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Abstract

Increasing the usability of software by integrating usability engineering into the
development cycle has become common practice. Although usability engineering is
effective, it can be expensive, and organizations want to receive the best possible returns
on their investments. Oftentimes, however, organizations spend large sums of money
collecting usability problem data through activities such as usability testing, but do not
receive acceptable returns on those investments during redesign. The primary reason is
that there is an almost complete lack of methods and tools for usability problem data
analysis to transform raw usability data into effective inputs for developers. In this thesis,
we develop an infrastructure for usability problem data analysis to address the need for
better returns on usability engineering investments. The infrastructure consists of four
main components: a framework, a process, tools, and semantic analysis technology.
Embedded within the infrastructure is the User Action Framework, a conceptual
framework of usability concepts, which is used to organize usability data. The process
addresses extraction of usability problems from raw usability data, diagnosis of problems
according to usability concepts, and reporting of problems in a form that is usable by
developers. The tools leverage the framework and guide practitioners through the
process, while the semantic analysis technology supplements the capabilities of the tools
to automate parts of the process.
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1 Overview
1.1 Motivation
Increasing the usability of software by integrating usability engineering into the
development cycle has become common practice. In fact, usability is one of the primary
reasons why a piece of software fails or succeeds in the competitive software market.
Downstream in the process from usability testing, however, developers often receive a
low return on their usability engineering investments because of information losses
between usability problem capture and redesign. This information loss is due to a single
fact: there is an almost complete lack of methods and tools for usability problem data
analysis to transform raw usability data into effective inputs to redesign for fixing
usability problems found in usability testing. Thus, there is a definite need for effective
usability data analysis techniques and support tools that significantly increase returns on
investments in usability testing.

Our work was motivated by the realization that usability practitioners cannot expect to
know what to "fix" in redesign without understanding the problem in terms of its type,
how it interferes with the user's cognitive and physical actions in task performance, and
its causes within the interaction design.  Usability problems that look similar on the
surface can have different underlying causes, and vice versa.  Trying to fix the wrong
problem can lead to misdirected solutions and wasted resources, lost opportunities to fix
the right problem, and can even cause new usability problems.  Additionally, we realized
that an accessible repository of usability problems and their analyses would support re-
use of usability problem data and analysis effort.

1.2 Scope and Setting of the Work
Figure 1 depicts the usability data management cycle, which occurs within the overall
usability engineering development process. In this thesis, we concern ourselves with a
subset of this cycle, “B” in Figure 1, which addresses the analysis of raw usability data to
produce problem reports that facilitate design correction. In particular, analysis is
composed of the activities of usability problem extraction, diagnosis, and reporting.
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Figure 1: Usability data management cycle

Usability testing at “A” of Figure 1 produces raw usability data in the form of critical
incident and usability problem descriptions. In principle, through usability problem data
analysis, individual problem descriptions are later extracted and diagnosed at “B” and
converted into usability problem reports for subsequent fixing with design/redesign
solutions at “C.” After changes are implemented at “D,” the process can be iterated with
successive testing, analysis, and redesign. In practice, however, the lack of methods and
tools for analysis at “B” leads to poor communication of usability data, obstructing
appropriate redesign solutions at “C.”

A scenario illustrates the problem of low returns with the existing usability data
management cycle. A usability practitioner is performing usability testing to evaluate the
interface of a new software application. The practitioner observes a participant as she
performs benchmark tasks and records critical incidents that occur when she has a
problem. The practitioner has to record a large number of problems and, out of necessity,
writes brief descriptions of the problems, so that he can keep up with the participant.
These problem descriptions represent the raw usability data that comes out of the
collection stage. The practitioner has a minimum amount of time to work with the data
before the next project and performs basic analysis including extraction and grouping of
the problems to create problem reports. He then hands these reports off to the developers
who will use them to redesign the interface. When they receive the reports, however, the
developers are working on optimizing the backend of the system and cannot make
immediate use of them. The reports sit unused for two months before the developers are
ready to redesign the interface. When they read the reports, the developers have several
questions about the problems and are not sure what constitutes an appropriate fix. The
brief descriptions that were good enough for the practitioner at the time of collection are
too vague for the developers who were not present for the usability testing. They contact
the practitioner who performed the evaluation, but he has since performed two usability
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evaluations and can no longer remember exactly what interaction design flaws were
responsible for the problems. As a result, the developers make informed guesses and
create new problems by fixing nonexistent problems.

We have addressed the problem of low returns on usability engineering investments by
creating an infrastructure for effective usability problem data analysis in “B.”  We have
divided our work into two phases as illustrated in Figure 2.

Figure 2: Epistemological cycle

Phase 1, which provided immediate returns, is the primary focus of this thesis. The major
technology for this phase was the User Action Framework (UAF). We performed a series
of exploratory and formative studies to better our understanding of usability problem data
analysis and develop strategies for improving it. The result of our work with phase 1 is an
infrastructure for usability problem data analysis. Phase 2 is more involved and requires
considerable resources, but it has the potential to provide valuable long-term results.
Phase 2 will be the primary focus of a PhD dissertation and involves using latent
semantic analysis (LSA) technologies to extend our work on our infrastructure by
providing measures of semantic similarity for automating analysis. Phase 2 will involve
formal validation through summative studies.
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The following is a high level overview of our work on phase 1 in terms of the
epistemological cycle (Figure 2); we describe this work in the Technical Discussion
(section 6):

Exploratory Empiricism

We performed the following exploratory studies to aid in tuning the UAF:
• A two-part study helped us to learn about the diagnosis performance of new and

intermediate users of the UAF. The results of the study helped us improve the content
of nodes in the UAF and the overall structure.

• We performed a walkthrough of the UAF Planning sub-tree with another UAF expert.
The expert identified some important problems in the UAF concerning consistency
and structure, but also confirmed the efficacy of the new editing process that included
look-ahead fields.

We performed the following exploratory studies to better understand the usability data
management cycle:
• We studied existing processes for usability problem data analysis to determine what

was limiting returns on usability investments in the usability problem data collection
stage. We discovered that the problem reports that were generated during usability
problem data analysis were often insufficient.

• Once we knew that usability problem reports were insufficient, we needed to
understand why before we could improve them. Studies helped us determine that
because problem reports were ad hoc and incomplete, differences in time, place, and
people between usability problem data collection and redesign made it difficult for
developers to correctly interpret the reports.

• Our work had given us an understanding of the ad hoc, incomplete nature of problem
reports, but we still needed to find what information was necessary and how to
structure that information. We performed studies that revealed that it is critical to
capture immediate intention.

• Finally, we performed studies to determine how to capture immediate intention, and
discovered that it is necessary to elicit intention information from the user during
usability problem data collection.

We performed the following study to better understand the immediate intention
identification process:
• The results of the exploratory studies of intention prompted us to study the

effectiveness of the Wizard, a tool for identifying immediate intention. The study
helped us to understand key differences between stages in the Interaction Cycle and
develop questions that focused on those differences.

Theory and Understanding

The exploratory empirical studies helped us to better understand and develop theories for
the following:
• The user’s immediate intention is the kind of action that the user is doing or

attempting in terms of the stage within the Interaction Cycle that the user is operating
in when a problem occurs. We have developed a new usability data management
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process based on our working hypothesis that initial diagnosis is necessary to capture
immediate intention information.

• The process of diagnosis in the UAF involves associating a usability problem with a
path of nodes that completely describes the problem and its causes. We have changed
the way that we organize content in UAF nodes. In particular, we believe that cross
references should appear first to put a user back on the right path before they view the
contents of a node and that look-ahead fields increase consistency and guide users
down a path.

Design and Development

We implemented and evaluated the following fully functional prototypes:
• The UAF Viewer is a tool that allows practitioners to navigate the UAF and view the

content of individual nodes. The Viewer can be used for usability problem extraction
and diagnosis and usability inspection.

• The UAF Editor is a tool that allows practitioners to edit the structure and content of
the UAF. The Editor can be used for tuning the UAF or to extend it to new interaction
styles.

• The UAF PRT is a tool that allows practitioners to catalogue usability problem data in
the form of usability problem reports. The PRT allows practitioners to search and
review reports in a manner that facilitates the identification of patterns and
encourages reuse.

We developed a static prototype of the following:
• The UAF Wizard is a tool that facilitates the identification and reporting of

immediate intention. The Wizard is used to help new users of the UAF learn the
Interaction Cycle and help experienced users write better problem descriptions.

We performed the following initial work with LSA:
• We trained LSA on 537 articles from HCI journals and conferences.

2 Problem Statement
Many methods have been developed for usability evaluation, but few current processes
can effectively make use of the problem data collected during evaluation. Organizations
spend large sums of money on “A” (in Figure 1) buying usability equipment, building
laboratories, and training developers, but they are not receiving acceptable returns on
those investments downstream in “C” and “D”. The effects of the loss of necessary
information during analysis are particularly evident during design/redesign. With current
processes, the design/redesign and implementation process usually follows data gathering
after a delay in time, is often done by different people, and frequently occurs at a
different location. From extensive empirical investigation (Keenan, 1996), we know that
most usability problem reports produced by usability professionals are incomplete ad hoc
descriptions containing what was believed to be salient at the moment of capture.

Much of the critical knowledge is maintained in the mind of the problem collection
facilitator and never gets recorded at “B.” When usability problem communication relies
too heavily on human memory and word of mouth, developers at “C” can only try to
interpret and reconstruct the missing usability information. The primary reason for the
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losses is the lack of an appropriate infrastructure for usability problem data analysis that
ensures the capture and recording of necessary information; the existing infrastructures
do not have the following:

1. A theory-based conceptual framework that organizes usability knowledge
2. An appropriate process that enables extraction, diagnosis, and reporting
3. Tools that guide professional usability engineering practitioners through the process
4. Technology for semantic processing to aid extraction, diagnosis, and reporting

3 Goals
The overall goal of this work was to develop an infrastructure for usability problem data
analysis that enables effective usability problem data analysis – precise extraction,
consistent diagnosis, and complete reporting. We achieved this goal by:

1. Adapting a theory-based conceptual framework
2. Creating an appropriate analysis process that leverages the framework
3. Conceptually designing tools and creating, building, and evaluating prototypes of

those designs
4. Performing initial work in adopting and integrating technology for semantic analysis

4 Approach
We individually address our efforts to achieve the goals of adapting a conceptual
framework, creating a process for usability problem data analysis, designing tools, and
integrating technology for semantic analysis. These efforts helped us to create an
infrastructure for usability problem data analysis, which will extend in phase 2 by
integrating LSA technology (see section 7). The following subsections contain high-level
overviews; we develop each in detail in the Technical Discussion (section 6).

4.1 Framework
A conceptual framework is essential for organizing problem data and establishing a
common vocabulary for describing data. We chose the UAF, a structured knowledge base
of usability concepts and issues, as our conceptual framework. It is an emerging
technology, so we adapted it as we embedded it in our infrastructure.

Much of the work associated with integrating and adapting the framework involved
review and revise tuning of the UAF. The UAF is a tree structure, the nodes of which
represent usability concepts. The content of each node describes the usability problem
represented by the node as well as its relation to other nodes. Initial studies involving
usability problem diagnosis confirmed that the UAF needed further development to better
define the nodes and distinguish them from one another. We refined the content of
existing nodes, modified the structure of existing nodes, and supplemented the tree with
new nodes based on information from formative evaluations of usability engineering
student’s diagnoses, focused formative evaluations utilizing verbal protocol, and
walkthroughs performed by UAF experts.
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In addition to tuning the UAF itself, our approach to the framework involved developing
content to associate with nodes. The framework is an important part of our approach to
usability problem diagnosis because it provides an organizing structure for content. This
structure allows us to provide usability engineering professionals with critical
information when they diagnose problems. We have designed our tools to associate case
studies, literature, and information about guidelines with each node because such
information helps practitioners understand the problem and relate it to other similar
problems.

4.2 Usability Problem Data Analysis Process
We began by doing exploratory studies of current, existing processes for usability
problem data analysis. Work by Keenan (Keenan, 1996) revealed that very few processes
exist for problem analysis, and as a result, usability problem reports are ad hoc and
insufficient for purposes of redesign and implementation. Simply knowing that the
problem reports were insufficient, however, was not enough; we needed to understand
what the processes were lacking or doing incorrectly before we could develop a more
appropriate process. Our approach to determining this information was empirically
driven. We conducted a series of case studies with analyst subjects serving as usability
engineers performing usability problem data analysis. These studies revealed that
differences in time, place, and people between collection and redesign makes it difficult
for developers to understand the problems as they are documented in usability problem
reports.

