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The current variety of alternative approaches to usability evaluation methods (UEMs)
designed to assess and improve usability in software systems is offset by a general lack
of understanding of the capabilities and limitations of each. Practitioners need to know
which methods are more effective and in what ways and for what purposes. However,
UEMs cannot be evaluated and compared reliably because of the lack of standard crite-
ria for comparison. In this article, we present a practical discussion of factors, compari-
son criteria, and UEM performance measures useful in studies comparing UEMs. In
demonstrating the importance of developing appropriate UEM evaluation criteria, we
offer operational definitions and possible measures of UEM performance. We high-
light specific challenges that researchers and practitioners face in comparing UEMs
and provide a point of departure for further discussion and refinement of the princi-
ples and techniques used to approach UEM evaluation and comparison.

1. INTRODUCTION

The concept of evaluation dates back to the beginning of system analysis and hu-
man factors and beyond. Usability evaluation reaches back to virtually the begin-
ning of human—computer interaction (HCI). Usability evaluation methods (UEMs)
go back more than 2 decades, published accounts of UEMs go back more than a de-
cade (Card, Moran, & Newell, 1983; Nielsen & Molich, 1990), and for some time re-
searchers have conducted studies that compare UEMs (Jeffries, Miller, Wharton, &
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Uyeda, 1991; Nielsen & Molich, 1990). However, in a broad historical view, the area
is still relatively new and incomplete as both a research topic and as an applied body
of knowledge.

In the 1980s, laboratory usability testing quickly became the primary UEM
for examining a new or modified interface. Laboratory usability testing was
seen by developers as a way to minimize the cost of service calls, increase sales
through the design of a more competitive product, minimize risk, and create a
historical record of usability benchmarks for future releases (Rubin, 1994). Lab-
oratory testing involved user performance testing to evaluate speed, accuracy,
and errors in addition to user subjective evaluations. Methods for collecting
data beyond user performance data included verbal protocols (Ericsson & Si-
mon, 1984), critical incident reporting (del Galdo, Williges, Williges, & Wixon,
1987), and user satisfaction ratings (Chin, Diehl, & Norman, 1988). In the 1990s,
many developers explored other methods in an attempt to bring down the cost
and time requirements of traditional usability testing. In addition, because us-
ability testing often had been occurring late in the design process, developers
were motivated to look at methods that could be used earlier when only an im-
mature design was available (Marchetti, 1994). As a result, expert-based inspec-
tion methods grew in popularity because many of them were intended to be
used with a relatively early design concept (Bradford, 1994). Some of the more
popular expert-based UEMs include guideline reviews based on interaction de-
sign guidelines such as those by Smith and Mosier (1986), heuristic evaluation
(Nielsen & Molich, 1990), cognitive walk-throughs (C. Lewis, Polson, Wharton,
& Rieman, 1990; Wharton, Bradford, Jeffries, & Franzke, 1992), usability
walk-throughs (Bias, 1991), formal usability inspections (Kahn & Prail, 1994),
and heuristic walk-throughs (Sears, 1997).

Practitioners are far from settled on a uniform UEM, and researchers are far from
agreement on a standard means for evaluating and comparing UEMs. Confounding
the situation is a miscomprehension of the limitations of UEMs and to what condi-
tions those limitations apply. What makes the state of UEM affairs most disturbing to
many is the lack of understanding of UEM evaluation and comparison studies, as
pointed out by Gray and Salzman (1998) and debated in subsequent discussions
(Olson & Moran, 1998). Gray and Salzman called into question existing UEM studies
as potentially misleading and urged researchers to apply the power of the experi-
mental method more carefully and rigorously in these studies.

1.1. Iterative Design and Evaluation

Interactive systems, at least the user interfaces, are usually designed through an
iterative process involving design, evaluation, and redesign. Kies, Williges, and
Rosson (1998) summarized three major iterative stages of initial, prototype, and
final design that are central to the iterative design process. During initial de-
sign, goals and guidelines are iterated to finalize the design specifications lead-
ing to a prototype design. Formative evaluation focuses on usability problems
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that need to be solved during the prototype design stage before a final design
can be accepted for release. Summative evaluation is then conducted to evalu-
ate the efficacy of the final design or to compare competing design alternatives
in terms of usability. As shown in Figure 1, UEMs are used primarily for forma-
tive evaluations during the prototype design stage. These formative evaluations
are focused on efficient and effective techniques to determine usability prob-
lems that need to be eliminated through redesign. A combination of ex-
pert-based and user-based inspection methods has evolved to facilitate the for-
mative evaluation process.

Iterative Design Process (Kies, Williges. and Rosson, 1998
Design Prototype Operational
Goals Interface Interface v

A
Design Formative Summative
Guidelines Evaluation Evaluation
A

Usability Evaluation Methods

Expert Evaluation User Evaluation
Guideline Reviews Critical Incidents
Heuristic Evaluation Severity Ratings
Usability Inspections User Performance
Walkthroughs Verbal Protocols

Model Evaluation Evaluation Location
Model-Mismatch Analysis Controlled Experiments
User Activity Analysis Laboratory Evaluation
Usability Problem Inspector Remote Evaluation

FIGURE 1 UEMs used in formative usability evaluation. From “Coordinating com-
puter-supported cooperative work: A review of research issues and strategies” by J. K.
Kies, R. C. Williges, and M. B. Rosson, 1998, Journal of the American Society for Information
Science, 49, pp.776-779. Copyright 1994 by John Wiley & Sons. Reprinted with permis-
sion.
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1.2. Need for a Foundation for Evaluating Usability Evaluation Methods

Among interactive system developers and users there is now much agreement that
usability is an essential quality of software systems. Among the HCI and usability
communities, there is also much agreement that

¢ Usability is seated in the interaction design.

