multimedia document (described below). The analysts
read these documents at home for one week and then were given two 1-hour sessions with the head
developer of the system to clarify any points of misunderstanding. The results of these sessions were
written up and sent to each analyst via e-mail. The analysts had access to the developer via e-mail if any
other difficulties arose understanding the documents, and all such e-mail conversations were sent to all
analysts.

The ACSE Multi-media Authoring System The Advanced Computing for Science Education (ACSE)
project has built a multi-media science learning environment to teach the skills of scientific reasoning (Pane
& Miller, 1993). This software system provides an author with a structured document framework and a set
of tools for constructing science lessons containing text, still graphics, movies, and simulations. The
system provides the science student with tools for navigating through the lesson, viewing the movies, and
manipulating and running the simulations.

Based on several years experience with this system, the ACSE project recently designed a second version
of it's authoring tool, called the VolumeViewBuilder (henceforth, Builder). The redesign was a group
effort recorded in a user interface specification written by a software developer and a technical writer, both
of whom had recently sat in on an HCI design class (Gallagher & Meter, 1993). The implementation of
the Builder was begun at the same time as our case studies and continues at the time of this writing.

The ACSE project gave us their user interface specification for analysis. The specification included an
introduction to the system and the goals of the document (4 pages), the interface for science students (the
VolumeViewExplorer, 9 pages) and the interface for the Builder (22 pages). The specification included 37
figures of the screens (1 in the introduction, 11 in the Explorer, 24 in the Builder) which ranged from
small pictures of specialized cursor icons to full-page figures of the entire screen (e.g., Figure 1).
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The Example Multi-Media Document: The target multi-media document was a biology lesson about
Drosophila development adapted from an advanced undergraduate biology course using the ACSE system
for laboratory sessions. This volume is 55 pages long, and in addition to text contains 23 high resolution
images and figures, 3 movies, 7 simulations, 10 fragments of simulation code, and 10 review questions.
The original volume was produced with the first version of the Builder and did not included a table of
contents, a glossary, or hyper-links, because those features were not included in that version of the
Builder. The first author modified this lesson to include these features and produced a hard copy target
document. This document did not run on a computer, but the links were explicitly indicated in
supplementary lists, i.c., all the table of contents entries and their page numbers were in a list, all the
glossary terms were in a list, all the hyperlink "hot phrases" and where they would point were in a list.
This document and the lists were given to the analysts as a typical document created with the new Builder.
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Figure 1. Example of an illustration in the Volume View Interface Design
[5, p. 16]. In that document, this is a full-page illustration of the screen of
the Builder application
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2.2. The Analysis Process

The analysts worked primarily on their own for an elapsed time of ten weeks. They used two forms for
recording their work on an ongoing basis: a structured diary and a problem description form (described
below). The group met once or twice a week to discuss the analysis process. Each analyst produced both
a verbal and written final report of their analyses. A questionnaire assessed the analysts educational and
professional background. All of these data were analyzed to produce the case reported in this paper.

2.2.1. The Diary Form

The diary form was adapted from (Rieman, 1993). The analyst used it to record his or her activity each
half hour while working on the analysis. The analyst wrote a short description of the activity and then
placed it in one of six different categories: literature search, reading for "what-it-is", reading for "how-to-
do-it", reading/analysis (when reading and analysis are so intertwined as to be inseparable), analysis
(when the analyst knows the technique well enough to analyze without reference to the literature), and
unrelated (e.g., copying papers). The form also had columns for recording a difficulty with the technique,
an insight into the technique, a problem with the design, a solution to a design problem, and "other." At
any time, the analyst could make a note on the form and write an extended explanation of what he or she
was thinking in a separate, free-form diary.

2.2.2. The Problem Description Form

The problem description report (PDR) was adapted from (Jeffries, et. al., 1991). The PDR provided an
area for describing the problem, an estimate of the severity and frequency of the problem, and an
assessment of whether these judgments came from the technique itself, as a side effect of the technique, or
from some form of personal judgment. Each PDR had a reference number that also appeared in a diary's
column for recording a design problem.

2.2.3. The Analysts' Discussions

The discussions with the analysts were structured around several open-ended questions: What did you do
in your analysis in the last couple of days? Did you have any difficulty with the technique? Did you have
any insights into the technique? Did you discover anything else notable about the technique? Thus, these
discussions centered around the process, not the content of the analyses. That is, they discussed things
like problems getting or understanding papers, problems making the techniques applicable to the Builder,
types of information their techniques needed or provided, but not specific usability problems with the
Builder (e.g., that the method of creating hyperlinks was awkward or that the menu items were in the
wrong place). The first author took notes during the discussions, which contributed to the case in this
paper. These discussions were also audio taped, but the tapes have not yet been analyzed and do not
contribute to this case.

2.2.4. The Final Report

Each analyst produced a written report that included a brief summary of the technique, an annotated
bibliography of the papers used to learn and apply the technique, any modifications made to the technique
to allow it to be used for the Builder specification, any areas of exceptional doubts or confidence about
using the technique, suggestions for improving the technique, and the three most important problems that
the designers should fix in the Builder.
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3. The case of analyst, A1

Al was a researcher in the School of Computer Science. He had taken over a dozen courses in CS,
considered himself fluent in two programming languages, and had worked professionally as a programmer
before taking part in this evaluation. He had taken one cognitive psychology course, but none in HCI. Al
received graduate-course credit for participating in this analysis.

3.1. The Choice of a Technique

Al spent 12 hours finding and reading papers about several HCI techniques and reading the Builder
specification before deciding which analysis technique to choose. He considered PUMs (Howes &
Young, 1991) but rejected it because it required getting the PUM simulation code. He considered heuristic
evaluation as defined by Jeffries and colleagues (Jeffries, et. al., 1991) but decided he did not have
sufficient UI design experience. He considered using standards or guidelines but rejected it because it
meant “a lot of reading though thick books.” He read Chapters 5 (Usability Heuristics) and 8 (Interface
Standards) in Nielsen’s Usability Engineering (1993). Despite some doubts about whether he had the
prerequisite training, he chose Cognitive Walkthrough (CW) based on the initial HCI methods overview
lecture (above) and the summary of the CHI'92 workshop on usability inspection methods (Mack &
Nielsen, 1992).