To generate ideas for a more appropriate process that included our understanding of the
deficiencies with the current process, we took a broader perspective on diagnosis and
compared diagnosis in usability engineering with diagnosis in other fields. The typical
process in usability engineering, as shown in Figure 1, has separate sequential activities
for data collection and analysis. If medical doctors followed a similar process, they would
diagnose a patient by reading a nurse’s notes from a physical evaluation without ever
seeing the patient. Instead, however, medical doctors use an iterative hypothetico-
deductive process that ties data collection and analysis together closely; data collection
drives analysis, but partial analysis also guides data collection (Capra, Hartson et al.,
2002). Medical doctors use data to formulate potential diagnosis and determine what
further information is necessary to rule in or out potential diagnosis. They then ask
questions or perform tests to obtain the necessary information. The existing usability data
management cycle limits similar interactions between practitioners and participants
because the participants leave after usability data collection and before analysis.

Our experience with hundreds of real-world usability problem reports has shown that a
strict separation of analysis from data collection makes effective problem diagnosis
impossible. We believe that the best way to prevent information loss is to move part of
diagnosis to the collection stage. This early diagnosis captures the participant’s intention
when a critical incident occurs while the participant is still available for clarification
purposes. Although iteration between collection and early diagnosis can incur a higher
cost up front in terms of time and money, it limits costs later in the usability engineering
cycle. Early partial diagnosis enables effective analysis by making diagnosis possible.
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There is little point to limiting costs early in the data management cycle if it negates the
payoff of the whole cycle.

4.3 Tools
We have developed tools based on the UAF that guide practitioners through the usability
problem data analysis process. Figure 3 illustrates how the tools relate to the process.
Usability problem analyst (UP analyst) denotes the usability practitioner responsible for
usability problem data analysis. The UAF Editor allows the UAF developers to revise the
content and structure of the UAF, while the UAF Viewer allows usability problem
analysts to access the UAF. The Wizard helps analysts identify intention, and the UAF
Problem Reporting Tool (PRT) allows analysts to catalog usability problem reports.
Latent semantic analysis (LSA) technologies perform semantic analysis of usability
problem descriptions supplied by usability problem analysts to help prepare them for
cataloging in the UAF PRT.

Figure 3: How the tools relate to the process

4.3.1 UAF Viewer, UAF Editor, and UAF PRT
We have developed three major tools that leverage the UAF as a theoretical basis and
guide practitioners through the proposed problem analysis process: the UAF Viewer, the
UAF Editor, and the Usability Problem Reporting Tool (UAF PRT).
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• UAF Viewer – The UAF Viewer helps practitioners isolate individual usability
problems from critical incident data and categorize them in a complete and precise
manner that identifies the causes and provides solutions. Practitioners can navigate
through the UAF tree and view individual nodes. Each node has content such as
usability concepts and examples.

• UAF Editor – The UAF Editor allows practitioners to edit the structure and content of
the UAF. We have primarily used the UAF Editor for tuning the existing UAF by
review and revision, but practitioners can use it to extend the UAF to new interaction
styles and to adapt it for their own environment.

• UAF PRT – This tool facilitates usability data management for analysis and reporting
purposes. The tool helps practitioners catalog problem data in a manner that
facilitates the identification of patterns or process dependencies both within a
development effort and among multiple development efforts.

4.3.2 Wizard
The top-levels of the UAF represent the Interaction Cycle (see section 5.2.1). Our initial
case studies involving usability problem data analysis confirmed the importance of
choosing the correct (best match to the usability problem) top-level category, the stage in
the Interaction Cycle, as the first step in diagnosis. In fact, analyst subjects who did not
initially choose the correct top-level category rarely retraced their steps, thereby
producing incorrect diagnoses. We felt that getting a correct start by selecting the right
top-level category was so important that it was worth the effort to find effective ways to
achieve it. We had been trying to improve analyst performance by revising and enhancing
the top-level UAF category descriptions, but gains were limited. Evaluations of
prototypes of our tools involving verbal protocol, however, provided us with the critical
information that we needed to improve top-level diagnosis.

The evaluations helped us understand top-level diagnosis by allowing us to follow analyst
subjects’ thought processes while they tried to map usability problem descriptions to
stages in the Interaction Cycle. The analyst subjects generally understood what was
represented by the stages of the Interaction Cycle, but they had no process for comparing
them. We noticed that when we coached analyst subjects at making this top-level
diagnostic decision, it helped to break the multi-way decision down into a sequence of
dependent two-way decisions, allowing the subjects to focus on a single issue or question
at a time. Encouraged by initial success with our approach, we codified it into a sequence
of two-answer questions, for which the answer to each would prune the number of
choices remaining. The questions directly compared one stage with the other stages based
on the distinguishing attributes of that stage. We refer to the collective set of questions as
the Wizard. Through a process of elimination, the Wizard helps analyst subjects choose
the right top-level category beginning with the least likely stages of the Interaction Cycle
and continuing to the most likely stages. Initial testing indicated relatively fast top-level
diagnosis performance could result from the Wizard approach combined with more user
intention information.
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4.4 Technology for Semantic Analysis
Our proposed usability problem data analysis process moves parts of usability problem
diagnosis forward to the usability data collection stage. Early diagnosis requires that
practitioners who are collecting data be able quickly and consistently to perform high-
level diagnosis. Part of our approach to enabling early diagnosis involves the
development of tools that help practitioners determine if they have collected enough data
to identify intention. In addition, we also have the goal of automating parts of diagnosis.
Our approach involves investigating the possibility of having our tools automatically
select a diagnosis path in the UAF based on a problem description. For this task, as with
identifying intention, the tools will have to work at the semantic level.

We decided to use Latent Semantic Analysis (LSA) technology to provide our tools with
the necessary semantic processing capabilities. LSA is a technology that simulates human
understanding of words and text (Landauer, Foltz et al., 1998). LSA builds a semantic
space from a set of training texts and then uses that space to find semantic distances
between other texts. The process for constructing the space takes into account a variety of
factors such as co-occurrence of words and frequency of appearance to give LSA
capabilities beyond those of term-matching technologies for determining semantic
meaning. In this phase, we worked with Knowledge Analysis Technologies, Boulder,
CO, a commercial company specializing in LSA technology, to train LSA with HCI
literature that addresses user interaction with computer systems. The training is critical
for our work in phase 2 because the LSA space must be appropriately constructed before
we can apply it. We created an infrastructure in phase 1 that we will extend with LSA
technology in phase 2 (see section 7).

5 Background and Related Work
This section provides detailed information on work related to the usability data
management cycle, the UAF, and LSA. The related work provides the background
necessary for understanding the difficulty of the problem of creating an infrastructure for
usability problem data analysis. Existing work specifically addressing usability problem
data analysis is limited and specifies methods and techniques that are too general or
theoretical to be useful to practitioners. With our work, we want to provide usability
engineers with a practical infrastructure for usability problem data analysis. More
specifically, we want to enable precise extraction, consistent diagnosis, and complete
reporting.

5.1 Usability Data Management Cycle
The usability data management cycle occurs within the usability engineering
development process. We begin this section with a brief high-level discussion of usability
engineering to give some context to the usability data management cycle, but the majority
of the section is devoted to descriptions of the primary parts of the cycle.

5.1.1 Usability Engineering
Usability engineering is a process for improving the interaction design of interactive
software systems to increase user effectiveness, efficiency, and satisfaction. Usability
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engineering has its roots in human performance evaluation and design technique
development during World War II when machines became so complex that they were
difficult to operate safely (Butler, 1996). Since then, usability engineering has become an
essential part of modern software development efforts.

Although usability engineering is necessary, developing and maintaining a successful
usability engineering process requires much effort. First, the manager or team leader must
allocate sufficient budget and time. After the resources are in place, the project team must
be convinced to buy in to the effort and participate in the process (Aucella, 1997).
Developers may claim that the usability engineering process and the principles that it
incorporates are obvious or common sense. Early research, however, found that only a
small percentage of developers are even aware of the most common principles (Gould
and Lewis, 1985). Practitioners also have to expend effort to modify theories and
methods developed in academic circles for practical use. Oftentimes application of
research technologies encounters a scale that simply cannot be replicated in the
laboratory (Brooks, Ruven, 1990).

5.1.2 Overview of Usability Data Management Cycle
The usability data management cycle, which is depicted in Figure 4, is an important part
of the larger usability engineering development process. Our research work for this thesis
focuses on usability problem data analysis – extraction, diagnosis, and reporting.

Figure 4: Existing usability data management cycle

The usability data management cycle is modified as needed to fit different work contexts
and situations, but the overall cycle of analyze, design, build, and evaluate is fairly
consistent across documented usability engineering efforts (Butler, 1996; Gould and
Lewis, 1985). The usability data management cycle in Figure 4 consists of the following
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stages: usability data collection, usability problem extraction, usability problem
diagnosis, usability problem reporting, cost/importance analysis, and redesign. The stages
are repeated in an iterative fashion as allowed by budget and time constraints.

The usability engineering process is designed to identify and correct interaction design
flaws that lead to usability problems. In particular, a design flaw may lead to one or more
problems, and one or more problems may be fixed by correcting a design flaw.

5.1.3 Usability Data Collection
Usability data collection involves gathering critical incident data. Critical incidents may
be referred to by other names such as errors, but they are used to capture events that
occur while a participant is working and that have a significant effect on the task
performance or user satisfaction (Norman, 1983). In particular, critical incidents indicate
an interaction design flaw and form the basis for problem extraction and diagnosis.

Critical incidents can be gathered by one of four primary methods. The first method,
usability testing, involves monitoring participants while they use software. This type of
monitoring allows the facilitator to measure user task performance, observe behavior, and
assess user satisfaction (Allen and Buie, 2002). Usability testing is expensive, but it is
usually effective at identifying most of the usability problems.

The second method, usability inspection, is significantly less expensive than usability
testing, but does not yield results that include input from actual users. Usability
inspection involves evaluating an interface by examining and critiquing it. An example
usability inspection method is Nielsen’s discount usability engineering with heuristics
(Nielsen and Molich, 1990). Heuristic evaluations generally find a large number of
problems and have a reasonable learning curve, but they also have the weakness that they
may generate false positives. Another type of inspection method is cognitive
walkthroughs, which focus on the goals and knowledge of the user to detect possible
interaction design flaws (Polson, Lewis et al., 1992; Wharton, Bradford et al., 1992). The
cognitive walkthrough method has been traditionally the most difficult inspection method
to learn and does not provide much information on users’ physical actions and
assessment of their actions.  A third type of inspection method is guidelines that provide
general rules to which the interface being evaluated should conform (Mayhew, 1992;
Shneiderman, 1998).

Remote critical incident reporting, the third method, is performed by users of software in
their own work environments when they experience critical incidents while doing real
work-related tasks (Castillo, Hartson et al., 1998). Such an approach is certainly
inexpensive in terms of collecting critical incident data, but it may result in problem
descriptions with vague or misleading information on the user’s intention and overall
goal.

A fourth category of collection methods contains those that are automated. For example,
Hilbert and Redmiles discuss automatically capturing UI information such as the
frequency with which users perform a certain action (Hilbert and Redmiles, 2000).
Automated methods are not intended to be used alone, but instead to complement other
methods.
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5.1.4 Usability Problem Extraction
Critical incident descriptions are raw data, which must be processed to be usable. The
first step in usability problem data analysis processing is extracting usability problems. In
work in the field of software engineering, Ostrand defines problems generally as
situations that arise when an error has been committed (Ostrand and Weyuker, 1984).
Dealing with errors involves detecting them and then isolating them to determine the
precise nature of the faults that result from the error. The same concept is applicable to
the field of usability engineering; the error is a design flaw, and the problem is the effect
on the user. It is important to distinguish individual problems because one critical
incident may contain multiple problems, each of which map to different interaction
design flaws.

Previous work with problem extraction is limited. An example is Cockton and Lavery’s
framework for usability problem extraction called Structured Usability Problem
EXtraction (SUPEX) (Cockton and Lavery, 1999). A main goal of the framework is to
help developers reliably and consistently transform usability data into distinct usability
problems. The framework represents a good start for post-collection data management,
but does not address how to use the extracted problems to improve interaction design.