* Aniterative, evaluation-centered process is essential for developing high us-
ability in interaction designs.

* Aclass of usability techniques called UEMs have emerged to support that de-
velopment process by evaluating the usability of interaction designs and
identifying usability problems to be corrected.

Beyond this level of agreement, however, there are many ways to evaluate the
usability of an interaction design (i.e., many UEMs), and there is much room for
disagreement and discussion about the relative merits of the various UEMs. As
more new methods are being introduced, the variety of alternative approaches and
a general lack of understanding of the capabilities and limitations of each has inten-
sified the need for practitioners and others to be able to determine which methods
are more effective and in what ways and for what purposes. In reality, researchers
find it difficult to reliably compare UEMs because of a lack of

¢ Standard criteria for comparison.
e Standard definitions, measures, and metrics on which to base the criteria.
¢ Stable, standard processes for UEM evaluation and comparison.

Lund (1998) noted the need for a standardized set of usability metrics, citing the
difficulty in comparing various UEMs and measures of usability effectiveness. As
Lund pointed out, there is no single standard for direct comparison, resulting in a
multiplicity of different measures used in the studies, capturing different data de-
fined in different ways. Consequently, very few studies clearly identify the target
criteria against which to measure success of a UEM being examined. As a result, the
body of literature reporting UEM comparison studies does not support accurate or
meaningful assessment or comparisons among UEMs. Many such studies that
have been reported were not complete or otherwise fell short of the kind of scien-
tific contribution needed. Although these shortcomings often stemmed from prac-
tical constraints, they have led to substantial critical discussion in the HCI litera-
ture (Gray & Salzman, 1998; Olson & Moran, 1998).

Accordingly, in this article we present a practical discussion of factors, comparison
criteria, and UEM performance measures that are interesting and useful in studies
comparing UEMs. We highlight major considerations and concepts, offering some op-
erational definitions and exposing the hazards of some approaches proposed or re-
ported in the literature. In demonstrating the importance of developing appropriate
UEM evaluation criteria, we present some different possible measures of effectiveness,
select and review studies that use two of the more popular measures, and consider the
trade-offs among different criterion definitions. This work highlights some of the spe-
cific challenges that researchers and practitioners face when comparing UEMs and
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provides a point of departure for further discussion and refinement of the principles
and techniques used to approach UEM evaluation and comparison.

1.3. Terminology

As popularized by Gray and Salzman (1998), we use the term usability evaluation
method (UEM) to refer to any method or technique used to perform formative usabil-
ity evaluation (i.e., usability evaluation or testing to improve usability) of an inter-
action design at any stage of its development. This broad definition includes labora-
tory-based formative usability testing with users, heuristic and other expert-based
usability inspection methods, model-based analytic methods, all kinds of expert
evaluation, and remote evaluation of interactive software after deployment in the
field. As discussed earlier, we exclude summative studies of usability in a given
product from the concept of a UEM. We use the term UEM comparison study to refer
to any empirical summative evaluation that compares performance (by any mea-
sure) among UEMs.

The essential common characteristic of UEMs (at least for purposes of this arti-
cle) is that every UEM, when applied to an interaction design, produces a list of po-
tential usability problems as its output. Some UEMs have additional functionality,
such as the ability to help write usability problem reports, to classify usability prob-
lems by type, to map problems to causative features in the design, or to offer rede-
sign suggestions. We believe these are all important and deserve attention in addi-
tion to the basic performance-based studies.

A person using a UEM to evaluate usability of an interaction design is called an
evaluator, to distinguish this specialized usability engineering role. More specifi-
cally, a person using a usability inspection method (one type of UEM) is often
called an inspector.

1.4. Types of Evaluation and Types of UEMs

In the previous sections, we have used the terms formative evaluation and summative
evaluation. To understand UEMs and their evaluation, one must understand evalua-
tion in these terms and in the context of usability. We have adopted Scriven’s (1967)
distinction between two basic approaches to evaluation based on the evaluation ob-
jective. Formative evaluation is evaluation done during development to improve a
design, and summative evaluation is evaluation done after development to assess a
design (absolute or comparative). Phrasing Scriven’s definitions in terms of usabil-
ity, formative evaluationis used to find usability problems to fixso thatan interaction
design canbeimproved. Summative evaluationis used to assess or compare thelevel
of usability achieved in an interaction design. Summative evaluationis generally re-
garded as requiring rigorous, formal experimental design, including a test for statis-
tical significance and is often used to compare design factors in a way that canadd to
the accumulated knowledge within the field of HCI. Although the words usability
evaluation method, taken at face value, technically could include formal methods for
controlled empirical studies of usability, the convention is to limit the term UEM to
refer to methods for formative usability evaluation. Further, because this article is
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aboutsummativestudies of UEMs, classifying summative usability studiesas UEMs
would necessitate a discussion about summative studies of summative studies,
which is beyond the scope of this article. Thus, we limit the scope of this article to
UEMs used to perform formative usability evaluation of interaction designs and do
not include summative studies of usability of a system as a UEM.