CW is an usability analysis technique similar in rationale and execution to requirements or code
walkthroughs. However, CW is based on decades of research in cognitive psychology that help focus the
walkthrough issues surrounding the ease of learning a new interface. This method has been evolving
since its introduction in 1990 (Lewis, Polson, Wharton, & Rieman, 1990) and it's current form (Wharton,
et. al., 1994) was eventually used by Al. Inputs to a CW are a description of the interface, a task
scenario, assumptions about the knowledge a user will bring to the task, and the specific actions a user
must perform to accomplish the task with the interface. The group, or individual, performing the CW then
examines each step in the correct action sequence asking the following four questions. "(1) Will the user
try to achieve the right effect? (2) Will the user notice that the correct action is available? (3) Will the user
associate the correct action with the effect that the user is trying to achieve? (4) If the correct action is
performed, will the user see that progress is being made toward solution of the task?" (Wharton, et. al.,
1994, p. 106) If a credible success story cannot be told for each question at each step, then a usability
problem has been identified and CW suggests ways of fixing the problem.

3.2. The time course of the analysis

A timeline of the activities of Al appears in Figure 2. After choosing CW, Al read several other papers
(Bell, Rieman & Lewis, 1990; Lewis, Polson, Wharton & Rieman, 1990; Polson & Lewis, 1990; Rowley
& Rhoades, 1992; Wharton, Bradford, Jeffries & Franzke, 1992) before finding Wharton, et. al. (1994)
(which at the time was only a University of Colorado technical report, but is now publicly available). In
his final report, Al stated that Wharton, et. al., (1994) is the only reference really needed to learn and use
the technique and strongly recommends it to other analysts because of its clear, step-by-step description
and concise examples. When he found this paper he read it with special emphasis on learning how to do

the technique (total 3 hrs).

Al then spent a total of 4.5 hours setting up task scenarios with correct action sequences in preparation for
doing the walkthrough. To do this, Al examined the functionality of the Builder and the frequency of
elements (e.g., PICT frames, movies, glossary terms) occurring in the Drosophila target document. In
doing so, A1 discovered that the Drosophila document did not include several of the features included in
the Builder interface document, e.g., it did not include graphical representations of simulation code like
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radio buttons for a fixed set of mutually exclusive parameters or slide-bars for changing numerical
parameters in a simulation. Noting this deficit in the target document in the diary for later discussion, Al
chose two task scenarios, the first being a short one (creating pps. 1-3 of the target document) to test his
understanding of the walkthrough technique, and the second being much longer (creating pps. 24-35; 104
user actions).

Activity
Iiteraturei - I l Key
search Design Suggestion(s) made
* JDesign Problem(s) found
reading:{ | ljl
what it is x Difficulty with technique
reading Insight into technique
how to do i
reading U
analysis| % oo oo
analysis
XX
L 1 1 1 1 i |
I 1 I I I I I
Time 7 14 21 28 35 42 49

(hrs)

Figure 2. Timeline of the activities of analyst A1l as he learned and applied the Cognitive
Walkthrough inspection method to the Builder multimedia authoring tool, as recorded in his

diary forms.

Al then determined the correct sequence of 36 user actions for the short task (1.5 hours) and performed
the walkthrough (2 hours). He found six usability problems and six associated design suggestions during
this self-imposed practice walkthrough. In addition to usability problems, this short analysis pointed out
many gaps in the Builder interface specification. After this, Al read Wharton and Lewis (1994), which he
found interesting, but not useful for applying CW.

Al then began to apply the CW method in earnest. Since he did not have ready access to designers of the
system, he performed the walkthrough himself, rather than in a group. He first prepared the correct action
sequence for this longer task (104 actions). He began the walkthrough with frequent reference to
Wharton, et. al. (1994), but after 2.5 hours of tightly intertwined reading/analysis and a second reading of
the Builder specification, he did not need to refer to the papers anymore. He then spent 16 hrs doing the
walkthrough, that is, for each user action he asked the four questions recommended by CW and either
wrote a success story or filled out a problem description report for each question. During this phase he
reported 36 usability problems and 35 design suggestions. His final report cites seven more general
psychology and HCI papers, which his diary does not record as being read during this time period
(presumably read during his cognitive psychology course).
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3.3. Tasks chosen for the walkthrough
3.4. An example of the content of A1's walkthrough

Figure 3 shows a portion of the action sequence Al prepared for himself for the second task scenario. He
listed both the action a user would have to take to accomplish the task and the system's response for each

step.

Figure 4 shows Al's walkthrough of the actions specified in Figure 3. For each action, he enumerated
the CW questions and either checked off a question if he considered it a success and recorded the reason
for his judgment, or justified why he thought the question indicated a failure of the interface to support
learnability. If there was a failure at a action, Al prepared a PDR (Figure 5) and put the number of the
PDR in his CW. In addition, Al often recorded a suggestion for redesigning the system to prevent the

failure.

Action Sequence
Task B: Create 24-35 in Drosophila document

USER ACTION SYSTEM FEEDBACK

Reopen Drosophila volume and go to p. 23

3.1.4.1, Click on Drosophila icon brings up simulation

3.1.4.2. Choose "Show Volume" brings up Drosophila volume
from the "Windows" menu with page 1 on top

Figure 3. Sequence of correct actions for a portion of the long task scenario used by Al.

Cognitive Walkthrough

Task B: Create 24-35 in Drosophila document
1 .1, part of task, Mac experience

2 icon visible

.3, Mac experience

4 simulation comes up

success

problem here: Mac experience tells you that you immediately get into the application by clicking on an icon
representing an instance of this application

2

[y

.2, accessible [through] menu

.3 again problem here

.4, loads Drosophila volume — visible in window
failure — 26

Figure 4. Al's answers to the four CW questions for the actions shown in Figure 3. The arrow pointing to "26"
indicates that this failure is reported in PDR #26 shown in Figure 5.
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Problem Description Form

Reference number in diary: 26

Brief description of the problem: Starting a volume in builder mode: Necessity to choose "Windows - Show Volume" to get into
builder mode with the current volume, contradicts Mac experience that you get into the correct application just by clicking
on a file created by this application

How did you find this problem? Using my technique

How frequently will users encounter this problem? Often

How did you estimate frequency? "Other" - [this will occur] each time the builder wants to edit an existing volume .