5.1.5 Usability Problem Diagnosis
Usability problem diagnosis is the next part of usability problem data analysis and is
performed on an individual problem to determine problem type, subtype, and causes. The
space for usability problems can be described as multidimensional, and diagnosis
involves navigating this space to select the dimensions, which best encompass the
problem.

The primary motivation for diagnosis is that it yields a clear, complete, and unambiguous
statement of the design flaw to be fixed. A secondary motivation for diagnosis is its role
in terms of normalizing problem descriptions for comparison and evaluation. There are
multiple usability evaluation methods for usability problem collection that may result in
problem descriptions of varying detail and quality. No one method has been proven most
effective, so different methods are used in different contexts. Muller, Dayton, and Root
discuss how documented comparisons of different usability evaluations disagree as to
which one is the most effective (Muller, Dayton et al., 1993). Gray and Salzman take a
different approach and discuss how different studies of evaluation methods may have
been flawed or inconclusive with respect to statistical, internal, construct, and external
validity (Gray and Salzman, 1998). In another study, Molich et al. submit an application
for review by four usability firms (Molich, Bevan et al., 1998). The number of problems
identified in the firms’ reports varied from 4 to 98 and there was no significant overlap in
problems identified. Because the input coming from the collection stage has the potential
to be quite varied, diagnosis is necessary to provide some basis for problem organization
and comparison.

The idea of usability problem diagnosis is not novel; several researchers have worked to
develop diagnosis methods for usability data. An early and highly recognized method is
Nielsen and Molich’s work with heuristics (Nielsen and Molich, 1990). Example
heuristics include use simple and natural dialogs, speak the user’s language, and provide
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feedback. Heuristics can be used for diagnosis in the sense that they provide a way for
identifying and grouping problems; the problem, however, is that they are at such a high-
level that they do little to identify specific solutions.

Design guidelines are in many ways similar to heuristics. Guidelines provide general
rules that are intended to help moderate a design effort. Mayhew and Schneiderman have
published textbooks in this area that integrate years of design experience and research
into simple principles (Mayhew, 1992; Shneiderman, 1998). The main issue with
guidelines is their necessarily overly general nature. In addition, it is often difficult to
determine exactly which guidelines apply to a given situation and which guidelines take
precedence over others. Thus diagnosis with guidelines is oftentimes dependent on the
experience of the practitioner or simply preference.

Other researchers have explored classification, an area related to diagnosis, in general
(Mack and Montaniz, 1994) or by source and location in dialogue (Brooks, P., 1994;
Nielsen, 1993).  Simple schemes are used for classifying problems by severity or
importance (Desurvire, 1994; Nielsen, 1993; Rubin, 1994), or based on type of user error
(Vora, 1995).  In general, however, these approaches to classification have been ad hoc,
incomplete, unstructured, and usually unhelpful for finding solutions to usability
problems in an interaction design.

As an additional note on diagnosis, previous research has compared diagnosis in usability
engineering with diagnosis in other disciplines. For example, Capra makes an interesting
comparison between usability problem diagnosis and medical diagnosis (Capra, Hartson
et al., 2002). In particular, both forms of diagnosis rely on expertise (i.e., skill and
experience) rather than just factual knowledge and require the ability to focus on relevant
information and discard irrelevant information. Work by Griffen, Schwartz, and
Sofronoff on implicit processes in medical diagnosis also has some interesting parallels
with diagnosis in usability engineering (Griffin, Schwartz et al., 1998). In particular,
diseases may have many signs or symptoms, only some of which are present for a given
instance of the disease. In much the same way, usability problems often manifest
themselves with users in different manners, and very different design flaws may have
similar manifestations. Usability engineering, however, has the advantage that there are
often opportunities to observe the cause (in the design) and effect (on the user)
relationship in fairly close proximity if practitioners are sensitive to it.

5.1.6 Reporting of Usability Problems
Also included in usability problem analysis is the reporting of problems. The results of
usability problem diagnosis must be reported in a way that is useful to developers who
are responsible for redesign and implementation. Lavery and Cockton describe problem
reports as representations of predicted usability problems in the case of inspection
methods or actual problems in the case of usability testing (Lavery and Cockton, 1997).
The key to problem reports is determining what to represent and how to represent it.
Lavery, Cockton, and Atkinson discuss structuring problem reports in an attempt to
standardize problem reports for comparing usability problem detection rates among
collection methods (Lavery, Cockton et al., 1997). They maintain that some early
attempts at developing a structure for usability problem reports did not include a clear
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definition of what constitutes a usability problem. For example, work by Jeffries reports
usability problems in terms of proposed solutions (Jeffries, 1994). Such an approach is
problematic because proposed solutions do not necessarily imply a cause and thus do not
always help to identify design flaws. Lavery, Cockton, and Atkinson give a definition of
what constitutes a usability problem and create a problem report structure that captures
causes and outcomes associated with a problem. The causes are responsible for the
breakdowns that the user experiences as outcomes. The rationale behind capturing both
causes and outcomes is that design changes that fix causes will avoid breakdowns and no
longer produce negative outcomes.

As part of this thesis, we will create a database of usability problem reports. Previous
work with databases includes that of Pernice and Butler who describe using databases to
compare charting features in Lotus 1-2-3 and Lotus Freelance Graphics (Pernice and
Butler, 1995). Lotus uses databases to hold lists of tasks for testing, contact information
and computer abilities of possible test participants, report templates, and problem reports.
Work by Scapin also describes the use of databases for usability data of a different nature
(Scapin, 1990). In particular, the author collected recommendations and guidelines from
human factors publications and organized them according to criteria such as consistency,
level in terms of abstract layered models, and type of interface object. Wilson and Coyne
provide an additional discussion of cataloging (Wilson and Coyne, 2001) by discussing
the merits of reporting usability problems in a corporate database that also contains
functional bugs. If the same database is used, the usability problems receive more
attention, but run the risk of being dismissed as less important than functional bugs.

5.1.7 Redesign and Cost/Importance Analysis
The reports must be made accessible, so that they can be used for redesign and for
improvement of the usability engineering process. Redesign is concerned with fixing
problems found in the current development effort and consists of cost/importance
analysis, design, and implementation, which are described in the following paragraphs.
Improving the usability engineering process, on the other hand, involves monitoring
problems among multiple development efforts and discovering trends and deficiencies by
querying and filtering of a collection of problem reports.

The next step consists of iteration between cost/importance analysis and design.
Cost/Importance analysis involves ordering usability problems based on their perceived
importance and cost to fix in terms of hours needed to implement a design change (Hix
and Hartson, 1993). Design involves determining appropriate fixes for the interaction
design flaws that caused the problems. Some amount of iteration is necessary because it
is important to identify both candidates for fixes and the cost of possible fixes. The end
result of this iterative step is a priority ranking of problems with their associated fixes and
a cutoff line that represents budget and time limitations.

The need for iteration in the usability data management cycle is particularly apparent in
the design phase. Style may be subjective, but good design is not. “Research shows no
relationship between users’ subjective ratings of a product and their objectively measured
performance in using it” (Allen and Buie, 2002). Iteration is necessary to incorporate and
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test design changes; methodical iteration can improve design and lead to an overall
increase in usability.

After appropriate design decisions have been made, they are implemented to produce a
new version of the software. Permitting budgetary and time limitations, the resulting
interaction design can be subjected to the usability engineering data management cycle
for as many iterations as necessary to obtain a sufficient level of quality.

5.2 UAF
The User Action Framework (UAF) is a theory-based conceptual framework of usability
concepts. The UAF was conceived of and developed by Hartson and represents an
extensive effort, which integrates existing work on usability problem identification and
diagnosis (Hartson, Andre et al., 1999). The UAF is the theoretical base for our work on
developing an infrastructure for usability problem data analysis.

This section provides an overview of the UAF and related work. We begin with an
introduction to the Interaction Cycle and an explanation of how it is used in the UAF,
followed by a discussion of Norman’s seven-stage theory of action model, the basis for
the Interaction Cycle, and other research that has incorporated it. We next describe
diagnosis using the UAF and previous research efforts involving diagnosis. Thereafter,
we discuss the results of evaluation of the UAF.

5.2.1 Interaction Cycle
The UAF is essentially a tree structure with each node representing a usability concept.
The sibling nodes directly under the root node are organized according to the Interaction
Cycle, an extension of Norman’s seven-stage theory of action model (Norman and
Draper, 1986). These nodes represent planning, translation, physical actions, outcome
and system functionality, and assessment and demonstrate the role of interaction design
in supporting the cognitive, physical, and sensory actions of computer users. The
following figure illustrates the Interaction Cycle:
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Figure 5: Interaction Cycle

Planning involves the cognitive processes of users as they decide what to do; it is
important that users have an understanding of the system model as well as their progress
towards the completion of a task. During planning, users work to understand their task
and potential approaches to successfully completing it. Users select an approach and
associate a goal with that approach, which they then use to formulate one or more
intentions that will determine their interaction with the interface.

During translation, users determine how to specify the actions that correspond to their
intentions. More specifically, users interact with design features that help or enable
thinking or knowing about an aspect of the interface. Norman refers to such features as
perceived affordances and Hartson refers to them as cognitive affordances (Hartson,
2003).

The physical action stage actually involves the user interacting with an interface object to
perform an action. Real affordances, in Norman’s terms, or physical affordances, in
Hartson’s terms, provide users with an idea of how to physically manipulate objects in
the interface. The physical action stage is concerned with both the efficiency of physical
manipulations and the user’s ability to perform them.

The outcome and system functionality stage deals strictly with issues internal to the
system and has nothing to do with issues about interaction design. This stage is included
in the Interaction Cycle to capture problems that indicate malfunctioning or missing
functional affordances (non-user-interface functionality).

Assessment, the final stage in the cycle, is where users determine, based on feedback
from the system, how effective their actions were in accomplishing a task. Sensory
affordances, Hartson’s term for design features that help a user see, hear, or feel the
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response from the system, play a large role in the user’s ability to determine if the system
has responded. The user’s cognitive facilities determine whether or not the response
corresponds to the desired outcome.

5.2.2 Norman’s Model
The basis for the Interaction Cycle is a model of action proposed by Norman for a
human’s interaction with any type of machine (Norman and Draper, 1986). The seven
stages of the model are organized according to one of three basic categories: execution,
physical activity, and evaluation. The execution category maps to planning and
translation in the Interaction Cycle, the physical activity category maps to physical
actions, and the evaluation category maps to assessment.

Because it is general enough to represent human interaction with a variety of machines in
a variety of contexts, Norman’s model lends itself to adaptation and extension. As a
result, other researchers have incorporated or leveraged Norman’s model for their own
work.

One example is Lim, Benbasat, and Todd’s work with Norman’s model as a basis for
determining why and in what context direct manipulation is superior to other types of
interfaces (Lim, Benbasat et al., 1996). During the research process, the authors use
action identification theory and the theory of automaticity to compare menu-based
interaction and direct manipulation in terms of time spent performing motor activities and
cognitive activities. The authors conclude that familiar tasks map to Norman’s idea of
goal composition while unfamiliar tasks are seen at the action specification level.

Rizzo, Marchigiani, and Andreadis describe a modification of the cognitive walkthrough
based on Norman’s model (Rizzo, Marchigiani et al., 1997). In particular, the authors
document a process that is tailored for the AVANTI project, an effort that required the
cooperation of design teams in different cities and the ability to make high-level design
decisions. The authors propose a modified version of Norman’s model that takes into
account goal shifts that result from realizations or the inability to perform an action. The
walkthrough was effective because it allowed the team members to communicate
problems clearly at a high level.

Kaur, Maiden, and Sutcliffe describe another application of Norman’s theory (Kaur,
Maiden et al., 1999). The authors develop a model of interaction for virtual
environments. Specifically, they modify Norman’s model to account for exploratory,
opportunistic, and reactive behaviors because many objects in virtual environments are
either not present or partially automated. The task action mode, the mode of interaction
based on Norman’s model, is combined with two other modes to better describe
interaction.

5.2.3 Diagnosis with the UAF
The UAF is designed to aid practitioners in diagnosing problems according to usability
concepts. Diagnosing problems allows practitioners to better document them,
communicate them, and spot trends and relationships among them. Diagnosis involves
associating a usability problem with the correct usability concept. Work by Springett,
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however, suggests that consistently making this association may be difficult because the
link between the surface characteristic of an error and the root cause are often difficult to
determine (Springett, 1998). As such, usability practitioners need a structure and process
that will help them to consistently determine the correct link and translate it into a
diagnosis. The UAF provides this structure and consistency.