Usually, formative UEMs are associated with qualitative usability data (e.g., us-
ability problem identification) and summative usability evaluation with quantita-
tive data (e.g., user performance numbers). Sometimes formative usability evalua-
tion can also have a component with a summative flavor. To approximate the level
of usability achieved, some UEMs lend an informal (not statistically rigorous)
summative flavor to the formative process by supporting collection of quantitative
usability data (e.g., time on task) in addition to the qualitative data. Not being
statistically significant, these results do not contribute (directly) to the science of
usability but are valuable usability engineering measures within a development
project. Usability engineers, managers, and marketing people use quantitative usa-
bility data to identify convergence of a design to an acceptable level of usability and
to decide (as an engineering or management decision, not a scientific decision)
when to stop iterating the development process. Beyond this summative flavor,
however, UEMs are about qualitative usability data, not quantitative data. This is-
sue arises again, in Section 7.1, in terms of focusing on qualitative data of UEMs in
comparison studies of UEMs.

A somewhat orthogonal perspective is used to distinguish evaluation methods
in terms of how evaluation is done. Hix and Hartson (1993b) described two kinds
of evaluation: analytic and empirical. Analytic evaluation is based on analysis of
the characteristics of a design through examination of a design representation, pro-
totype, or implementation. Empirical evaluation is based on observation of perfor-
mance of the design in use. Perhaps Scriven (1967), as described by Carroll, Singley,
and Rosson (1992), gets at the essence of the differences better by calling these types
of evaluation, respectively, intrinsic evaluation and payoff evaluation.! Intrinsic evalu-
ation is accomplished by way of an examination and analysis of the attributes of a

In describing Scriven’s (1967) distinction between intrinsic and payoff approaches to evaluation,
other authors (e.g., Carroll et al., 1992; Gray & Salzman, 1998) quoted his example featuring an ax:

If you want to evaluate a tool, say an axe, you might study the design of the bit, the weight distri-
bution, the steel alloy used, the grade of hickory in the handle, etc., or you might just study the
kind and speed of the cuts it makes in the hands of a good axeman. (Scriven, 1967, p. 53)

Although this example served Scriven’s (1967) purpose well, it also offers us a chance to make a point
about the need to carefully identify usability goals before establishing evaluation criteria. Giving an HCI
usability perspective to the ax example, we see that user performance observation in payoff evaluation
does not necessarily require an expert axman (or axperson). Expert usage might be one component of the
vision in ax design for usability, but it is not an essential part of the definition of payoff evaluation. Us-
ability goals depend on expected user classes and the expected kind of usage. For example, an ax design
that gives optimum performance in the hands of an expert might be too dangerous for a novice user. For
the city dweller, also known as weekend wood whacker, safety might be a usability goal that transcends
firewood production, calling for a safer design that might necessarily sacrifice efficiency. One hesitates to
contemplate the metric for this case, possibly counting the number of 911 calls from a cell phone in the
woods. Analogously in the user interface domain, usability goals for a novice user of a software account-
ing system, for example, might place data integrity (error avoidance) above sheer productivity.
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design without actually putting the design to work, whereas payoff evaluation is
evaluation situated in observed usage.

The de facto standard payoff method in the usability world is the well-known lab-
oratory-based usability testing with users. Goals, operators, methods, selection
(Card etal., 1983) analysis—in which user actions for task performance are assigned
costs (in terms of time), set within a model of the human as information processor—
offersa good representative example of intrinsic usability evaluation. Some usability
inspection methods (Nielsen & Mack, 1994) are essentially intrinsic in that they ana-
lyze aninteraction design with respect to aset of design guidelines or heuristics. This
kind of inspection method requires a usability expert to analyze the design rather
than to test it with real users. Other usability inspection methods are hybrids be-
tween intrinsic and payoff in that the analysis done during usability inspection is
task driven; the expert’s analysis is based on exploring task performance and en-
countering usability problems in much the same way users would, adding a payoff
dimension to the intrinsic analysis. In this situation, a usability inspector asks ques-
tions about designs in the context of tasks to predict problems users would have.

Regardless of the method, the goal of all UEMs is essentially the same: to pro-
duce descriptions of usability problems observed or detected in the interaction de-
sign for analysis and redesign. Ostensibly, this shared goal and common output
should make the various UEMs directly comparable, but as we already know from
the discussion in the literature, things are not that simple.

1.5. Damaged Merchandise

Theneed to evaluate and compare UEMs is underscored by the fact that some devel-
opers have recently questioned the effectiveness of some types of UEMs in terms of
their ability to predict problems that users actually encounter (John & Marks, 1997).
Gray and Salzman (1998) recently documented, in their article about “damaged
merchandise,” specific validity concerns about five popular UEM comparison stud-
ies. The term damaged merchandise is a reference to the lack of attention given by re-
searchers to rigorous experimental design for evaluating UEMs. Gray and Salzman
made the case that, when the results of a study not rigorously designed and exe-
cuted according to the prescripts of experimental design methodology for statistical
significance are used to inform the choice of which UEM to use, the consequence is
damaged merchandise. They made the point that even small problems with experi-
mental studies call into question what is accepted as known about UEMs. A key
concern noted by Gray and Salzman is the issue of using the right measure (or mea-
sures) to compare UEMs in terms of effectiveness.