How serious is this problem? Serious

How did you estimate severity? Personal Judgment

Other comments? Design suggestion: Redesign procedure to open an existing volume. 1) click on icon representing the
volume, 2) a dialog box comes up-asking whether this volume shall be opened in builder or explorer mode, 3) application
loads volume and displays first page of it without any further action.

Figure 5. PDR#26 reporting the learnability problem identified in the CW of step 2 (Figure 4).

3.5. The usability problems identified

Al submitted 42 PDRs, all of which were written while doing tightly-coupled reading/analysis or analysis.
These PDRs included 46 unique usability problems and 6 duplicate problems (there were 9 PDRs with
more than one problem on them) as judged by consensus between the authors?. These problems covered
all aspects of the Builder application: bookmarks, frames, cross-references, glossary, table of contents,
cursor, help system, pages, undo, volume, and the entire application as a whole; but not problems with the
Drosophila target document. Of these PDRs, A1l said he found 61% of them directly from using the
technique, 12% as a side effect of using the technique, 15% simply from reading the Builder design
specification, and 10% from other sources (2% were left blank). Of the “other” reports, the source of
these problems were the group discussions.

The PDRs asked for a judgment of how frequently the problem would occur to a user of the Builder. Al
judged that none of the problems he reported would occur only once to a user, 22% to occur rarely, 37%
to occur occasionally, 29% to occur often, 10% to occur constantly, (2% were left blank). None of these
judgments came directly from using the technique, 39% came from personal judgment, 56% came from
“other” sources (5% were left blank). The other source of frequency information was usually the
frequency analysis of the target document that A1 had performed when selecting the task scenarios,
whereas a few were attributed simply to “common sense.”

The PDRs also asked for a judgment of the severity of the usability problem on a scale of 1 to 5, where
1=trivial, 3=moderately serious and 5=must be changed for software to be usable! On this scale, Al
judged none of the problems he found to be trivial problems, 12% to be 2, 29% to be moderately serious
(3), 49% to be 4, and 5% must be changed for the software to be usable at all (5% were left blank).
Again, none of these judgments were attributed to the CW technique, whereas 95% were personal
judgment (5% were left blank).

2 A previous report of these data found 48 usability problems and 4 duplicates (John & Packer, 1995). Subsequent
examination of the data resulted in two more PDRs being judged as duplicates. A full list of the usability problems found by

this analysis can be found in appendix 1.
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In his final report, A1 said that the three most important problems to fix were the icons in the tool palette,
the items in the menus, and the relationship of the glossary and table-of-contents panes to the main-media
pane of the Builder window. The first two of these problems had many PDRs associated with them (6 and
5, respectively, about 13% of the total number of PDRs for each one). This is not surprising, as two of
CW's four questions focus on the availability and meaningfulness of cues in the system, both of which
point to issues with icons and menus. The last problem appears in only one PDR. However, Al justifies
the importance of this problem with his frequency analysis of the Drosophila document: glossary terms
were the most frequently occurring feature of that document.

3.6. Difficulties with CW and insights into its use

In all, Al recorded 87 notes in his diary which he labeled either a difficulty with the CW technique or an
insight into its use. Figure 2 shows that the difficulties and insights occur not only when initially reading
about the technique or when learning how to use it, but throughout the analysis. These notes fall into
several major content categories. Also, some concerns disappear as A1l learns more or becomes more
familiar with CW, whereas others persist for the duration of the analysis.

3.6.1. Background and training required of the analyst (3 notes).

When reading about the CW technique, A1 was initially concerned about the amount of training necessary
for the analyst because of statements made in Lewis, et. al., (1990) and Mack & Nielsen (1992).
However, this concern disappeared from his diary notes after the 16th hour. By the final report, A1 was
"very comfortable with learning and applying the technique" and asserted that "little or no experience in
either user interface evaluation or cognitive psychology is required of the user [of the CW technique]."

3.6.2. Applicability of CW to the Builder application (5 notes).

Al wondered whether CW would scale up to the complex Builder interface. However, reading Wharton,
Bradford, Jeffries, & Franzke (1992) seemed to allay these concerns. In the final report, A1 says he
"...wondered whether the assumptions of the walkthrough...would apply to the evaluation of the Volume
View. But the assumptions about the user population (novice users with Mac experience) turned out to be
consistent with these assumptions and the more recent versions of the CW are not restricted to walk-up-
and-use interfaces."

3.6.3. Underlying theory (13 notes).

Al expressed many initial concerns about the underlying theory of CW. He was concerned about the -
validity of CE+ (Polson & Lewis, 1990) and what part the CE+ theory played in the actual walkthrough.
He was concerned about his lack of knowledge about the underlying theory, and how that would impact
his ability to conduct an effective walkthrough. However, these concerns disappear while reading
Wharton, et. al. (1994) because Al reasoned that CW's assumption that the user's actions would largely
be guided by the interface was valid for the Builder. In his final report, Al feels confident in his ability to
conduct a walkthrough, and states that "Little or no experience in...cognitive psychology is required...
The main strength of the CW is that the technique is very simple and easy to learn."

3.6.4. Task scenarios (13 notes).

Al had two types of concerns about the task scenarios CW requires. The first concern is with his ability
to develop "good" task scenarios. He felt that in order to come up with realistic task scenarios, he would
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have to talk to the users of the Builder, but this application was too new to have many users or a history of
use, so he had to settle for performing a frequency analysis on the Drosophila example document. He
continued to have insights about the choice of task scenarios throughout the analysis process, right up until
the very end when he decided that task scenarios for a design tool like the Builder should include
modification tasks and recovery from error as well as the create-from-scratch tasks he actually analyzed
(this last insight came from the group discussions, brought to the table by the analyst using GOMS).