The process of diagnosis in the UAF involves associating a usability problem with a path
of nodes that completely describes the problem and its causes. In more abstract terms, the
tree structure of the UAF represents the multidimensional space of problem data. A tree
structure allows a user to navigate the dimensions of the space, ultimately arriving at a
specific location within the space. Each level of the tree structure maps to a dimension,
and each node at a given level maps to an attribute or value within that dimension.
Selecting one of the nodes at a given level is equivalent to removing unnecessary
attributes, thereby filtering or pruning off sub-trees. Traversing the tree is equivalent to
selecting a path within a decision tree, where each node selection results in sub-tree
pruning, leading to the identification of a specific dimension and attribute that best
represent the problem and its causes.

Diagnosis with the UAF provides precision, reliability, and completeness. Once a
problem has been associated with a node, the path to that node contains all the
information needed to specifically identify the problem. Precision is ensured by the
standardized usability vocabulary used. Reliability is ensured because other problems that
have the same attributes will be placed in the same node, and completeness is also
ensured because only one path leads to a given node.

Diagnosis with the UAF is aided by the UAF’s tree structure. In addition to providing
completeness and precision, a tree is a natural way to organize usability problem data.
Existing techniques for understanding data include affinity diagrams, priority ranking,
and Pareto diagrams; such techniques require grouping data and have the ultimate goal of
organization (Nayak, Mrazek et al., 1995). Trees provide the same functionality, but do
so with a structure that can be reused in future development efforts.

A final note on diagnosis with the UAF is that the tree structure facilitates redesign by
organizing problems in a way that facilitates the identification of design changes. Nayak,
Mrazek, and Smith argue that techniques that are easy to translate to solutions increase
team acceptance (Nayak, Mrazek et al., 1995). By completely specifying a problem, the
tree allows developers to understand the specific causes of the problem and the changes
necessary to correct it. Through time, developers can associate generic solutions with
nodes and increase the speed of the correction process by reusing problem analysis effort.

5.2.4 Evaluation
The UAF has been evaluated in two major studies. The first study conducted by Andre et
al. tested the reliability of the UAF (Andre, Hartson et al., 2001). The second study by
Andre, Hartson, and Williges compared the usability problem inspector (UPI), an
inspection tool interface to the UAF, with heuristics and cognitive walkthroughs (Andre,
Hartson et al., 2002).
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The goal of the reliability study was to document the level of agreement among
professional usability engineering practitioners when the UAF was used as a diagnosis
structure. The results of diagnosis with the UAF were compared to results from an
evaluation based on Nielsen’s heuristics and to results from a study with the Usability
Problem Taxonomy (Keenan, 1996; Keenan, Hartson et al., 1999), an earlier diagnosis
structure that was helpful in the creation of the UAF.

In the study, 10 usability professionals with brief training on the UAF structure classified
20 usability problems using the UAF. The usability problem descriptions given to the
usability professionals were edited, so that they only contained one major usability
problem. The authors used the kappa statistic to measure reliability because it is
commonly used to measure agreement involving lists or taxonomies. A kappa value is
scaled for the range –1 to 1. A value of 0 indicates chance agreement and values greater
than 0 indicate stronger agreement. The authors showed measures of reliability at each
level in the UAF, within each major Interaction Cycle part (Planning, Physical Actions,
Assessment), and overall. The UAF showed very strong agreement for all measures. For
comparison with the Usability Problem Taxonomy and the heuristic evaluation, only the
UAF’s overall score was used. The UAF had a kappa value of .583, which was
significantly better than the heuristic evaluation’s score of .325. The UAF also improved
upon the Usability Problem Taxonomy’s score of .403.

The second study focused on comparing the following usability inspection methods: the
UPI, heuristics, and the cognitive walkthrough. The UAF serves as the theoretical base
for the UPI. Because there are no standard criteria for comparing usability evaluation
methods, the authors compared the methods in terms of thoroughness, validity, and
effectiveness, which are measurements derived from the work of Hartson, Andre, and
Williges. (Hartson, Andre et al., 2003). Thoroughness is the ratio of real usability
problems identified by the usability evaluation method over the base set of problems,
validity is the ratio of the base set of problems over the identified problems, and
effectiveness is the product of thoroughness and validity. The authors used an address
book application and developed a base set of problems by performing usability testing
with 20 participants. The authors assigned 30 usability practitioners one of the three
usability evaluation methods and recorded and analyzed the results.

The results of the study indicate that the UPI and the cognitive walkthrough have higher
levels of thoroughness, validity, and effectiveness than heuristics. Much of the effort in
the heuristic evaluations was directed towards the identification of problems that were not
in the base set yielding low validity measures. The UPI and the cognitive walkthrough
performed equally. The authors conclude that the UPI will perform better in the long term
because it provides more detailed problem information.

Although the UAF is reliable when used by professional usability engineering
practitioners, we have run informal studies that show that novice usability engineers who
are not familiar with the UAF cannot achieve acceptable levels of reliability. We theorize
that new users do not have the experience to fill in gaps in intention in the usability
problem reports. Our work with this thesis will improve new users’ performance and
subsequently strengthen advanced users’ performance.
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5.3 LSA
Landauer, Foltz, and Laham describe LSA as “a theory and method for extracting and
representing the contextual-usage meaning of words by statistical computations applied
to a large corpus of text” (Landauer, Foltz et al., 1998). There are two basic uses of LSA:
simulating human understanding of words and text and as a model of how knowledge is
acquired and used. For the purposes of this thesis, we are concerned only with the former
use.

We begin this section with a brief summary of the functioning of LSA. Thereafter, we
give an overview of research detailing the uses of LSA in terms of simulating human
understanding of words and text.

5.3.1 Functioning of LSA
Landauer, Foltz, and Laham give a general introduction to the functioning of LSA
(Landauer, Foltz et al., 1998). The LSA process begins with the creation of a matrix from
the target set of text. The rows of the matrix represent unique words found in the text
while the columns represent the smallest text unit such as a sentence or paragraph. After
the matrix has been constructed, a transformation is performed to weight the value in
each cell. The weighting function takes into account a word’s importance in the particular
passage and the degree to which the word relates to information in the domain of
discourse in general. The transformation greatly increases the accuracy of the process.
Singular value decomposition (SVD) is next applied to the matrix; thereafter, the number
of dimensions of the matrix is reduced to some optimal size. A text is represented by a
vector in this reduced space, and the cosine between two vectors serves as a measure of
semantic distance in the space.

Two aspects of LSA merit further description: the transformation and SVD. The
transformation consists of two steps. The first step is to take the log value of each cell.
The second step, computing the entropy value, consists of calculating the row’s entropy
value (p log p) and then dividing the cell’s value by the row’s entropy value. Dividing by
the row’s entropy value weights the frequency of occurrence of a word in a text unit by
its importance in a passage and inversely by the degree to which knowing that a word
occurs provides some indication of the passage. Work by Harmon discusses the
transformation process and provides details as to how it achieves the desired weighting
relationship among words in a text (Harmon, 1986).

SVD decomposes a matrix A into three matrices U, D, and V: A = UDVT. U and V have
orthogonal columns and VT represents V transposed. D is a diagonal matrix. The top k
columns are selected from U and VT during the reduction process based on the values in
the diagonal matrix D. The values in D are a measure of importance; k is selected such
that for integer values of n > 0, the value of D[k+n, k+n] is relatively insignificant. The
three matrices are multiplied after the top k columns have been selected to yield the
reduced space, A’ = UD’ VT, where D’ = D[k, k] (Dumais, Furnas et al., 1988).

The described process gives LSA certain properties or characteristics. One property from
which LSA derives its name is that it is able to establish deeper relations than simple
contiguity frequencies, co-occurrence counts, or correlations. LSA does not compare



22

words within a text unit. A word is associated with an entire text unit; LSA does not
count tuples of word occurrences. As such, LSA is able to relate words that never appear
together in the same text unit. Another property is that LSA does not rely on an
understanding of grammar or syntax; it does not process word order.

5.3.2 Simulating Human Understanding of Words and Text
Researchers have used LSA for a variety of purposes, some of which are particularly
important for our work. In this section, we discuss these relevant purposes and give
examples from the literature.

5.3.2.1 Synonymy and Polysemy
Synonymy is the diversity of words that humans use to describe the same concept or
object, and polysemy is the ability of a word to have more than one meaning. Synonymy
and polysemy represent research challenges because they are important in determining
meaning. For the purposes of this thesis, research on synonymy and polysemy involving
LSA can help us to compare nodes and paths, determine the best wording of nodes, and
automate the diagnosis process.

A major research area using LSA to help address synonymy and polysemy is information
retrieval. Ideally, users of retrieval systems want to be able to access information
according to meaning. However, term matching, the most common retrieval method, is
hampered by synonymy and polysemy. To compensate, information retrieval systems
have taken approaches such as restricting allowable vocabulary, augmenting query terms
with terms from a thesaurus, and constructing explicit models that reflect the semantics of
the domain (Dumais, Furnas et al., 1988).

Studies by Dumais et al. and Deerwester et al. describe comparisons of document
retrieval with LSA and with term matching (Deerwester, Dumais et al., 1990; Dumais,
Furnas et al., 1988). Dumais et al. found that document retrieval supported by LSA
outperforms keyword retrievals when the documents are not too similar. Deerwester et al.
compared document retrieval with LSA to term matching and other automated methods.
LSA did not perform significantly better than the automated methods, most likely
because the authors did not perform any preprocessing such as the log entropy method on
the original matrix. The authors did find that LSA handled synonymy well, but had
difficulty with polysemy.

Another study of synonymy and polysemy that is not directly related to information
retrieval demonstrates LSA’s ability to simulate human understanding of words.
Landauer, Foltz, and Laham describe a study in which LSA was trained on an
encyclopedia and then given a TOEFL language exam (Landauer, Foltz et al., 1998).
LSA scored 65%, which is average for foreign students applying for college in the United
States. Such a result demonstrates that LSA is able to semantically relate words and need
not rely on explicit word pairings.



23

5.3.2.2 Simulating subject matter knowledge
LSA’s ability to simulate subject matter knowledge can be used to determine the
coverage of the UAF. If an appropriate space is constructed from HCI literature, we will
be able to determine if the UAF covers that space or if we need to expand the UAF.

A study by Landuaer, Foltz, and Laham tests LSA’s ability to simulate a psychology
student’s knowledge (Landauer, Foltz et al., 1998). The authors trained LSA on the
psychology book being used by the students in an introductory psychology class and then
had LSA take the same exam as the students. LSA scored below the class average, but its
score was still high enough to pass the class.

Another study by Foltz, Britt, and Perfetti tested LSA’s ability to understand concepts
particular to a given subject (Foltz, Britt et al., 1996). More specifically, the authors
trained LSA on articles on the Panama Canal and then had it make judgments on the
relatedness of 120 pairs of concepts. The same literature and the same task were given to
a set of participants who were novices in the domain and a set who were experts. LSA’s
relatedness judgments correlated more with the experts’ judgments.

5.3.2.3 Determining sources
Much like simulating subject matter knowledge, the ability to determine the source of a
piece of information can help us to improve the UAF’s coverage of essential usability
concepts. Work by Foltz, Britt, and Perfetti studied the composition of essays by students
(Foltz, Britt et al., 1994). Students read essays on the Panama Canal and were asked to
write an essay demonstrating what they had learned. The authors decomposed the essays
into propositions and then linked those propositions using LSA to their likely source.
Two raters who were experts in terms of the source documents and the domain also
linked the propositions to their likely source. The raters had a 63% agreement between
them and a 56% and 49% agreement with LSA, showing that LSA was reasonably
accurate at determining the source of information.

5.3.2.4 Categorization
LSA has also been used in categorization research. Categorization ability is useful in the
scope of this thesis because it can help us automate the process of diagnosis. It can also
give us the ability to check problem reports as they are being created to determine if they
have enough information about intention to be mapped to a path in the UAF.