To be fair, some of the incomplete results criticized by Gray and Salzman (1998)
were understandable because researchers were using data that became available
through means designed for other ends (e.g., usability testing within a real devel-
opment project), and additional resources were not available to conduct a com-
plete, scientifically valid experiment. It is fair to say that these partial results have
value as indicators of relative UEM merit in a field in which complete scientific re-
sults are scarce. In many engineering contexts, usability engineering included,
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so-called damaged merchandise is not always a bad thing. For example, most
UEMs represent a conscious trade-off of performance for savings in cost. Aslong as
“buyers” know what they are getting, and it will suffice for their needs, they can of-
ten get a good “price” for damaged merchandise. This is, we think, a sound princi-
ple behind what has been called discount engineering (Nielsen, 1989), and it has al-
ways been part of the legitimate difference between science and engineering.
However, as pointed out by Gray and Salzman (1998), damaged merchandise is
farlessacceptablein the realm of usability science, especially when found in the form
of poorly designed UEM comparison studies. There is certainly aneed for more care-
fully designed comparison experiments—both to contribute to the science of usabil-
ity and to provide practitioners with more reliable information about the relative
performance of various UEMs as used for various purposes. Some authors in the dis-
cussion sequel to the Gray and Salzman article, as compiled by Olson & Moran
(1998), havesuggested thatsomescienceis better thannone, and resource limitations
that preclude complete scientific results should not prevent attempts at modest con-
tributions. These discussants have argued that this is especially true in a relatively
new field in which any kind of result is difficult to come by. In balance, Gray and
Salzman would probably caution us that sometimes bad science is worse than none.
However, as Lund (1998) pointed out in his commentary about Gray and Salzman,
the danger may not loom so darkly to practitioners, making the case that practitio-
ners will quickly discover if a recommendation is not useful. In any case, the argu-
ment made previously, which applies to the acceptance of any merchandise, was
based on the buyers knowing what they are, and are not, getting for their money.

1.6. Road Map of Concepts

Figure 2 shows a guide to the concepts of this article and the relations among them. Re-
searchers planning a UEM comparison study have in mind an ultimate criterion for es-
tablishing the “goodness” of a particular method. However, because ultimate criteria
are usually considered impossible to measure directly, researchers select one of many
possibleactual criteria to approximate the ultimate criterion for UEM comparison. The
experimenter then applies amethod representing the actual criterion toidentify a stan-
dard set of usability problems existing in the target system interaction design. The ex-
perimenter also applies the UEMs being compared (UEM-A and UEM-B in Figure 2)
to the target design and calculates UEM performance metrics using the resulting us-
ability problem lists in relation to the standard usability problem list. The UEMs are
then compared on the basis of their performance metrics computed from the problem
lists. We discuss these concepts in detail in the sections that follow.

2. EVALUATION CRITERION RELEVANCE, DEFICIENCY,
AND CONTAMINATION

To evaluate the effectiveness of a UEM, and especially to compare the effectiveness
of UEMSs, usability researchers must establish a definition for effectiveness and an
evaluation or comparison criterion or criteria. The criteria are stated in terms of one
or more performance-related (UEM performance, not user performance) measures
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FIGURE 2 Roadmap of concepts.

(effectiveness indicators), which are computed from raw empirical usability data
(e.g., usability problem lists) yielded by each UEM. Making the right choice for cri-
teria and performance measures depends on understanding the alternatives avail-
able and the limitations of each. In this article, we bring these issues to light to foster
this understanding.

The selection of criteria to evaluate a UEM is not essentially different from criteria
selection for evaluation of other kinds of systems (Meister, Andre, & Aretz, 1997). In
the evaluation of large-scale systems such as military weapon systems, for example,
customers (e.g., the military commanders) establish ultimate criteria for a system in
the real world. Ultimate criteria are usually simple and direct—for example, that a
certain weapon system will win a battle under specified conditions. However, mili-
tary commanders cannot measure such ultimate criteria directly outside of an actual
combat environment. As a result, military commanders establish specific other at-
tributes, called actual criteria, which are more easily measured and that thereisreason
tobelieve will be effective predictors of the ultimate criteria. Toillustrate, command-
ers might establish the following characteristics as actual criteria for military aircraft
performance: Aircraft must fly at X thousand feet, move at Y mach speed, and shoot
with Zaccuracy. Asactual criteria, these measures are only indicators or predictors of
the ultimate criterion and are more valuable as predictors if they can be validated,
which can happen only when real combat clashes occur.
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Measures to be used in actual criteria are designed to be operational parameters
that can be computed by consistent means that are agreed on and reliably under-
stood. If system reliability were a goal, for example, mean-time-between-failure
would be a good measure because practitioners understand its meaning and com-
putational mechanics. Researchers do not yet have any measures this well stan-
dardized in usability, so they generally define their own to meet the goals of the re-
search (Gray & Salzman, 1998; Lund, 1998). To be useful and repeatable in an actual
criterion, a measure must have at least these characteristics:

¢ Asolid definition, understandable by all.

¢ A metric, to be computed from raw usability data.

¢ Astandard way to measure or take data.

¢ One or more levels of performance that can be taken as a “score” to indicate
goodness.

The degree to which actual criteria are successful predictors of the ultimate
criterion is the essence of the concept called criterion relevance, illustrated by the
intersection of the two circles in Figure 3. If, for example, stealth technology
makes it unnecessary to fly at 80,000 feet, then the altitude criterion is no longer
a useful predictor of the ultimate criterion causing that part of the actual crite-
rion to fall outside the intersection with the ultimate criterion. Because this part
of the actual criterion contaminates the approximation to the ultimate criterion,
it is called criterion contamination.

If military commanders leave out an important measure that should be included
in the estimate of an ultimate criterion, the actual criterion is deficient in represent-
ing the ultimate criterion, and the part of the ultimate criterion not represented falls
outside the intersection in the part called criterion deficiency.

3. ULTIMATE CRITERION FOR UEM EFFECTIVENESS—
FINDING REAL USABILITY PROBLEMS

Criterion relevance applies to UEMs as well as military planes. For discussion,
we postulate the following ultimate criterion for UEM evaluation and compari-

Criterion Deficiency

Ultimate
Criterion

Criterion Relevance

Actual

Criterion Criterion Contamination

FIGURE 3 Relation between ultimate and actual criteria.
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son, somewhat analogous to the simple ultimate criterion used in the case of
the airplane: How well does the UEM help inspectors or evaluators discover
real usability problems?