Al's second concern was about not having the designers accessible to dictate the action sequences for the
tasks as the CW papers suggest. This remained a concern throughout the analysis because he believed he
needed to know more about the Builder than the specification contained, as evidenced by the fact that his
diary contains 23 notes about gaps in the specification. However, Al turned this problem into a virtue by
the final report; he stated, "determining the sequence of correct actions for longer task scenarios can take
quite a lot of time; and this can be quite costly if being done by a designer. Therefore, I suggest that the
sequence of actions is determined by the evaluator himself. Another reason for this modification is that it
puts the evaluator naturally in a situation of learning by exploration. After all, this is the main focus of the
Cognitive Walkthrough." Al recognizes, however, that if the evaluator determines the sequence of
actions, he or she must be given an opportunity to clarify questions with the designer.

3.6.5. The process of doing a CW (9 notes).

A1 had several concerns about the process of performing a CW that arose from reading the early research
papers about the technique (Bell, Rieman, & Lewis, 1990; Lewis, et. al., 1990; Polson & Lewis, 1990;

Rowley & Rhoades, 1992; Wharton, et. al., 1992). He was concerned about filling out structured forms,
how to handle design suggestions, and how to record usability problems that were not directly connected
to the task scenarios. However, all of these concerns disappeared when A1l read Wharton, et. al. (1994).

During the practice walkthrough, A1 found the process of stepping through re-occurring sub-procedures
to be very tedious. To relieve this burden, Al introduced macros for tasks that occur frequently in the
same context in the task scenarios. That is, he would perform the walkthrough for the first occurrence of
a sub-procedure at the lowest level of granularity, but for subsequent occurrences, he used a macro to
symbolize the detailed steps.

One process concern recorded by Al was justified when the PDRs were examined closely. Early on, Al
was concerned about how to keep track of many usability problems particularly when the walkthrough is
done over an extended period of time. Of the 52 problems reported by A1, we (the authors) agreed that 6
of these problems were duplicates. This amounts to 12% of the problems, but this problem might escalate
rapidly with larger systems.

3.6.6. The basic capabilities of the CW method (7 notes)

Al voiced an early concern, raised in Wharton, et. al. (1994) that CW could not address global design
issues. Evidently nothing in his experience with CW helped to quell that concern, for in his final report,
Al reiterates, "through the focus on the narrow path determined by the sequence of correct actions, global
design issues are not explicitly addressed." Furthermore, A1 says the focus on correct sequences of
actions prevents CW from addressing the ease of recovery from error. His suggestion for explicitly
including error-recovery task scenarios is an effort to overcome this problem.

Finally, Al was concerned that the technique does not provide guidance for rating the frequency and
severity of usability problems. Indeed, even if this concerned had not been articulated evidence from the
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PDRs is overwhelming. On the 42 PDRs submitted, none of the estimates of either frequency or severity
were accredited to the CW technique.

3.7. The quality of A1's walkthroughs

All of Al's products were examined in detail by John Rieman, a developer of the CW method. Rieman's
opinion of the work was that "Al's final paper showed an excellent understanding of
the...technique...[His] walkthroughs were fairly good...but they had some flaws." (personal
communication, 16 Dec 1994) Rieman thought that A1 often failed to recognize steps where the user may
not have the right goal (question 1). In addition, Rieman thought A1 was too strict in his failure criterion
for question 3. For instance, Al listed a failure when the user's goal was to create a glossary entry, but
the button was labeled "Gloss." Rieman would have called that a successful instance of label-following
rather than a failure. The first flaw would miss usability problems in the interface and the second flaw
would produce false alarms. Thus, if Rieman's judgments are correct, we expect that the problems
associated with A1's strict label-following criteria may not be encountered by actual users of the system,
whereas users may have more difficulty than the analysis predicted with figuring out what to do next.

4. Usability tests

We conducted empirical usability tests3 to discover whether the problems identified by A1 using the CW
actually occurred when people used the Builder application and whether other problems occurred that Al's
analysis missed. The Builder application had been in development in parallel with our diary-data
collection, and much (but not all) of it had been implemented at the time of these tests.

4.1. Method

4.1.1. User Tasks

We gave our users four tasks. The first was to create a three-page multimedia volume, attached to an
ObjectPascal program, from text, pictures and an animation in other Macintosh applications. These pages
included entries in the table of contents and glossary. The second task was to modify that volume by
switching page 2 with page 3. The third was to delete the second page of that document, and the fourth
task was to add another page at the end, enter another glossary entry and modify the definition of an
existing entry.

4.1.2. Participants
The participants were four* undergraduates from Carnegie Mellon University.
The first was a "pilot" session where the experimenter, Userl, did the tasks himself. Userl was an

experienced Macintosh user who had read the specification for the Builder, but who had never used it
before this session. During this session, he uncovered several usability problems. If this were a formal

3 The user tests were performed by Steven Marks, under the supervision of Bonnie John. We thank him for his efforts.

4 Prior research has shown that using three or four participants in a usability test maximizes the ratio of the number of
usability problems found to the effort involved in running the test (Nielsen & Landauer, 1993; Virzi, 1990).
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experiment examining hypotheses about the usability of this interface, we would not include User1's data.
However, this work attempts to follow good work practices in a development environment and there
useful information about the system would not be ignored simply because it was found before the "real”
users arrived in the laboratory. Therefore, we include Userl's data as well. :

The other three users were solicited through an advertisement on campus bulletin boards A basic
assumption of the VolumeViewBuilder application is that the users will be Macintosh users, therefore the
advertisement specified that the users be proficient with the Macintosh. - The advertisement specifically
asked for participants who had experience using some powerful word-processor on the Macintosh.

The four participants represented a wide range of Macintosh skill: three had no problems with a pre-task
where they had to cut and paste from one application to another but one was not able to do this without
difficulty. This range of skill is not unrealistic for the targeted end-users of the Builder.

Participants were paid five dollars per hour for their participation.
4.1.3. Apparatus

The user test was run on a Macintosh Quadra with a 17 inch color monitor, running system 7.5. MSWord
5.1 was used to hold source text and pictures, and MoviePlayer 1.0 was used to hold source animations.
HyperCard 2.2 was used in a short preliminary skills assessment. The test used
ObjectPascalGenie2.2d55, the developers' version of the ACSE software that had the most developed
version of the VolumeViewBuilder at the time. Each session was videotaped at the User Studies Lab in
the School of Computer Science at Carnegie Mellon University.