A study by Dumais and Nielsen addressed the issue of automatically assigning papers to
reviewers (Dumais and Nielsen, 1992). The process involved matching up area of
expertise statements submitted by researchers with abstracts for submitted conference
papers. The authors created different LSA spaces from the following datasets: the
abstracts of submitted papers, journal paper databases, and domain textbooks. The best
spaces produced results that were noticeably poorer than manual paper distribution. The
variability among spaces was smaller than expected; the worst space constructed only
from Schneiderman and Kearsley’s book Hypertext Hands-on! An introduction to a new
way of organizing and accessing information produced a result of 4.9 relevant articles in
the top 10 returned articles while the best space constructed from a combination of
datasets produced a result of 6.5 relevant articles.
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Soto describes a study that had somewhat of the opposite goal from Dumais and
Nielsen’s study (Soto, 1999). While Dumais and Nielsen were concerned with
associating papers with categories that were predefined by the abilities of the reviewers,
Soto attempted to create categories for interface labels that describe the enclosed task
descriptions. In particular, the study used LSA to develop a range of labels that described
a task.

5.3.2.5 Measuring coherence
Measures of coherence are important in helping us understand how well or poorly the
nodes of the UAF are worded. The better the coherence of the node, the more direct the
process of diagnosis is for the UAF’s users.

Research by Foltz, Kintsch, and Landuaer re-analyzed two earlier studies of the role of
text coherence in reader’ comprehension (Foltz, Kintsch et al., 1998). Both studies
determined that increases in coherence lead to increases in user understanding and recall
rate. In both studies, LSA measured coherence by treating each sentence as a text unit
and then comparing the cosine of the vector of one sentence with that of the following
sentence; a general measure for the entire document was obtained by averaging all the
values of the pairs. The authors of the first study varied the amount of sentence-to-
sentence repetition of key content words in one document to create four forms of the
document with increasing coherence. LSA’s measures of coherence were significantly
correlated with the original authors’ coherence measures. The authors of the second study
manipulated the original text in more subtle ways by substituting words and phrases of
related meaning. Once again, LSA predicted coherence levels consistent with the author’s
modifications to the text. Because the word overlap was similar for all coherence levels
of the document, Foltz, Kintsch, and Landuaer concluded that LSA was able to interpret
an improvement in coherence that was due to an improved flow of semantic content.

6 Technical Discussion
6.1 Review and Revise Tuning of the UAF and Evaluation
We have been editing the UAF in a review and revise manner since September of 2003.
Our editing has led to three releases of the UAF; version 3.2 was released on October 23,
2003, version 3.3 was released on November 14, 2003, and version 3.4 was released on
April 5, 2004.

We began by editing the UAF based on general feedback from previous work. Thereafter,
we performed a review after each round of revisions to assist us in assessing the clarity
and effectiveness of our changes. The reviews took the form of formative studies and
walkthroughs.

6.1.1 Formative Study to Assess Diagnosis with the UAF
We conducted a formative study (heretofore referred to as the diagnosis study) during
November and December of 2003 that had two parts. The first part focused on the
performance of analyst subjects who were new users of the UAF diagnosing problems
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with the UAF, and the second part utilized verbal protocol to help us better understand
the diagnosis process by analyst subjects who were intermediate users of the UAF.

6.1.1.1 Performance of analyst subjects who were new users of the UAF
The first part of the formative study was intended to get an indication of how well analyst
subjects who were new users of the UAF could use it to diagnose usability problems and
what we could do to improve the accuracy of diagnoses. The study involved 25 graduate
usability engineering students who were new users of the UAF. The students used the
UAF to diagnose problems contained in 20 usability problem descriptions. The students
had two weeks to complete the diagnoses and did it in a time and place of their choosing.

We gave each student a unique username and password pair for the UAF Problem
Reporting Tool (PRT) and told them to use it to report their answers. We entered the 20
problem reports in the PRT as exercise originals. Each exercise original contained a
problem description, an expert diagnosis path within the UAF, and a description of the
top-level choice. The expert diagnosis path was not visible to students until they had
already selected their own diagnosis path and submitted it. Students used the PRT to
create their own instances of the exercise originals for submission. When a student
created her own instance of an exercise original, she would be presented with a form that
contained the problem description and empty text boxes for the diagnosis and explanation
of top-level category. The student would then use the UAF Viewer to find the most
appropriate path through the UAF for the problem description and paste that path into the
form. The student would also provide information as to why she chose the top-level
category in the path. The student could revise each diagnosis as much as she liked until
she confirmed it. Upon confirmation, the system would present the student with both her
diagnosis and the expert’s diagnosis from the exercise original. The student then had the
opportunity to compare the diagnoses and submit an explanation of the differences.

We compared the students’ diagnoses to the expert’s diagnoses to determine how similar
they were. At the time of the study, the top three levels of the UAF were relatively stable,
but the lower levels were still being refined. As a result, we considered the students’
diagnoses to match the experts’ if they had the same top three levels. Also, even though
we used problem reports from professional usability engineering labs, some of the
problem descriptions were not clear about the problem or contained more than one
problem. We gave credit for a match if students described how flaws in the problem
description led to a misdiagnosis or if they diagnosed one of the other problems contained
in the description that we had not diagnosed. The students received a point for each
match, so the best possible score would have been a 20. The scores for the students
ranged from 10 to 19, with an average of 15.

The scores suggested that new users were able to quickly learn the Interaction Cycle
because they were able to identify the correct paths at the higher levels of the tree. The
scores also confirmed that the top levels of the tree are relatively stable. The poor
accuracy of the students at levels below the top three, however, indicated that we needed
to further improve the UAF to achieve acceptable levels of accuracy.

One important improvement was understanding and incorporating appropriate inter-
category distinguishers. A distinguisher between two UAF Nodes, X and Y, is a set of
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words that best captures the essential difference between the semantics of X and the
semantics of Y. New users were the target audience because they would benefit most
from clearly distinguishable choices at each level of the UAF. The comments of the
students suggested that they often encountered situations where they had to choose
between two nodes at a given level. This pairing process helped them to identify key
concepts and make decisions based on the differences between those concepts. If the right
words were present, the decision would be much easier.

The study revealed a number of key paths that were difficult for analyst subjects in terms
of distinguishing among concepts. We refined the content of the nodes in these paths by
adding words and phrases to help UAF users choose among them. For example, the most
frequently encountered problem was the difference between the “Translation” and
“Physical Actions” nodes. New users had difficulty distinguishing between problems
with determining what actions to make and actually making those actions. We corrected
the problem by emphasizing the terms knowing, understanding, and meaning in the
description for the “Translation” node. Another example problem area was distinguishing
between the concepts of false cognitive and physical affordances. The solution was to
define cognitive affordances in terms of helping computer users choose the right user
interface object and physical affordances in terms of showing computer users how to
manipulate a user interface object.

6.1.1.2 Diagnosis process of analyst subjects who were intermediate users of
the UAF

The second part of the formative study used verbal protocol taken from 6 usability
engineering graduate students to help us better understand the diagnosis process. These
students were intermediate users of the UAF and had already participated in the first part
of the study and had a training session.

We worked with each student for two hours. During a session, a student used the PRT to
classify usability problems in the same manner as in the first part of the study. Via verbal
protocol, we asked the students to talk us through the node decision process and tell us
when they felt that they were confused. The study revealed interesting information about
the type and order of information in a node.

At the time of the study, a node’s content consisted of a short description, a long
description, and cross references. The description fields included examples that could be
specific to the node itself or refer to one of the node’s descendants. The students’
comments revealed several ways in which node content was ineffective. First, none of the
students read any of the long descriptions. In fact, the students often read only the first
sentence of the short description. As a result, we decided to exclude the long description
and make the most important of its content bullets under the short description. Second,
when students read the entire short description, they did so to try to find examples. To
highlight the examples, we decided that it would be beneficial to have a separate
examples field that followed the short description and bullets. Third, the students did not
use the cross references because they were located at the bottom of the screen and were
often scrolled out of view. One of the students was not even aware that there were cross
references. We moved the cross references, so that they are first in the node, where they
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can more appropriately serve their function of ruling out (or in) alternate choices before
proceeding on the current path.

6.1.2 Walkthrough to Confirm New UAF Editing Process
Towards the end of phase 1, Knowledge Analysis Technologies gave us access to an
early prototype of a tool for diagnosing problem descriptions. The tool is based on the
LSA space constructed from HCI articles, especially usability engineering, that we
selected for training purposes. The tool accepts queries in the form of problem
descriptions or problem keywords and returns paths in the UAF that are potential
diagnoses of the problem.

Our initial work with this tool and the results of the second part of the diagnosis study
have confirmed the need for more consistent and precise wording in the UAF. We have
addressed this need by making major changes to the UAF editing tool, so that it enforces
a more consistent editing process. The tool now uses a series of look-ahead fields to
propagate information up the tree from the branches to the root. The look-ahead fields
reduce the need to repeat information in nodes and make the content associated with a
node more consistent. The look-ahead field is displayed in the parent node that is two
levels higher in the tree. Look-ahead fields are used conservatively, so that nodes in the
upper levels of the tree do not become overfilled with information for nodes lower in the
tree. Each node has look-ahead bullets and examples. A similar approach is used for cross
references; the content of cross references is placed in target nodes, so that all references
to the same node have the same content. See section 7.2 for a more thorough description
of the contents of nodes.

As of this writing, we have completely updated the Planning category of the UAF with
the new editor. As a result, the nodes in the branch have been streamlined and are more
distinguishable from their siblings and more related to their parents and children. To
verify our efforts, we performed a walkthrough of the planning branch with another UAF
expert. The expert identified some important problems in the UAF concerning
consistency and structure, but also confirmed the efficacy of the new editing process.

The expert pointed out an important inconsistency concerning redirecting UAF users. We
had been using dummy nodes in certain places to redirect users to the appropriate stage of
the interaction cycle for their problem. The expert noted that having two very different
mechanisms, dummy nodes and cross references, which served the same purpose of
redirecting users was confusing. We corrected this inconsistency by altering the editing
process, so that we removed dummy nodes and treated their contents as cross references.

The expert also noted three structural problems. First, the node titled “Supporting
planning for error avoidance” had only one child node titled “Avoid potential post-
completion errors.” We removed the child and made its contents an example for the
parent. The second problem was that two nodes, “Supporting learning through use,
exploration” and “Help users learning – forming correct conceptions, beliefs, and
expectations,” had essentially the same content. We corrected the problem by removing
the latter of the two nodes because it was more deeply nested. The third problem was that
we had combined nodes that address task sequencing and goal decomposition as children
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of the “Goal decomposition” node. We corrected the problem by creating a new node
“Task/step structuring, sequencing” that was a sibling of “Goal decomposition.”

The editor with look-ahead support will allow us to efficiently update the remaining
branches of the tree. This refinement of UAF content has proven to be very labor
intensive, but it continues apace.

6.2 A Usability Problem Data Analysis Process for Capturing
Intention

An important goal of usability problem data analysis is to determine the true nature of
problems, which are ultimately dependent upon the immediate intentions that users have
when they encounter design flaws. For our purposes, we define the user’s immediate
intention to be the kind of action that the user is doing or attempting in terms of the stage
within the Interaction Cycle (see section 5.2.1) that the user is operating in when a
problem occurs.  For example, if a user is having trouble understanding an error message,
the intention is associated with the Assessment stage of the Interaction Cycle. In other
words, the immediate intention of the user at the time that the problem occurred is to
assess the outcome of an action in terms of whether it was successful in moving towards
a goal formed in the Planning stage. On the other hand, if a user understands that an error
occurred and why it occurred, but is having trouble determining how to recover from it,
the intention is associated with the Translation stage of the Interaction Cycle. That is, the
user’s immediate intention at the time of problem occurrence is to determine what action
to make on what user interface object to translate the plan to recover from the error into
an action specification.

We studied usability problem descriptions taken from professional usability labs and
discovered that most did not contain clear descriptions of user intention. For example, the
following problem description does not connect the stated design flaw to the user by
including information about immediate intention: “The tabs at the top of every page [of a
digital library website] are ordered so that information-seeking tasks are mixed with other
interaction tasks.” If the user’s intention is to understand the site and determine what it
can be used for, the user is in the Planning stage of the Interaction Cycle when the
problem occurred, and the tab ordering problem is a planning problem. In contrast, if the
user has already planned for the task and is simply trying to determine which tab to click
on, the user and the tab ordering problem are in the Translation stage. The difference in
intention results in two very different diagnoses with potentially two different solutions.
Reordering the tabs may be sufficient to solve a problem in the Translation stage because
the user has already formulated a goal and developed a high-level task sequence to
accomplish that goal. An error in the Planning stage, however, may require additional
organization of the tabs, possibly into groups labeled by high-level task and work flow
categories.
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Figure 6: Existing data management cycle (slight adaptation of Figure 4)

The lack of intention in the problem descriptions from professional usability labs caused
us to question whether it was possible with existing processes (e.g. Figure 6) to include
such information in problem descriptions. Clearly, we could not expect this kind of
information to appear in ad hoc usability problem reports. We concluded that is necessary
to move some of the analysis and diagnosis work forward to the usability problem
collection stage to reduce the data loss that occurs in the current process. The part to be
moved forward would have to be the minimum amount of analysis to determine and
document users’ intentions. We believe that this is a crucial conclusion, and it has
reshaped our thinking about how usability problem data analysis should be performed
within the overall usability data management life cycle. Figure 7 shows how the usability
data management cycle can be adapted to accommodate moving some usability problem
analysis earlier in the cycle.