This realness attribute, which plays a pivotal role in several of the UEM measures
is defined as follows: A usability problem (e.g., found by a UEM) is real if it is a pre-
dictor of a problem that users will encounter in real work-context usage and that
will have an impact on usability (user performance, productivity, or satisfaction, or
all three). This would exclude problems with trivially low impact and situations
real users would or could not encounter. The emphasis on real users is important in
this definition because many of the UEMs evaluated in studies are usability inspec-
tion methods in which the inspectors encounter problems that do not always pre-
dict usability problems for real users. In any case, this definition of realness belongs
more to ultimate criteria than to any actual criterion because it does not yet offer an
operational way to test for the stated conditions. This deceptively simple UEM cri-
terion translates into a large number of issues when it comes to putting it into prac-
tice, when it comes to unpacking the meaning of the words how well and real.

To the extent that any practical means for determining realness in the actual crite-
rion will result in some errors, there will be both criterion contamination and crite-
rion deficiencies. However, once the actual criterion (including the method for deter-
mining realness) is established, those issues about “truth” regarding fidelity of the
actual criteria to the ultimate criteria are encapsulated in the actual criteria selection
process. This compartmentalization allows us to ignore questions of truth about the
actual criteria during a study in which they are applied, where the focus is on the ac-
tual criterion as the standard. Here the question is how well does the UEM help in-
spectors discover real (as determined by the actual criterion) usability problems?

4. ACTUAL CRITERIA FOR UEM EFFECTIVENESS—
OPERATIONALLY DETERMINING REALNESS

4.1. Determining Realness by Comparing
With a Standard Usability Problem List

If an evaluator, or researcher, had a complete list of precisely the real usability prob-
lems that existin a given target interaction design, that evaluator could ascertain the
realness of each candidate usability problem found by a UEM. The evaluator would
search the standard list for a match to the candidate problem, thereby determining
whether it was in the list (and thus, whether it was real).

Usability problem lists as usability problem sets. Aswe have established,
each UEM, when applied, produces a list of usability problems. Because compari-
son of UEMs requires comparison and manipulation of their usability problem lists,
itis often more useful to think of each UEM as producing a set of usability problems.
As sets, the lists can be thought of as unordered, and they afford formal (set theo-
retic) expressions of important questions. Cockton and Lavery (1999) favored this
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same choice of terminology for much the same reasons. For example, one might
need to ask whether a given UEM finds a certain known problem in a target design.
Or one mightneed to know what usability problems the outputs of UEM; and UEM,
have in common or what you get when you merge the outputs of UEM; and UEM..
These are questions, respectively, about set membership, set intersections, and set
unions. Simple set operations, such as union, intersection, and set difference can be
used to manipulate the usability problems and combine them in various ways to
calculate UEM performance measures.

Producing a standard usability problem set. As a way to define realness,
experimenters often seek to establish a standard touchstone set of usability prob-
lems deemed to be the real usability problems existing in the target interaction de-
sign of the study. This standard usability problem set is used as a basis for comput-
ing various performance measures as parts of actual criteria. We say that the
touchstone setis part of an actual criterion because it can only approximate the theo-
retical ultimate real usability problem set, a set that cannot be computed. Some of
the possible ways to produce a standard-of-comparison usability problem set for a
given target interaction design include

Seeding with known usability problems.

Laboratory-based usability testing.

Asymptotic laboratory-based testing.

Union of usability problem sets over UEMs being compared.

The seeding approach introduces a known usability problem set to be used di-
rectly for comparison as part of the actual criterion. The two kinds of laboratory
testing involve users and expert observers to produce standard usability problem
sets found in the target system. The union of usability problem sets combines all the
problem sets produced by the UEMs to produce the standard of comparison.

Seeding the target design with usability problems. Sometimes experimen-
ters will seed or “salt” a target system with known usability problems, an approach
that can seem attractive because it gives control over the criterion. In fact, this is one
of the few ways the experimenters can know about all the existing problems (as-
suming there are no real problems in the system before the seeding). Yet many UEM
researchers believe salting the target system is not a good basis for the science of a
UEM study because the outcome depends heavily on experimenter skill (in the salt-
ing), putting ecological validity in doubt. Experienced usability practitioners will
know that contrived data can seldom match the variability, surprises, and realness
of usability data from a usability laboratory.

Laboratory-based usability testing. Traditional laboratory-based usability
testing is the de facto standard, or the “gold standard” (Landauer, 1995; Newman,
1998) used most often in studies of UEM performance. Laboratory-based testing is a
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UEM that produces high-quality, but expensive, usability problem sets. Often labo-
ratory-based UEM performance is unquestioned in its effectiveness as a standard of
comparison to evaluate other UEMs. Because it is such a well-established compari-
son standard, it might be thought of as an ultimate criterion, especially when com-
pared to usability inspection methods. However, it does not meet our definition for
an ultimate criterion because of the constraints and controls of the usability labora-
tory. Developers decide which tasks users should perform and what their work envi-
ronment will be like (usually just the laboratory itself). Some researchers and practi-
tioners would like more data on how well laboratory-based testing is predictive of
real usability problems and under what conditionsitbest plays thisrole, butitis diffi-
cult to find an experimental standard good enough to make that comparison.

Despite these possible deviations from the ultimate, the experience of the usabil-
ity community with laboratory-based testing as a mainstream UEM for formative
evaluation within the interaction development process has led to a high level of
confidence in this UEM. Other UEMs have arisen, not because of a search for higher
quality but mostly out of a need for lower cost.