4.1.4. Procedure

Each session began with an explanation of the study; that we were testing a multimedia authoring tool in
the early stages of development and that the results of their participation would be fed back to the
developers to improve the system. Each participant signed a consent form.

The participant was then given very simple skills assessment tasks, just to demonstrate his or her
proficiency with the Macintosh. The participant was shown a screen with an MSWord file open and
visible, and told that both MSWord and HyperCard were currently running (HyperCard was not visible on
screen). The first skills assessment task was to switch between MSWord and HyperCard. The second
task was to copy a graphic (and only the graphic, with no linefeeds or text associated with it) from the
MSWord file onto a card in the HyperCard stack. The experimenter then demonstrated how to select an
animation in MoviePlayer, as selecting an entire animation may not be a familiar operation for all
Macintosh users. After the brief demonstration, the participant was asked to copy the animation into a new
MSWord document to demonstrate his or her newly-acquired knowledge of that procedure.

The participant was then given a short training in how to do a think-aloud verbal protocol. The participant
was told to think aloud as he or she worked. The experimenter demonstrated thinking aloud while playing
a solitaire game on the computer and the participant practiced thinking aloud with the same game.

After these preliminaries, the participant was shown an ObjectPascal program on the computer screen and
told that the system they were testing allowed professors to attach course material to simulation programs.
This program was a simulation of fruit fly embryo development that a was to have course material
attached to it. They were given three hard-copy pages of text, pictures, and an animation (denoted on the
hard-copy by standard VCR-like controls beneath a picture) and asked to create a multimedia volume that
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looked like these pages and attach it to the program. They were told that the source text, pictures and
animation were in other applications already open on their screen.

The participants were NOT given any specific instructions about the Builder. This instructionless learning
paradigm represents how many people use new applications (Carroll & Rosson, 1987), especially on a
computer platform that advertises its ease-of-use and commonality among applications. It is also the
optimal situation for testing predictions of the Cognitive Walkthrough technique, as that technique focuses
on how the interface itself guides the user to perform tasks and learn through performing.

After completing this first task, the participant was asked to do the second task; after that, the third, and so
on until all four tasks were done. All tasks together took between one and one-and-a-half hours to

complete.

4.2, Analysis and Results

The two authors analyzed the tapes separately using the MacSHAPA observational analysis tool
(Sanderson, Scott, Johnston, Mainzer, Watanabe, & James, 1994). We compiled a list of usability
problems that is the union of both analyses. A PDR was generated when one or more of the following

occurred on the videotape.

* The user articulated a goal and cannot succeed in attaining that goal within 3 minutes (then the
experimenter steps in and tells him or her what to do).

» The user articulates a goal, tries several things and then explicitly gives up.
* The user articulates a goal and has to try three or more things to find the solution.

* The user does not succeed in a task. That is, when there is a difference between the hard-copy
document the user was given and the Volume the user produced.

* The user expresses surprise.
* The user expresses some negative affect or says something is a problem.
* The user makes a design suggestion.

* The analyst sees something in a group of PDRs that he or she can generalize into a more global
problem.

Given these criteria, 60 usability problems were found in the videotapes of the four users3 No problems
were experienced by all users, 5 were experienced by three users, 16 happened to two users, and 39
happened to only one user: not an unreasonable pattern of results for usability studies.

5 A full list of the usability problems observed in these user tapes can be found in appendix 2.
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5. Comparing A1's CW to the Usability Tests

5.1. Problems Available for Comparison

To compare the usability problems predicted by Al's CW analysis to those observed in the empirical
usability tests, we must first determine what set of usability problems could possibly have been both
predicted and observed. That is, some predicted problem might not be observable and some observed
problems might not be able to be predicted because of the Builder implementation used at test.

5.1.1. Predicted problems that could be observed

The implemented version of the Builder differed from the specification that A1 analyzed for several
reasons. First, only part of the Builder was implemented, so usability problems predicted in those aspects
of the Builder that were not implemented could never be observed (16 problems). Therefore, only 30
problems predicted by Al were even potentially observable.

Second, the implemented Builder differed from the specification because of the usual development
process. That is, as the developers implemented the system, they discovered places where the
specification was ambiguous or incomplete and made the decisions necessary to complete the code.
Alternatively, as they coded, they discovered interface procedures or functions that they thought were
better than those in the specification, discussed the new ideas with the project team, and implemented those
instead. Al predicted 12 problems in areas of the Builder specification that did not perform as specified at
the time of test, so those problems could not be observed. So, of the 30 problems that A1 predicted, 40%
were designed away in the normal development process.

Thus, the Builder application actually implemented provided the opportunity for users to experience 18
problems predicted by Al.

5.1.2. Observed problems that could be predicted

Of the 60 problems observed in the user tests, many could not be predicted by a CW. For instance, actual
runtime bugs in the code that caused the system to crash or cause spurious highlighting of text, etc. could
never be predicted by a pre-implementation analysis technique. Our participants experienced two such
runtime bugs (3%).

Also, since the developers did not implement the Builder to the original specification, but changed the
system in the course of normal development, any analysis done on an initial, static specification could not
predict usability problems with totally new features or procedures. Twenty-three of the 60 usability
problems observed (38%) occurred in areas where the implementation did not match the original
specification sufficiently to allow prediction. Thus, the system developers introduced usability problems
that were not in the specification, perhaps just as many as they removed.

This leaves 37 usability problems out of the observed 60, that could have been predicted by Al's CW, in
principle. However, sometimes this prose specification was incomplete or ambiguous, and the developers
filled in the details as they coded. Of the 37, 16 are explicitly in the specification, 3 can be assumed from a
knowledge of Macintosh™ standard interfaces (which was stated as the default underlying assumption of
the specification), 6 are implied by the specification but not explicitly discussed, 8 are incomplete or
ambiguous in the specification, and 4 are not mentioned in the specification at all. It is unclear whether an
HCI usability analysis technique like CW should find such problem that are implied, not fully specified, or
omitted from a specification. In fact, some usability analysis techniques are specifically designed to make
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a user interface specification complete (e.g., the User Action Notation specification language, Hartson, et.
al., 1990). Such problems range from missing functionality, e.g., that making a glossary entry does not
automatically search the document for other occurrences of the word and make links from those
occurrences into the glossary, to lower-level user-feedback issues, e.g., the highlighting of the table of
contents item does not always track the user's navigation through the volume. Since prose specifications
are very common for user interfaces, usability inspection techniques are designed to be used with prose
specifications, and these problems are unavoidable with a natural-language specification, then CW should
be able to identify such problems.