In the existing cycle in Figure 6, the typical failure to capture user intention information
during usability testing or immediately thereafter, often stands in the way of successful
analysis – extraction, diagnosis, and reporting.  Because the user participant who helped
with usability testing is now gone and because the person who is analyzing the data may
be different than the person who conducted the usability testing, it is not always possible
to recapture the necessary intention information.
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Figure 7: Proposed usability data management cycle

The proposed usability engineering process in Figure 7 features rapid, local iteration
between usability data collection and initial analysis, so that the usability testing
facilitator can work with the subject to clearly identify and record intention for usability
problem extraction and initial diagnosis. Having captured the necessary intention
information, the practitioner can complete problem diagnosis and reporting after the
testing subject is gone.

Figure 8 illustrates the changes to usability problem data analysis that would result from
performing initial diagnosis in an iterative fashion with data collection. The key
difference is that problem extraction and high-level diagnosis are performed while the
user participant is present.
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Figure 8: How analysis is divided in the proposed process

The key to limiting the added time necessary while the user participant is still present
and, correspondingly to limiting the added cost of the proposed change, is increasing the
speed of initial diagnosis. From early indications, we believe that the Wizard will provide
some measure of speed and a great deal of accuracy, but LSA will most likely provide
largest increase in speed by automating some of the diagnosis process. In phase 2, we
will determine how much of the diagnosis process we can automate and what level of
speed we can achieve (see section 7). In sum, it is our working hypothesis that the
proposed process will require a greater initial investment in terms of time, but it will save
much effort in later steps of the usability engineering process.

6.3 Tools and Evaluation
Previous tools have leveraged the UAF as a conceptual framework. We used these tools
as a source for ideas, but we have created our own generation of tools. Colaso created a
tool for usability inspection that helped practitioners identify potential problems in an
interaction design by asking questions based on concepts in the UAF (Colaso, Hartson et
al., 2003). In addition, Virginia Tech computer science students have created prototypes
of the following tools during independent studies: Ideal, a tool for collecting usability
problem data; the Usability Problem Database, a tool for organizing usability problem
reports; and the UAF Explorer, a tool for viewing the content of nodes.

We have designed and prototyped three major tools that leverage the UAF as a theoretical
framework and guide practitioners through usability problem data analysis: the UAF
Viewer, the UAF Editor, and the Usability Problem Reporting Tool (UAF PRT). The
tools are written in Active Server Pages (ASP) and linked to Access databases; they are
web accessible. In this section, we provide screenshots, descriptions, and evaluations of
each of the tools.
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6.3.1 UAF Viewer
The UAF Viewer allows practitioners to navigate the tree structure of the UAF. In this
section, we describe the Viewer, its evaluation and redesign, and two of its applications.

6.3.1.1 Description
Figure 9 – Figure 11 are screenshots of the viewer. All the screenshots are of the
Planning node, but each contains a different section of content that is displayed as the
right-hand frame is scrolled.

Figure 9: UAF Viewer (1)

Figure 9 shows the two major parts of the Viewer: the tree view and the node detail view.
The tree view allows practitioners to work with the UAF at a higher level. The tool bar in
the upper left corner contains options that apply to the entire UAF. The home option
returns the user to the Viewer welcome screen, which briefly describes the tool and the
content associated with nodes. The search keywords option allows a practitioner to locate
nodes associated with keywords. Although we plan to supply the UAF with a few
baseline keywords, the Viewer allows practitioners to add keywords of their choice to
any node. For example, a practitioner may add the keyword “wording” to the Translation
node if she discovers that many of the problems that she identifies during usability testing
deal with the wording of labels, buttons, or dialogs as they affect a participant’s ability to
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determine how to perform an action. Glossary, the next option in the toolbar, contains
definitions for frequently used terms, such as user interface object or affordance. Terms
in the glossary appear as hyperlinks in node content, so that practitioners can quickly link
to the definitions. The version option contains information about the current version of
the UAF and how it differs from previous versions.

The navigation tree on the left-hand side allows practitioners who are familiar with the
UAF to quickly traverse it. Practitioners that are not familiar with the UAF can traverse
the tree using the node detail view. The tree is modeled after the Windows Explorer tree
view and uses minus signs for expanded nodes, plus signs for expanding nodes with
children, and empty boxes for terminal nodes. Selecting the hyperlink for a node in the
navigation tree will display the content of that node in the node detail view. Selecting the
box to the left of the hyperlink will perform the appropriate action on the navigation tree,
such as expanding a node with a plus, without refreshing the node detail view.

The screenshot shows what is displayed in the node detail view when a practitioner first
selects a node. The current diagnosis path uses a horizontal tree similar to the navigation
tree to show the practitioner’s current position. Directly underneath the current diagnosis
path is a list of the nodes on the current path delimited with vertical bars. This
representation of the path exists, so that practitioners can quickly copy a path and paste it
into a problem report in the PRT. Future versions of the tool will integrate the Viewer
and the PRT, so that the list is no longer necessary.

The node’s name is displayed under the current diagnosis path followed by cross
references. Not all nodes have cross references. We decided to show the cross references
before actual node content because we wanted to immediately redirect practitioners who
had incorrectly arrived at a node. Each cross reference contains two pieces of
information: the high-level cross reference description of the target node and the
rationale. The high-level cross reference description is pulled from the target node for
consistency; because each node is cross referenced with the same text, practitioners can
quickly identify key nodes and what distinguishes one from another. The rationale is
specific to the cross reference and tells the practitioner why the target node may better
describe the usability problem. The rationale is hidden and must be displayed with the
view rationale button to limit the amount of information that a practitioner must initially
process.
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Figure 10: UAF Viewer (2)

Figure 10 shows the node detail view after it has been scrolled. The node description and
examples are displayed under the cross references. The node description consists of a
brief overview that describes the node at a high level and bullets that contain more
detailed descriptions. One of the bullets may be designated as a look-ahead description
bullet that is displayed in the subcategory listing of the parent node. The look-ahead
description bullet helps to guide practitioners down a particular path to a node. Future
versions of the tool will have links to specific paragraphs of HCI literature selected by
LSA that describe the usability concept associated with the node. The examples are
problems that would be classified in the node. Like description bullets, an example may
be classified as a look-ahead example. Future versions of the tool will provide examples
by linking to problems that have already been diagnosed and are stored in the PRT. The
keywords section shows which keywords have already been associated with the node and
provides the option to create and associate new keywords. As discussed, keywords are
the only searchable part of the tree. Because the UAF is not a taxonomy, the same
usability concept may appear in multiple places. The meaning of the concept in terms of a
usability problem is based on the entire path. As a result, it is not logical to allow
practitioners to search node descriptions and examples to go directly to a node for
diagnosis without following a path.



35

Figure 11: UAF Viewer (3)

Figure 11 shows the node detail view after it has been further scrolled. The subcategories
follow the node description and examples. Subcategories are children of the active node.
Each child is displayed with the high-level description and description bullets, including
any look-ahead description bullets from its children. We do not include examples
associated with the children to minimize display space. Each child’s name is a hyperlink
that displays it in the node detail view.

6.3.1.2 Evaluation and Redesign
The original design of the Viewer displayed a node short description, long description,
and cross references. The short description mixed descriptive content, examples, and
look-ahead fields. The look-ahead fields could refer to nodes any number of levels deeper
in the tree. Practitioners had to click a button to access the long description, similar to
how the view rationale button currently functions. The diagnosis study revealed that this
initial design was not effective. The analyst subjects never read the long description and
rarely reached the cross references because they were displayed at the bottom. Also,
analyst subjects often focused on a look-ahead description or example that referred to a
node several levels deeper in the tree, but were unable to find the node because of the
lack of continuation of the look-ahead.

6.3.1.3 Applications
We designed the Viewer to be flexible enough to be used both for diagnosis of problems
collected during usability testing and for usability inspection. For diagnosis, it helps
practitioners distinguish between usability concepts and guides them to a node that best
describes their problem. This node contains enough information to relay to designers the
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cause of the problem and potential design solutions. For inspection, the Viewer presents
the UAF as a number of usability concepts that might be applicable to the system being
evaluated. The practitioners can skip nodes that are not applicable, thereby pruning
usability concepts.

6.3.2 UAF Editor
The UAF Editor allows practitioners to edit the structure and content of the UAF. The
Editor is intended to be a tool for trained, experienced UAF users and therefore places the
most emphasis on efficiency. We describe the Editor with the help of a series of
screenshots, discuss the evaluation and redesign cycle, and give applications of the tool.

6.3.2.1 Description
Figure 12 and Figure 13 are screenshots of the Planning node in the Editor, the same
node as in the Viewer screenshots. The tool is similar in some respects to the Viewer, but
it represents a different way of thinking about node content. A practitioner using the
Viewer is trying to locate a node that best describes a usability problem, while a
practitioner using the Editor is trying to develop or update node content.

Figure 12: UAF Editor (1)

Figure 12 shows the tree and node detail views for the Editor. The top left corner of the
tree view is a tool bar that has options that apply to the entire tree. The search option
allows a practitioner to search the content of the nodes. The Viewer limits searching to
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keywords because of the nature of diagnosis with the UAF, but the Editor allows
searching of all content associated with nodes to help in quickly locating a specific node.
The editing guide allows the practitioner to keep notes on the editing process to promote
consistency. For example, the practitioner may use this feature to create an informal style
guide. The glossary option allows the practitioner to edit the glossary, and the version
link allows the practitioner to record major changes and differences with previous
versions of the UAF. Finally, the “Go to node with ID” field allows a practitioner to type
in a node’s identification number to quickly load that node in the node detail view. The
nodes’ numbers are listed beside their names in the navigation tree as well as in the node
detail view.

The navigation tree is similar to the one in the Viewer, except that the Editor also
contains nodes that have been removed from the tree; “Removed Nodes” appears as a
sibling of the “User Action Framework” node. While editing, a practitioner may want to
remove a node from the UAF without deleting that node. The node remains as a child of
“Removed Nodes” until it is deleted. Removed nodes may be put back in the tree by
specifying a parent other than “Removed Nodes.” The content of a removed node also
remains, so that it can be copied into other existing nodes or newly created nodes. When
a node is removed, the Editor automatically takes care of cross references that would
become unattached by the removal of the node.

The node detail view is organized differently from the Viewer. The Editor begins with
fields that compromise the majority of the node’s content including a general description,
short descriptive bullets, examples, and look-ahead fields. This information is associated
with a node to promote consistency. The practitioner only needs to edit the content for a
node in one place, and then the Viewer takes care of details such as displaying look-
ahead fields in the correct locations in the tree.
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Figure 13: UAF Editor (2)

Figure 13 shows the node detail view after it has been scrolled past the node content. The
next section shows the parent node. The practitioner can move the node anywhere in the
tree by specifying a new parent. The editor automatically handles updating the tree
structure to account for the move. Underneath the parent section is the children section. A
practitioner may add new children or reorder existing children. The last section contains
cross references. The practitioner may add or remove cross references, reorder cross
references, or edit the rationale for cross references.