In any case, the typical laboratory-based usability test employs several users as
participants along with one or more observers and produces the union of problems
found by all users. Given that some usability problems, even from laboratory-
based testing, can be of questionable realness, it is best to combine the laboratory
test with expert review to eliminate some of the problems considered not real, thus
improving the quality of the usability problem set to be used as the actual criterion.

Asymptotic laboratory-based testing. The typical usability laboratory test
will miss some usability problems. In fact, most laboratory tests are deliberately de-
signed with an objective of cost effectiveness at an acknowledged penalty of miss-
ing some usability problems. Using the formula 1 - (1 - p)", researchers have shown
that a sample size of 5 participant evaluators (1) is sufficient to find approximately
80% of the usability problems in a system if the average individual detection rate (p)
is at least 0.30 (Nielsen, 1994; Virzi, 1990, 1992; Wright & Monk, 1991). Virzi (1992)
found average individual detection rates ranging from 0.32 to 0.42. However, J. R.
Lewis (1994) found that average detection rates can be as low as 0.16 in office appli-
cations. Figure 4 shows the problem discovery likelihood when individual detec-
tion rates range between 0.15 and 0.45, using the formula 1 - (1 - p)". The rate at
which problem detection approaches the asymptote varies significantly depending
on the individual detection rate. Only 8 evaluators are needed to find 95% of the
problems when the detection rate is 0.45, but as many as 19 evaluators are needed to
find the same amount when the detection rate is 0.15.

For an individual detection rate of about 0.3 or higher, the first three to five users
are enough to find 80% of the usability problems, as found independently by Niel-
sen (1990, 1992) and Virzi (1992). The number of new problems found by each
added user levels off at about three to five users, with the number of new usability
problems found dropping with each new user added after that. Therefore effi-
ciency, or cost effectiveness, also levels off at three to five users. Fortunately for
usability practice, both Nielsen (1992) and Virzi (1992) found that this kind of lab-
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Lawrence Erlbaum Associates, Inc. does not have electronic rights to Figure 4.
Please see the print version.

FIGURE4 Theasymptoticbehavior of discovery likelihood as a function of the num-
ber of users. Adapted from “Sample sizes for usability studies: Additional consider-
ations” by J. R. Lewis, 1994, Human Factors, 36, pp. 368-378. Copyright 1994 by the Hu-
man Factors and Ergonomics Society, all rights reserved. Reprinted with permission.

oratory-based testing also has a tendency to find the high-severity usability prob-
lems first. However, in J. R. Lewis’s (1994) study of office applications, problem
discovery rates were the same regardless of problem impact rating, raising the
question of whether high-severity problems are always found first.

Inany case, the total number of usability problems found does level off asymptoti-
cally as the number of users increases. This means that the asymptotic level can be
thought of as a good approximation to the level of the ultimate criterion (after any
nonreal problems are removed). Thus, extending the usual laboratory-based usabil-
ity test to include several more users is a good, but expensive, choice for producing a
standard usability problem setfrom the target designas partofanactual criterion.

Union of usability problem sets. Another technique often used to produce a
standard usability problem set as a criterion for being real is the union set of all the
individual usability problem sets, as found by each of the methods being compared
(Sears, 1997). This approach has the advantage in that it requires no effort beyond
applying the UEMs being studied, but it has the drawback that it eliminates the pos-
sibility to consider validity as a UEM measure because the basis for metrics is not in-
dependent of the data. This drawback is explained further in Section 5.2 (Validity).

Comparing usability problem descriptions. Gray and Salzman (1998) cor-
rectly criticized just counting usability problems for UEM measures without deter-
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mining if some usability problems found overlap or duplicated others. A determi-
nation of overlap cannot be made, though, without an ability to compare usability
problem descriptions. Determining realness by comparing with a standard usabil-
ity problem set also requires comparison. Comparison requires complete, unambig-
uous usability problem descriptions that facilitate distinguishing different types of
usability problems.

This comparison is straightforward in abstract sets in which each element is un-
ambiguously identified by name or value. If x e Aand x € B, then the appearance of
x in A is identical to its appearance in B. However, usability problem sets from
UEMs are more difficult to compare because they involve enumerated sets in
which elements are represented by narrative problem descriptions and elements,
not by having a unique canonical identity.

Because usability problem descriptions are usually written in an ad hoc manner,
expressed in whatever terms seem salient to the evaluator at the time the problem is
observed, itisnot unusual for two observers to write substantially different descrip-
tions of the same problem. However, to perform set operations on usability problem
sets, one needs the ability to determine when two different usability problem de-
scriptions are referring to the same underlying usability problem. This kind of com-
parison of textual problem descriptions is usually done by expert judgment but is
subject to much variability. There is a need for a standard way to describe usability
problems, for a framework within which usability problem descriptions canbe more
easily and more directly compared. We are working onjustsuch a framework, called
the User Action Framework (Hartson, Andre, Williges, & van Rens, 1999).

4.2. Determining Realness by Expert Review and Judgment

Realness of usability problems can also be determined by review and judgment of
experts in which each candidate usability problem is examined by one or more us-
ability experts and determined by some guideline to be real or not. This technique
can also have the effect of accumulating a standard list, if the judgment results can
be saved and reused. This technique can also be combined with the techniques de-
scribed in the following sections to filter their standard usability problem lists, en-
suring that the results are, by this judgment, real.