In the remainder of this discussion, we will compare these 37 observed usability problems to the 18
problems predicted by CW that we considered potentially observable above (Figure 6).

5.2. Hit's, Misses & False-Alarms of A1's CW analysis
5.2.1. Problems predicted by A1's CW and observed in the user tests

Of the 37 observed usability problems that could have been predicted by Al's analysis, 2 were predicted
precisely (5%), and two were predicted vaguely by a single CW PDR (5%). (Since the specifics of the
vaguely-predicted observed problem was not specifically predicted by Al, we will count them as misses in
the next section as well.)

An accurate prediction made by Al was that users would not be able to associate the "Windows" menu and
its "Show Volume" item with their goal of opening a new volume in which to put the text, pictures and
animation (CW-39 in Figure 6). Indeed, three of the four users had so much difficulty accomplishing this
first step in the task that the experimenter had to stop them after 3 minutes and give them the answer. A1l
also suggested that the item be called "Open Volume" and it be under the "File" menu, which matches
precisely what the users were saying as they all searched that menu first.

Al's walkthrough also predicted that users would have difficulty finding the menu item to add a page to
the volume. Indeed one user tried scanned every menu several times looking for some item to add a page
and did not see this command although he stared at the Windows menu for over a second. He eventually
found the item after reading each menu carefully two and three times.

Lastly, A1 predicted that users would be confused about which actions to find in the palette and which to
find in the menus (CW-1). This is a rather vague PDR that does not point to a particular problem. User2,
User3 and User4 routinely explore both buttons in the palette and many menus when they did not know
what to do, indicating that they have no clear idea about the division of functions. We have credited the
CW with predicting two observed usability problems with this sweeping PDR, but we believe this is
generous given the weak evidence. It is possible that Al's concern might have caused designers to
completely re-think the menus and palette, had they considered it early in the design process.

5.2.2. Problems not predicted by A1's CW but observed in the user tests

In contrast to the small number of problems predicted above, Al's CW missed 35 of the 37 observed, but
potentially predictable, usability problems (95%). Figure 6 classifies all of the observed usability
problems by the CW question that could have predicted them (indicated by dots in the appropriate
column). Sixteen pertain to Question 1, whether the user will have the right goal at the right time. Five
pertain to Question 2, whether the action to accomplish that goal is available in the interface. Three pertain
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to Question 3, whether the user will associate the goal with the action. And six pertain to Question 4,
whether the user will get feedback that he or she is making progress if they take that action. Seven do not
seem to fall into these categories, as will be explained below. As discussed above, two of these problems
were predicted precisely by the CW and two were predicted so vaguely that we are considering it
unpredicted for this part of the analysis (indicated by parentheses around the x's and CW ids).

Seven of the problems found by users do not seem to fall within the province of the CW technique. For
instance, U-01 involves the system interrupting the user to ask for a name for an auto-save file (Sys in
Figure 6) which was only implied by the specification's reference to the auto-save feature. Problem U-03
was a performance issue (Perf, in Figure 6); the user complained that scrolling was slow, something CW
does not address. We have classified four problems as "unfulfilled expectations" (UnEx). That is, the
situation was a CW success story for all four standard questions, but the user expected the system to do
more than it actually did: be able to search for text (U-03), find all occurrences of glossary terms (U-37),
update the glossary when whole pages are removed (U-38), and ignore white-space in glossary entries (U-
41). Finally, we identified an "analyst inferred user need" (Anal) for page-layout assistance; the users
did not articulate a need for this feature, but we inferred it from the large amount of time the users spent
fussing with the size and position of frames on the page. It is unlikely that the Cognitive Walkthrough
could ever predict performance problems, or the myriad of things that users will attempt to do or expect the
system to do for them. However, CW might be able to help an analyst infer user needs from highly
repetitive or seemingly meaningless activities (like fussing with the size and placement of frames or
visually searching for a word). We will return to this discussion in section 5.3.

It is more difficult to explain why the other 28 problems found by the users were not predicted by Al's
CW. After examining the predictions A1 made that were not evident in the users' behavior, we will return
to this question, bringing other data from the case study to shed light on the problem.

5.2.3. Problems predicted by A1's CW but not observed in the user tests

Of the 18 problems Al predicted, 15 were not reported in PDRs made through observation of the user
tests. However, there are three categories of these unobserved problems. The first are not actual false
alarms, rather, they are an artifact of the usability test itself. The second involves a series of predictions
based on button-appearance that was slightly changed by the developers, but was so close to the original
specification that we decided to track their occurrence in the user tests. Finally, the third are true false
alarms, as Al's CW predicted that users would have problems and they didn't.

Seven CW PDRs fell into the first category because the task we gave to the users did not require them to
exercise the features discussed in the PDRs. Three of these had to do with saving the file in different ways
(execute-only so that the code associated with the volume cannot be changed, CW-3; text-only, CW-4; and
for end-user-use only so the frames in the volume cannot be changed, CW-36), and the task did not ask
the user to save the file in any of these exotic ways. In fact, the auto-save feature was active by default
and the users recognized that their file was being saved automatically, so they never brought up a save
dialog box and never even saw the options for exotic saves. Three CW PDRs predicted that manipulating
different windows (views) would be difficult (CW-5, CW-6 and CW-7), but we did not have multiple
windows within the Builder application in the users' task so there was no opportunity to observe these
problems. Finally, Al predicted that users would want to undo sequences of actions, not just one (CW-
35). Although our users never articulated this desire, our tasks may not have been complex enough to
warrant the feature. These artifacts of the user task remind us that usability tests themselves must be
carefully designed and should not be taken as identifying all possible problems (usually just those that
could be observed in a single hour of a novice-user's time!).
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A1 predicted that users would have problems with five buttons: create-frame (CW-13), move-frame (CW-
14), the page-up/page-down buttons (CW-37), and ToC (table of contents) (CW-31). He said that the
pictorial icons were not meaningful for the first four and the label was meaningless for the last. The
developers made very slight changes in the course of implementation to each of these buttons, so we
examined the users' behavior to see if problems occurred. The users seemed to have no problems using
these buttons. However, since the predictions were made on slightly different buttons than the users saw,
we cannot count these as verified false alarms, rather, just as an indication that problems with icons and
labels might not be as severe as Al thought.