6.3.2.2 Evaluation and Redesign
Unlike the Viewer, which went through one longer evaluation and redesign cycle, the
Editor has gone through several shorter cycles. The earliest versions of the Editor had
basic capabilities for editing short and long descriptions and cross references. The results
of the diagnosis study led us to reevaluate the structure of content in the UAF, and we
updated the Editor to match that structure by breaking up the content into description,
description bullet, example, and look-ahead fields. Thereafter, discussions with experts
and studies utilizing verbal protocol helped us realize the need for a search over all fields
including cross references, an editing guide, a glossary, and a way to locate nodes by
node number. Finally, a second evaluation with experts led to small changes such as
moving the editing link to the top of a section to better support task flow and
automatically handling dangling cross references after node removal.
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6.3.2.3 Applications
The Editor has primarily been used to perform review and revise tuning of the existing
UAF, but practitioners can use it to extend the UAF to new interaction styles. Because
the UAF is user-centered and not built around a particular design space, it can be
modified to include other interaction styles. For example, the UAF may be extended to
work with handheld devices such as PDAs, for which certain usability concepts have
different meanings or importance as compared to desktop environments.

6.3.3 UAF PRT
The UAF PRT is intended to facilitate usability data management for analysis and
reporting purposes. The tool helps practitioners catalog problem data in a manner that
facilitates the identification of patterns or process dependencies both within a
development effort and among multiple development efforts. The primary object in the
PRT is the problem report, which contains a description of the problem, diagnosis
information, and other supporting information such as designer knowledge. In this
section, we describe the most important features of the tool and discuss how studies have
influenced its development. We conclude with a brief discussion of plans to extend the
PRT to better support problem collection.

6.3.3.1 Description
Figure 14 – Figure 16 illustrate three important features of the PRT: browsing existing
reports, searching existing reports, and adding a new report. The navigation bar at the top
of the screen is available on all pages, and the option for the currently selected page is not
an active link. Each problem has a unique identification number and may be quickly
loaded with the go to problem # field. The links for student exercises and additional
participation credit were added when we modified the PRT to help support the teaching
of usability problem diagnosis in graduate level classes. The actual details of these
teaching features are outside the scope of this thesis.
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Figure 14: UAF PRT (1)

Figure 14 is a screenshot of browsing for a problem. Browsing displays the name and
essence of all problem reports in the database. The essence is a short description of the
problem that contains just enough information to highlight the problem. A practitioner
can select multiple problems and generate a summary report of them or delete them. A
practitioner can also view a detailed version of an individual problem report by selecting
the report’s name. In the detail view, the practitioner has the option of editing the report.
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Figure 15: UAF PRT (2)

Figure 15 is a screenshot of the search interface. Because we created the PRT to help
support practitioners in the management and analysis of problem data, an efficient and
thorough search mechanism was critical. The search is organized, so that the most
commonly searched fields are checkboxes. For example, the top level categories group of
checkboxes allows a practitioner to rapidly search by stages in the Interaction Cycle. In
addition to the checkbox groups, the search interface has a general purpose keyword
search, which searches all fields in problem reports. The search interface returns results
in a form that is similar to the browse view in Figure 14. After a search has been
performed, a practitioner can quickly get back to the results by selecting the “Browse
most recent search results” option in the navigation bar.
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Figure 16: UAF PRT (3)

The screenshot in Figure 16 shows the interface for adding a new problem report. The
form has three basic sections: administrative, description, and diagnosis. The
administrative section records general information such as the name of the practitioner
making the report, the date on which it was reported, the name of the system in which the
problem occurred, and who has reviewed the report. The description section contains
descriptions of the problem and screenshots or screen action videos. Finally, the
diagnosis section contains the actual diagnosis in terms of a path through the UAF and
other information such as possible missing usability concepts in the UAF or a lack of
specification in the problem description.

6.3.3.2 Evaluation and Redesign
Our early work with diagnosis helped us to realize that the problem reports that came out
of industry were inadequate. We hypothesized that they did not include enough
information and decided to put fields into the PRT to capture more information. The
following fields were included in the original PRT problem report in addition to the fields
listed in Table 1: 

• Areas for special consideration
• If there are special considerations, please describe them
• Comments on problem type, cause(s), usability principles involved
• Top level category
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• Justification for the top level category choice (words/phrases from the problem
description)

• Justification for the top level category choice (words/phrases from the top level
category descriptions)

• What was the user trying to accomplish?
• What did the user actually do?
• Why the user did what he/she did?
• What was the result, what went wrong?
• Psychological effects
• Physical effects
• Perceptual effects
• Task-related effects
• Associated words
• General comments
• Recommendations for further evaluation

The fields helped us to collect more information, but the information was not translating
into more accurate diagnosis. In addition, analyst subjects with little usability engineering
experience had trouble filling out fields such as psychological, physical, perceptual, and
task-related effects because they simply did not know what to look for during usability
testing. We also found that the forms were tedious and that users were less thorough each
time they completed a form.

The diagnosis study, however, changed our understanding of what is important in
problem reports. We realized that it was not necessary to get more information, but
instead it was necessary to get the correct information, namely the user’s intention. We
redesigned the PRT and significantly reduced the number of fields in the problem report
to those listed in Table 1. We have further evaluations of the PRT scheduled for the fall
of 2004, so that we can integrate the findings from our summer evaluations of LSA
technology.
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Fields included in a problem report

• Session
• Date
• Project
• Version
• Evaluator
• User class
• Associated usability specification
• Associated benchmark task
• Problem description
• Screen images and/or screen action video clips
• Diagnosis and rationale
• Designer knowledge
• Severity rating
• Alternative solutions
• Estimated cost to fix
• Cost/importance analysis
• Priority-to-fix ranking
• Decision to fix or not
• Management approval signoffs
• Actions taken
• Actual cost of fix
• Resulting effect on usability in further testing with computer users

Table 1: Fields included in a problem report
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6.4 Wizard and Evaluation
Our work with usability problem data analysis and the results of the diagnosis study
confirmed the need for an early process for identifying intention. One of the most serious
problems in usability problem analysis is missing usability data – information that is lost
between collection and design, but that is needed to answer crucial questions to establish
distinguishability. While the usability practitioner gathering usability data during lab-
based usability testing may observe the necessary data needed later to make an effective
diagnosis, without tool support to elicit this information very soon after observation, that
information is lost and will not be available when needed for later complete diagnosis.
We propose that the Wizard tool can be used in conjunction with data collection to elicit
missing information crucial to diagnosis.

Rather than presenting the user with multiple complex choices at the top level of the UAF
(the crucial diagnosis decision point), the Wizard only presents two simple choices at a
time and emphasizes the most important distinguishers between the choices. The Wizard
is based on a ruling-out strategy that quickly eliminates the unusual and outlier cases,
such as the Outcomes and Overall branches of the UAF. These two cases occur rarely
during usability testing, and it is convenient for the Wizard to get them out of the way
early in the process.

Figure 17 depicts the ruling-out strategy. Each black node represents a decision point
where the user chooses between a given stage in the Interaction Cycle and all the
remaining stages. The users start the Wizard by choosing between the Outcome and
System Functionality stage and the rest of the Interaction Cycle.

Figure 17: Wizard's ruling-out strategy
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The Wizard brings the right distinguisher to bear at the right time and the right place for
the usability problem analyst. While the distinguishers needed might exist somewhere
among the words in the node descriptions, the Wizard brings them to bear in a direct
face-off situation, distilling one step of diagnosis down to an A vs. B question based on a
key characteristic of the usability problem.

We developed two static prototype versions of the Wizard (Table 2 and Table 3) in
February 2004 to determine feasibility and to verify that it can improve later diagnosis
accuracy. The Wizard study, which is described in the next section, is an evaluation of
these static versions of the Wizard.

6.4.1 Formative Study of the Wizard
The results of the diagnosis study and the development of the static Wizard prompted us
to run a study in March of 2004 to verify the Wizard (heretofore referred to as the Wizard
study). The analyst subjects, who all had some general usability knowledge, included an
individual who had never used the UAF, two beginning users, one intermediate user, and
two experts. We wanted a range of user experience levels that would match the
experience levels of all potential users. The analyst subjects were given 10 usability
problem descriptions with varying levels of user intention specified. After the analyst
subjects read the problem description, we first asked them to choose a top-level category
in the UAF and then had them use the Wizard to establish intention. We had two versions
of the Wizard: the first version (Table 2) had only abstract descriptions of each stage in
the interaction cycle, and the second version (Table 3) combined the abstract descriptions
with examples.

The Wizard presented the analyst subject with a screen that had two choices in side-by-
side boxes. For this first study, the choice that directly mapped to a stage in the
Interaction Cycle was always on the left, and the choice that continued to the remaining
stages was on the right. When analyst subjects chose a box on the left, we did not tell
them which stage in the Interaction Cycle they had selected.

For clarity, we are including the stages of the Interaction Cycle in parentheses. The
analyst subjects did not see how the questions map to these stages. If a user chose a right-
hand box, she was presented with the next pair of boxes.
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Is your problem one that is internal to the
system and invisible to users?
(Outcome and System Functionality)

Does your problem concern the user’s
interaction with the user interface?

Is your problem independent of the
interaction cycle?
(Overall)

Does your problem deal with a specific
stage in the interaction cycle?

Is your problem about actually performing
physical actions on interface objects?
(Physical Actions)

Is your problem about cognition or the
user’s ability to understand how to use the
system?

Is your problem concerned with the user’s
understanding after he made an action?
(Assessment)

Is your problem concerned with the user’s
understanding before he makes an action?

Is your problem about how well the system
supports the user in planning use of the
system to accomplish a task?
(Planning)

Does your problem concern the user's
ability to determine (know or not know)
how to do a task step?
(Translation)

Table 2: First version of the Wizard
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Is your problem one that is internal to the
system and invisible to users?
For example, does the system automate too
much and take control away from the user?
(Outcome and System Functionality)

Does your problem concern the user’s
interaction with the user interface?
For example, is your problem related to the
user’s ability to plan for his task, determine
appropriate interface elements for that task,
manipulate those interface elements, or
make sense of the results his actions?

Is your problem independent of the
interaction cycle?
For example, does the problem deal with
interaction flaws that occur throughout the
system?
(Overall)

Does your problem deal with a specific
stage in the interaction cycle?
For example, does your problem deal with
an interaction flaw that occurs in one
place?

Is your problem about actually performing
physical actions on interface objects?
For example, does the user have problems
manipulating interface objects?
(Physical Actions)

Is your problem about cognition or the
user’s ability to understand how to use the
system?
For example, does the user have trouble
determining what interface objects mean?

Is your problem concerned with the user’s
understanding after he made an action?
For example, does the user have trouble
understanding feedback from the system?
(Assessment)

Is your problem concerned with the user’s
understanding before he makes an action?
For example, does the user have trouble
determining how to perform a task?

Is your problem about how well the system
supports the user in planning use of the
system to accomplish a task?
For example, can the user determine what
they can do with the system?
(Planning)

Does your problem concern the user's
ability to determine (know or not know)
how to do a task step?
For example, does the user know what
physical actions to make on which user
interface objects?
(Translation)

Table 3: Second version of the Wizard
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The analyst subjects in the intermediate and expert levels correctly diagnosed all
problems and then confirmed their diagnoses with the Wizard. After the first few
diagnoses with the Wizard, they begin to focus only on key words in the abstractions and
used the Wizard much more rapidly. The result indicates that the Wizard was helping
them develop specific words for describing intention. Such words would work well with
LSA and provide an opportunity to use the Wizard as training wheels for writing problem
descriptions.

On several occasions, the analyst subjects who were new and beginning users chose
incorrectly but were then guided to the correct node by the Wizard. For new users of the
UAF, the Wizard offers the most potential as a teaching tool. As the users learn more
about the Interaction Cycle, they will benefit more from the Wizard as a tool for writing
problem descriptions.

The intermediate and expert levels preferred the Wizard with only abstract descriptions
because they were already familiar with the categories.  In contrast, users new to the UAF
preferred the Wizard with the specific examples because they were not yet familiar with
the types of problems in each stage of the interaction cycle.

The feedback provided by the analyst subjects led us to develop a third version of the
Wizard (Table 4). The most important change from the previous two versions of the
Wizard is the wording of the questions and examples. Using verbal protocol, we found
that certain words and phrases confused the analyst subjects and lead to misdiagnoses.
For example, the question for the Outcome and System Functionality stage in the first
and second version read: “Is your problem one that is internal to the system and invisible
to the user?” The analyst subjects, particularly those with limited experience with the
UAF, did not understand the phrase “internal to the system.” Several times, in fact, these
analyst subjects selected this choice when the problem was not related to functional
issues because they thought that internal meant any processing by the system. Because
most interactions involve processing by the system, they made misdiagnoses. We
corrected the problem in the third version by specifying that functional issues are not in
the user interface software.