Often designers of UEM studies find that the guidelines for realness to be used
in expert judgment are too vague or general to be applied reliably, and the judg-
ments can vary with the expert and other experimental conditions. This introduces
the possibility of a bias causing the usability problem lists of each UEM to be
judged differently. As an alternative, as we have described, experimenters seek a
standard usability problem list as a single standard against which to compare each
UEM’s output. However, this approach also involves judgment when it comes to
comparing each usability problem against the standard list.

4.3. Determining Realness by End-User Review and Judgment

Because usability is ultimately determined by the end user, not an expert evalua-
tor, realness of problems needs to be established by the user. Specific UEM proce-
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dures have been adopted to enhance realness criteria based on problems speci-
fied by real users.

Critical incidents. Often, verbal protocols provided by the user do not pro-
vide succinct problem descriptions. Del Galdo, Williges, Williges, and Wixon
(1986) modified the critical incident technique described by Flanagan (1954) to al-
low identification of events or phenomena occurring during task performance
that are indicators of usability problems, which are captured during formative
evaluation. Critical incidents in usability evaluations have been used in conjunc-
tion with expert-based and user-based UEMs for collecting usability problems ei-
ther in laboratory or in remote usability evaluations (Hartson, Castillo, Kelso,
Kamler, & Neale, 1996; Thompson & Williges, 2000). In addition, Neale, Dunlap,
Isenhour, and Carroll (2000) developed a collaborative critical incident procedure
that requires dialogue between the user and the expert evaluator to enrich the us-
ability problem specification. Reliably detecting critical incidents and translating
them into clear, consistent, and comparable usability problem descriptions re-
quires practitioner skill.

Severity ratings. The concept of realness of a candidate usability problem
was introduced as a way to distinguish trivial usability problems from important
ones in UEM studies. Although this simple test of problem impact is necessary, it
is not sufficient. A usability problem judged to be real can still have either only
minor impact on user satisfaction or it might have show-stopping impact on user
task performance. To further discriminate among degrees of impact, practitioners
have extended the binary concept of realness into a range of possibilities called
severity levels. Severity thus becomes another measure of the quality of each us-
ability problem found by a UEM, offering a guide for practitioners in deciding
which usability problems are most important to fix. The working assumption is
that high-severity usability problems are more important to find and fix than
low-severity ones. Thus, a UEM that detects a higher percentage of the high-se-
verity problems will have more utility than a UEM that detects larger numbers of
usability problems—but ones that are mostly low-severity (even though all prob-
lems found might be real by the definition used). There are numerous schemes
for subjectively determining severity ratings for usability problems. Nielsen
(1994) is a representative example. Rubin (1994) used a criticality rating combin-
ing severity and probability of occurrence. Hix and Hartson (1993a) used cost-im-
portance analysis to prioritize problems for fixing.

5. UEM PERFORMANCE MEASURES—APPLYING ACTUAL CRITERIA

Bastien and Scapin (1995) identified three measures for examining an evaluation
method: thoroughness, validity, and reliability. Sears (1997) also pointed out these
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same measures, giving them somewhat different operational definitions. These ba-
sic three measures are

e Thoroughness: Evaluators want results to be complete; they want UEMs to
find as many of the existing usability problems as possible.

¢ Validity: Evaluators want results to be “correct”; they want UEMs to find only
problems that are real.

* Reliability: Evaluators want results to be consistent; they want results to be in-
dependent of the individual performing the usability evaluation.

As a practical matter, we add a metric we call effectiveness, which is a combina-
tion of thoroughness and validity. Additionally, on behalf of practitioners who
must get real usefulness within tightly constrained budgets and schedules, we also
hasten to add cost effectiveness and downstream utility usefulness in the usability en-
gineering process after gathering usability problem data (e.g., quality of usability
problem reports in helping practitioners find solutions).

As Gray and Salzman (1998) pointed out, there is a need for multimeasure crite-
ria, not just one-dimensional evaluations. When a researcher focuses on only one
measure (e.g., thoroughness), it is unlikely that this one characteristic will reflect
overall effectiveness of the UEM. In addition to thoroughness and validity, re-
searchers may also be interested in reliability, cost effectiveness, downstream util-
ity, and usability of UEMs. Any of these issues could form the criteria by which re-
searchers judge effectiveness. Although it is nearly impossible to maximize all of
the parameters simultaneously, practitioners must be aware that focusing on only
one issue at the expense of others can lead to an actual criterion having significant
criterion deficiency.

First, the ultimate criteria must be matched to the goals of evaluation. The main
goal addressed by UEM evaluation is to determine which UEM is “best.” Beyond
that, we ask “Best for what?” Ultimate criteria should be selected with this more
specific question in mind. In effectiveness studies of UEMs, the objective should
then be to find those measures comprising actual criteria to best relate them to the
ultimate criteria. Thus, the measures are a way of quantifying the question of how
well a UEM meets the actual criteria.

5.1. Thoroughness

Thoroughness is perhaps the most attractive measure for evaluating UEMs. Thor-
oughnesshasarathernice analogy to the concept of recall in the field of information
storage and retrieval, a term that refers to a measure of retrieval performance of an
information system from a target document collection (Salton & McGill, 1983). As
an analogy, the document collection searched by an information system corre-
sponds to the target interaction design being evaluated and the information re-
trieval system corresponds to the UEM. Documents found by an information sys-
tem query correspond to usability problems found by a UEM. Recall is based on a
concept called relevance (reflecting a determination of relevance of a document to a
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query), analogous to the concept of realness in UEMs. Relevance is the criterion for
measuring precision and recall. Recall is a measure indicating the proportion of rel-
evant documents found in a collection by an information system to the total rele-
vant documents existing in the target document collection.

number of relevant documents found
Recall = - (1)
number of relevant documents that exist

Analogously, Sears (1997) defined thoroughness as a measure indicating the pro-
portion of real problems found using a UEM to the real problems existing in the tar-
get interaction design:

number of real problems found

Thoroughness =

)

number of real problems that exist

For example, if a given UEM found only 10 of the 20 real usability problems that
were determined to be in a target system (by some criterion yet to be discussed),
that UEM would be said to have yielded a thoroughness of 10/20 = 0.5. UEMs with
low thoroughness leave important usability problems unattended after investment
in the usability evaluation process.