Finally, 4 of the 15 unobserved CW PDRs seemed to be actual false alarms (27%). Our usability tapes
have explicit evidence that users found it quite easy to size a frame when creating it (CW-10), paste all
types of information into frames (CW-11), resize the glossary pane (CW-26), and find the "Go to page"
menu itemn (CW-38).

5.3. Explaining the walkthrough's effectiveness.

Although this case study displays Cognitive Walkthrough as a technique that is learnable and usable by an
analyst not trained in psychology or HCI (John & Packer, 1995), it is shown here to be disappointing in
its ability to predict actual user problems. Al predicted about 5% of the problems, missing about 95%,
with about 25% verifiable false alarms. We look now to some of the detailed information collected in our
case-study to ask why this effectiveness came about. In particular, we can look at the content of the
PDRs, impressions that A1 had about his own analysis in the diaries and the walkthroughs themselves to
help form hypotheses about why some problems were predicted and others weren't. We also have an
independent assessment of the quality of Al's walkthroughs by one of the developers of the CW
technique, John Rieman, which may provide even more insight into the misses and false alarms. In this
section, we will take several different cross-sections of the data to help explain how the misses and false
alarms might be avoided in future walkthroughs.

5.3.1. Sins of commission or omission

One hypothesis for the large percentage of misses is that an inspection method like the CW might only be
able to detect usability problems of commission rather than omission. That is, since the CW works from a
specification of the system and tasks defined by the analyst, perhaps it can detect usability problems
committed by the developers' specification of the interface, but not problems with features omitted by the
developers. Users on the other hand, have prior knowledge and their own goals beyond what the
developers or analysts think of and therefore think-aloud studies uncover omissions as well as
commissions. If this hypothesis were true, then there would be a preponderance of unpredicted usability
errors attributable to omission of a capability, and Al's predictions would not predict such omissions.

There is little evidence supporting this hypothesis. Al predicted 4 problems of omission out of his 18
predictions, two of which were verifiable false alarms and two of which were not called for by the task.
Three problems (CW-10, CW-11 & CW-35) came directly from a walkthrough, but the other PDR (CW-
36) was not attributed to the CW technique directly by Al. Rather, he said he used his own experience
instead of the CW technique to identify that problem. In all cases, Al brought his own prior knowledge to
bear on the problem and could indeed see potential problems of omission, so it is the case that an analyst
using CW can predict problems of omission.
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However, of the 37 observed usability problems, 13 are problems of omission and none of these were
predicted by Al's CW, so, in practice, these types of problems were indeed missed by the analysis.
Perhaps such problems are identified only through idiosyncratic prior knowledge or goals belonging to a
single user, and no analyst's prior knowledge could be expected to produce any one user's problems of
omission. If this were the case, then each of the problems of omission would have occurred to only one
user during the study. Again, the data does not support this hypothesis, as 6 of the 13 problems of
omission were found in the behavior of two users (46%), which is substantially higher than the percentage
of problems of commission that occurred to multiple users (29%). Therefore, it seems that separating user
problems into commission or omission does not help us identify the source of the misses in Al's analysis.

5.3.2. Did A1's doubts manifest themselves?

Al had several doubts about the CW technique that were unresolved at the end of the his analysis. Can
any of these doubts account for the misses or false alarms in his results?

A1 was concerned about his ability to pick task scenarios that would find all the usability problems. He
used the target document given to him as a source for the tasks. In fact, he did a CW for each step in
creating 15 pages of the 55-page target document, and added some navigation and modification tasks that
changed glossary entries and deleted and added pages. But he was still uncomfortable with his task
selection. In his final report, he suggested including tasks that started from where a user had made an
error, to check the procedures for error-recovery.

Given Al's degree of uncertainty, perhaps his choice of tasks to walkthrough caused him to miss some
usability problems. Of the observed usability problems that Al's CW missed, his page-creation and page-
modification tasks included the opportunity to discover 31 of the 37 of the observed usability problems.
On the other hand, he did not include error-recovery tasks in his walkthrough. The users made many
errors in their work and error-recovery led to 4 usability errors that were not discovered with errorless
performance (11% of the observed problems). So, although including error-recovery tasks is a good idea
in principle, pragmatically, it is likely to produce only modest improvement in a CW's hit-rate.

A second concern that A1 carried throughout his experience with CW, was that the technique focused on
such detailed procedures that it may not be able to detect global problems (also discussed in Wharton et. al,
1994). To explore this concern, we classified the observed usability problems intolocal, where the
problem involved a single localized procedure or user goal, global, where the problem would occur with in
several procedures or relevant to several types of goals, or conceptual, where the problem seemed to have
deeper roots (i.e., the developers and users had different models of the way the Builder worked). If Al's
concern identifies an underlying cause of CW missing problems, then there should be a preponderance of
missed problems in the global and conceptual categories. There is some evidence for this hypothesis. The
usability tests also concentrated on local problems (24 out of 37 were local) and the CW also predicted
non-local problems (3 out of 18 could be considered non-local). The ratio of non-local misses (37%) is
more than twice the ratio of Al's non-local predictions (17%), so finding a way to focus on more global
issues would help the CW technique.

5.3.3. Did A1's modification to the technique help or hurt?

Al introduced the use of macros to reduce the tedium involved in walking through repetitive tasks. His
macros were called CREATE-FRAME and CREATE-GLOSSARY-ITEM. The first highlights the basic
orientation of the Builder: it is a frame-based editor. The second indicates that creating many glossary
items can be very repetitive. It is possible that when an analyst feels the need to use a macro, it may be an
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indication of a more global issue in the interface. For instance, although there is nothing inherently wrong
with a frame-based editor, the CREATE-FRAME macro highlights the philosophy, pointing the analyst to
the question: Will the target users have the same philosophy? Two observed problems stemmed from
users not having this philosophy (U-08 & U-24), both of which are global problems. Likewise, the need
to use the CREATE-GLOSSARY-ITEM might focus the analyst on the question: Why is this procedure so
repetitive? Relieving the tedium of this procedure was also noticed by the users, as two of them wanted
the glossary to find other occurrences of the word and make links automatically (U-37). Thus, Al's
macros might have masked the glossary problem in this walkthrough, but if analysts add these two
questions each time a macro is used, it might help detect some global issues as was suggested above.