The third version also randomly changes the ordering of pairs, so that the choice that
maps to a specific stage in the Interaction Cycle is not always on the left. We noticed that
some of the more advanced analyst subjects had learned the pattern and were no longer
reading the nodes. The Wizard is only valuable as a training tool if users become very
familiar with the concepts that distinguish between top-level nodes.

In addition, the third Wizard summarizes a decision in terms of the Interaction Cycle
after the user selects a choice. For example, if a user begins by selecting the choice that
does not map to Outcome and System Functionality, she would be notified that the
problem is related to the Independent, Physical Actions, Assessment, Planning, or
Translation stages of the Interaction Cycle. We believe that the feedback will help users
associate concepts from the choices with specific stages.

The results of the study also confirmed the usefulness of examples to accompany the
abstract descriptions. The Wizard allows users to turn examples on and off, so that
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experienced users are not distracted by information that they may not need. Although
examples are necessary, the study confirmed that overly specific examples made new and
beginning users of the UAF select incorrect choices. For example, the choice in the
second version of the Wizard that included the question, “Does your problem deal with
consistency as it affects a user’s ability to plan to use the system for a task?” led two
analyst subjects to select the other choice that mapped to Overall because their problem
did not deal with consistency as it affects planning. We corrected this problem by using
more generic examples.

As part of the study, we had the analyst subjects circle key words and phrases in the
problem descriptions, which they felt best described the essence of the problem. We
eventually plan to have users highlight key words in problem descriptions that they
submit to the LSA-based tool. The highlighted words will be weighted more heavily to
allow the tool to distinguish problem context from the problem itself. We believe that the
weighting has the potential to greatly improve the accuracy of LSA diagnoses.

With this additional part of the study, we wanted to determine how similar the choice of
highlighted words was among analyst subjects. Even though the analyst subjects were of
all experience levels, they highlighted essentially the same words. We believe that the
consistency of highlighting suggests that users are consistent in their understanding of
what words constitute the essence of a problem and bodes well for reliable diagnosis
through weighting.
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Is your problem in the non-user interface
software (e.g., a bug in the back end
computation)?
For example, does the system automate too
much and take control away from the user?
(Outcome and System Functionality)

Does your problem concern the user’s
interaction with the user interface?
For example, is your problem related to
user planning, determining actions, making
actions, or understanding feedback?

Does your problem cut across the whole
User Interaction Cycle and not just a
particular part?
For example, does the problem deal with
interaction flaws that occur in several
places in the user interface?
(Overall)

Does your problem deal with a specific
stage in the User Interaction Cycle?
For example, is your problem related to
user planning, determining actions, making
actions, or understanding feedback?

Is your problem about actually performing
physical actions on interface objects or
with devices?
For example, does the user have problems
finding or seeing an object to click or
actually performing the clicking and
dragging?
(Physical Actions)

Is your problem about cognition (thinking,
knowing) or the user’s ability to understand
how to use the system?
For example, is your problem related to
user planning, determining actions, or
understanding feedback?

Is your problem concerned with the user’s
ability to understand the outcome of an
action after he made the action?
For example, does the user have trouble
understanding feedback from the system?
(Assessment)

Is your problem concerned with the user’s
understanding of what action to take and/or
how to do an action before he makes the
action or the next appropriate action?
For example, does the user have trouble
determining how to perform a task or the
next appropriate task?

Is your problem about how well the system
supports the user in high-level planning use
of the system to accomplish a task?
For example, can the user make an overall
general plan for using the system?
(Planning)

Does your problem concern the user's
ability to determine (know or not know)
how to do a specific task step?
For example, does the user know what
physical action to make on which user
interface object?
(Translation)

Table 4: Third version of the Wizard
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6.5 Training LSA
LSA has great potential for improving the content and structure of the UAF as well as
automating the usability problem diagnosis process. LSA can simulate an understanding
of concepts by providing measures of semantic similarity between texts. The key to
enabling an understanding of concepts by LSA is training it on a sufficiently large
number of texts that address the appropriate concepts. For our purposes, LSA must
understand concepts related to human interaction with user interfaces. As such, we have
chosen to train LSA on HCI literature.

We selected 537 articles from the following journals and conferences (a list of these
articles is available in Appendix A):

• Behavior and Information Technology
• ACM Conference on Human Factors in Computing Systems
• Human-Computer Interaction
• International Journal of Human-Computer Interaction
• International Journal of Human-Computer Studies
• Interacting with Computers
The articles from journals and conferences provide good coverage of specific areas in the
field of HCI, but we believe HCI textbooks would provide a better overall coverage of
HCI concepts and theories. As such, we are currently negotiating with the publishers of
the following HCI textbooks for digital copies of their books:

• Baecker, R. M. and W. A. S. Buxton, Eds. (1987). Readings in Human-computer
Interaction:  A Multidisciplinary Approach. Los Altos, CA, Morgan Kaufmann
Publishers, Inc.

• Baecker, R. M., J. Grudin, W. A. S. Buxton and S. Greenberg, Eds. (1995). Readings
in Human-computer Interaction: Toward the Year 2000. San Francisco, CA, Morgan
Kaufman Publishers, Inc.

• Carroll, J. M., Ed. (1991). Designing Interaction:  Psychology at the Human-
computer Interface. Cambridge, England, Cambridge University Press.

• Dix, A., J. Finlay, G. Abowd and R. Beale (1998). Human-computer Interaction.
London, Prentice Hall Europe.

• Helander, M., Ed. (1988). Handbook of Human-computer Interaction. Amsterdam,
North-Holland.

• Mandel, T. (1997). Elements of User Interface Design. New York, John Wiley &
Sons, Inc.

• National Research Council (1997). More than Screen Deep. Washington, D.C.,
National Academy Press.

• Nielsen, J. (1989). Coordinating user Interfaces for Consistency. Boston, Academic
Press, Inc.

• Norman, D. A. and S. W. Draper, Eds. (1986). User Centered System Design: New
Perspectives on Human-computer Interaction. Hillsdale, NJ, Lawrence Erlbaum
Associates.
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• Powell, J. E. (1990). Designing User Interfaces. San Marcos, CA, Microtrend Books.
• Preece, J., Ed. (1993). A Guide to Usability: Human Factors in Computing.

Wokingham, England, Addison-Wesley.
• Preece, J., Y. Rogers, H. Sharp, D. Benyon, S. Holland and T. Carey (1994). Human-

Computer Interaction. Wokingham, England, Addison-Wesley.
• Raskin, J. (2000). The Humane Interface: New Directions for Designing Interactive

Systems. Boston, Addison-Wesley.
• Shneiderman, B. (1998). Designing the User Interface: Strategies for Effective

Human-computer Interaction. Reading, MA, Addison-Wesley.
• Shneiderman, B. (1998). Designing the User Interface: Strategies for Effective

Human-computer Interaction. Reading, MA, Addison-Wesley.
• Zetie, C. (1995). Practical user Interface Design: Making Guis Work. London,

McGraw-Hill.

We are reasonably optimistic that we will be able to obtain digital copies of the books by
the beginning of phase 2.

We are working with Knowledge Analysis Technologies, a Colorado-based company that
specializes in LSA technology. They have performed the first build of the space based on
the literature that we have chosen. They have provided us with an early prototype of a
tool for exploring the space, and we have performed some early informal tests of the
space.

7 Future Work
In phase 1, we developed an infrastructure for usability problem data analysis. In phase 2,
we will extend the infrastructure with LSA technology. This extension process consists of
the following: integrating the tools and incorporating LSA technology, associating
content with UAF nodes, and formalizing and validating our work.

7.1 Integrating the Tools and Incorporating LSA Technology
The tools currently exist independently of one another. To better guide a practitioner
through the usability process, we will update and integrate the tools. For example, we
will update the PRT to accommodate changes in the data management cycle. More
specifically, we will extend the tool to help practitioners collect critical incident data,
including information on intention, and organize that data by characteristics such as
project, version, session, and trial. The updated PRT will be integrated with the Viewer,
so that practitioners can access problem reports based on nodes they encounter during
diagnosis.
In addition to updating and integrating the tools, we will integrate LSA technology. For
example, we plan to investigate the possibility of a Wizard driven dynamically by LSA
that asks questions to elicit missing distinguisher information from the usability problem
analyst. On the basis of analyzing the semantic content of the nodes involved in candidate
diagnosis paths, LSA will suggest distinguisher-based questions to disambiguate a given
diagnosis decision at a given UAF node. As practitioners gain experience using this tool,
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we expect they will learn how to anticipate the LSA-driven Wizard questions and will
adapt by collecting more of the necessary information during data gathering. Thus, the
LSA-driven Wizard will act as a kind of training wheels through which practitioners
become more expert at both data gathering and analysis.

7.2 Node Content
The UAF is valuable as a conceptual framework, but it is even more valuable when it is
used an organizing structure for detailed usability content. We are developing and
collecting content to associate with nodes in the UAF, so practitioners will have direct
access to information that helps them better understand and relate problems that they
have diagnosed. Integrating the tools and incorporating LSA technology will allow us to
provide practitioners with the following:

• Actual node content: The content includes usability principles, issues, concepts, and
design rationale related to the node’s usability concept.

• References to literature: LSA technology will enable us to search the literature that
we used to build the LSA space and include references to specific paragraphs that
address the usability concept represented by the node.

• Sample usability problem(s): We are currently using the UAF PRT to construct a
usability problem library. The construction of the library involves extracting
problems from critical incident reports from professional usability labs, diagnosing
the problems according to the UAF, and reporting the results. We currently have over
100 analyzed usability problems in our library. We will continue to add to the library
until the end of phase 2. The sample problems allow practitioners to confirm
diagnoses by comparison. In addition, practitioners can see solutions for related
problems.

• Actual project-related usability problem(s): In addition to sample usability problems,
practitioners will want to see what previous problems they or members of their team
or organization have diagnosed at a given node. Thus, each node will serve as an
entry point into the PRT, which will contain records of the life histories of diagnosed
usability problems. Each problem will contain the fields listed in Table 1.

7.3 Formalizing and Validating Our Work
A key component of phase 2 will be formalizing our research questions and performing
summative studies to validate our work. Potential research activities for phase 2 that
might be useful in the formalization and validation process include:

• Computing measures of semantic similarity or distance between nodes and paths in
the UAF based on their positions in the LSA space

• Determining the most significant words in determining semantic similarity or distance
in the UAF

• Determining if the UAF covers the semantic space defined by the literature used to
train LSA

• Determining whether or not a problem statement has enough information to provide
immediate intention
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• Developing an LSA-based Wizard that can train analyst subjects to provide intention
information in problem reports

• Automatically diagnosing a problem based on an appropriate problem statement

8 Summary and Conclusion
We have developed the basis for an infrastructure to support usability problem data
analysis. In particular, we have adapted a conceptual framework for organizing usability
problem data, created an appropriate process, prototyped tools that leverage the
framework and guide practitioners through the process, and begun exploring LSA
technology for automating parts of the process. Formative studies have helped us identify
and understand the problem and provided a good indication that our approach is
appropriate.

We chose the UAF as our conceptual framework and have adapted and embedded it in
our infrastructure. Since the beginning of phase 1, we have released three versions of the
UAF. For each version, we used the results of exploratory and formative studies to
improve the content of nodes and refine the overall structure.

Our proposed process for usability data management improves upon the existing process
by moving extraction and initial diagnosis to the usability data collection stage. Our
process allows analysts to capture intention while the user participant is still available for
questioning. Although our process requires more resources in the collection stage than
the existing process, it is our working hypothesis that it will save resources later in the
usability data management cycle and result in the creation of problem reports that are
more useful for developers working on redesign and implementation.

We have also developed working prototypes of three tools: the UAF Viewer, the UAF
Editor, and the UAF PRT. These tools give us the ability to update the UAF, view the
contents of the UAF for diagnosis purposes, and store and organize large numbers of
usability problem reports. We have also constructed a paper prototype of the Wizard, a
tool that facilitates the identification of intention. We have performed several exploratory
studies to improve the interaction design of these tools.

Finally, we have trained LSA on HCI literature. We have done exploratory evaluation of
the resulting semantic space, and are ready to begin more formally evaluating the space
and its potential in phase 2. Our initial work with LSA indicates that it has great potential
for automating parts of the analysis process.

Our work contributes to the limited group of existing methods and techniques for
usability problem data analysis. In particular, our work offers a practical, complete
approach that guides practitioners through a repeatable process and helps them organize
and reuse collected data.
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