5.3.4. Were an expert's intuitions about Al1's CW correct?

The preceding discussion indicates that Al's intuitions about his own walkthrough process do not fully
explain why his CW was not as effective as we would hope an usability inspection analysis would be.
Perhaps this is because Al was a novice with the technique. John Rieman, one of the developers of the
CW technique examined Al's working notes and final report and provided us with his intuitions as to its
effectiveness (John Rieman, personal communication, 16 December, 1994), and perhaps those
impressions explain the misses and false alarms.

Rieman thought that A1 was too lenient in his judgments that users would intuitively know the next sub-
goal in a procedure. For instance, Rieman wondered how a user would know thatfirst a title must be
created in a frame and then the frame can be entered into the Table of Contents. Therefore, Rieman
predicted that users would have more failures with the first question of the CW than Al recorded. There is
some evidence that this was indeed the case. Of the 37 observed problems, 16 of them were in the realm
of CW's first question, and none of these were predicted by Al's CW. These problems represent almost
half (46%) of the unpredicted problems.

Rieman also thought that A1 was too strict in his definition of potentially successful "label-following."
Rieman said

"[Al] often assumed the user had exactly the right goal ("Add a Glossary Term"), then
identified a problem because there wasn't an exact label match ("Gloss" instead of "Glossary").
We're looking for a match between a concept and a label, not a word and a label."
(John Rieman, personal communication, 16 December, 1994).

Thus, Rieman predicts that A1 would produce false alarms with respect to finding the right menu, menu-
item, or icon. Indeed, two of the four verifiable false alarms were attributed to a failure in label-following,
and the additional pseudo-false alarms were all in the label-following category.

Thus, it seems that an expert's inspection of a CW can identify problems with a novice analyst's process
fairly well. This suggests that CW experts have more knowledge about the process than is codified in the
existing publications, suggesting in turn, that perhaps personal training, some feedback, or improved
documentation is likely to improve the effectiveness of a novice's walkthrough.

6. Summary and Conclusions

This detailed analysis of the content and process of Al evaluating a multi-media authoring tool has
provided several interesting lessons about the learnability, usability and effectiveness of the Cognitive
Walkthrough technique, and some are about the interactive-system development process. Because this is a
case-study, however, it is important to remember that these lessons take the form of hypotheses, to be
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investigated through further research, both through numerous converging case-studies and through more
controlled investigations. In particular, this was a case-study of an individual doing a CW, whereas the
preferred method is for the CW to be done in a group. Keeping those cautions in mind, the lessons
learned are as follows.

About the Cognitive Walkthrough technique:

» The analyst felt that the CW technique was learnable and usable in a reasonable amount of time
despite his lack of training in HCI or psychology, BUT,

¢ The CW analysis predicted only about 5% of the observed usability problems, missed about 95%,
and had a false-alarm rate of about 25%.

* Neither features of the usability problems themselves, nor the analyst's intuitions about
deficiencies in his walkthrough, fully explain why the analysis was disappointingly ineffective,
BUT,

» Several suggestions come from Al's experience:
(1) Use error-recovery tasks in the walkthroughs as well as creation and modification tasks.

(2) Use macros when needed, but ask the questions "What does this say about the
philosophy of the system and will the target users have the same philosophy?" and "Why
is this procedure so repetitive?" to help focus on more global issues. AND,

* A CW-expert's intuitions about the analyst's walkthrough were accurate enough to suggest that
improvements to the technique and/or training materials for the technique could improve the
effectiveness of a novice analyst, by:

(1) Helping to identify realistic user-goals.
(2) Understanding how users follow labels.
About the interactive-system development process:

*  About 40% of the problems predicted from the original specification were not evident in the
implemented application because the developers changed their minds in the course of development.
Likewise, almost 40% of the observed problems were not in the original specification. Thus,
developers introduce problems as well as design them away in the normal development process.
Any usability evaluation technique needs to be kept up with changes in the product, and the
development process needs to allow for such updates.

* The results from a standard think-aloud usability test (the most commonly-used method of
evaluation in the software-development industry today), should not be viewed as a gold-standard,
because they are as dependent on choice of task as any inspection method.

Finally, this case study approach used many different types of information to converge on a picture of the
process Al went through to produce his analysis. This story itself can help designers learn and use CW
by providing realistic expectations about the process, the difficulties and insights, and the length of time it
takes to perform an analysis. Such expectations are missing from a textbook description of a technique,
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and yet are a valuable part of any decision to embark on incorporating a new usability analysis technique
into the interactive-system development process.

In the development of increasingly powerful and accessible information systems, predicting usability will
become even more pragmatically and economically important. This case-study shows that one predictive
evaluation technique, Cognitive Walkthrough, is not yet ready for every development effort, but points
along a path to being a useful tool in system design.
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Appendix 1
The following table lists the 46 Usability Problems found by Al's Cognitive Walkthrough.

It gives a brief description of the problem and the actual text of Al's Problem Description Report. In
addition, this records whether the feature had been implemented as specified, the design had changed, or
was not yet implemented at the time of test. Whether the tasks given to the user provided an opportunity to
discover this problem and the rational behind these judgments are also recorded.
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Appendix 2

The following table lists the 60 Usability Problems found by in the user tests.

It gives a brief description of the problem, which user's behavior exhibited that problem, and which
analyst found the problem (encoded as <inital><PDR#> in the user's cell). It records that part of the
specification which covered this aspect of the interface and whether the implementation was consistent
with that specification (if something is not mentioned in the specification, it is judged to be consistent). In
addition, if the problematic aspect was consistent with the spec, this table records whether it was explicit in
the spec, implied by the spec, ambiguous or incomplete in the spec, assumed from Macintosh™ standards,
or not mentioned in the spec at all, and the rationale for these judgments.
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