Whatever method is used to determine realness, that method can also be consid-
ered a UEM, in this case a definitional UEM4 (A referring to “actual criteria”) that,
however arbitrarily, determines realness. The output of this so far undefined UEM
is considered the “perfect” yardstick against which other UEMs are compared.
When applied to the target interaction design, UEM4 produces a definitional us-
ability problem set, A, defining (again, however arbitrarily) the real problems that
exist in the design. If P is the set of usability problems detected by some UEMp be-
ing evaluated, then the numerator for thoroughness of UEMp is computed by an in-
tersection with the standard as in this equation:

P/
Thoroughness = M = u (3)
-

where P’ is the set of real usability problems found by UEMp and, if X is any generic
set, | X| is the cardinality of set X.

Weighting thoroughness with severity ratings provides a measure that would
reveal a UEM’s ability to find all problems at all severity levels. Such a measure can
be defined by starting with the definition of thoroughness of Equation 2

Thoroughness = number of real problems found

(4)

number of real problems that exist
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and substituting weighted counts instead of simple counts of problem instances

> s (1pfi)

Weighted Thoroughness = (5)
Zs (rpei)

where s(u) is the severity of an arbitrary usability problem u, rpf; is the ith real prob-
lem found by the UEM in the target system, and rpe; is the ith real problem that ex-
ists in the target system. This kind of measure gives less credit to UEMs finding
mostly low-severity problems than ones finding mostly high-severity problems.

However, for many practitioners who want UEMs to find high-severity prob-
lems and not even be bothered by low-severity problems, this kind of thorough-
ness measure does not go far enough in terms of cost effectiveness. For them, per-
haps the breakdown of thoroughness at each level of severity is better:

number of real problems found at severity level (s)
number of real problems that exist at severity level (s)

Thoroughness(s) = (6)

Practitioners will be most interested in thoroughness for high levels of severity
(high values of s) and can ignore thoroughness for low severity. Or a measure of the
average severity of problems found by a given UEM, independent of thorough-
ness, might be more to the point for some practitioners

> s (rpfi)

ave (UEMa) =
Savg A) number of real problems found by UEM4

@)

and this could be compared to the same measure for other UEMs or to the same
measure for the problems existing in the target system:

D s (rpei)

Savg (exist) =
g (exisH) number of real problems that exist

8)

The previous definition would identify UEMs good at finding the most impor-
tant problems, even UEMs that do not score the highest in overall thoroughness.

If researchers believe severity is important enough, they can include it in the ul-
timate and actual criteria as another way to enhance the criterion definition. By in-
cluding severity, researchers introduce the problem of finding an effective actual
criterion that captures “severity-ness” because there is no absolute way to deter-
mine the real severity of a given usability problem.

Researchers planning to use severity ratings as part of the criteria for comparing
UEMs, however, should be cautious. Nielsen (1994), using Kendall’s coefficient of
concordance, found interrater reliability of severity ratings so low that individual
ratings were shunned in favor of averages of ratings over groups of inspectors.
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Nielsen (1994) then used the Spearman—Brown formula for estimating the reliabil-
ity of the combined judgments and found the group ratings more reliable.

In any discussion of severity, it should be noted that not all users who encounter
a problem do so at the same level of severity. Indeed, severity of a usability problem
to a user can depend on many factors (e.g., user’s background, recent experience,
etc.) outside the interaction design and the UEM by which the problem was discov-
ered. A usability problem can block one user’s task performance, but another user
might recover quickly from the same problem. Thus severity rating is ultimately
the responsibility of the usability engineering practitioners, taking into account fre-
quency of problem detection, problem impact over the user community, and likeli-
hood of use of the corresponding part of the interface.

5.2. Validity

In general terms, validity is a measure of how well a method does what it is in-
tended to do. Validity also has a rather nice analogy in the field of information
storage and retrieval to the concept of precision, another measure of retrieval
performance of an information system from a target document collection (Salton
& McGill, 1983). Precision is also based on relevance of a document to a query,
analogous to the concept of realness in UEMs. Relevance is the criterion for mea-
suring precision. Precision is the proportion of the documents retrieved by an in-
formation system that are relevant:

.. number of relevant documents found
Precision = - 9)
total number of documents retrieved

Analogously, Sears (1997) defined validity as a measure indicating the propor-
tion of problems found by a UEM that are real usability problems:

Validity = number of real problems found

10
number of issues identified as problems 10

Validity and thoroughness can be computed using the same data—usability
problem sets generated and the realness criterion. For example, a UEM that found
20 usability problems in a target system, of which only 5 were determined (by crite-
ria yet to be discussed) to be real, would have a validity rating in this case of 5/20 =
0.25. UEMs with low validity find large numbers of problems that are not relevant
or real, obscuring those problems developers should attend to and wasting devel-
oper evaluation, reporting, and analysis time and effort.

As mentioned previously, computing validity in terms of sets, we get

\pmA\_@

Validity = P = P

(11)
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In Section 4.1, we explored the union of usability problem sets produced by all
UEMs being compared as a standard set of existing real usability problems. This
technique yields a better thoroughness measure if the number of methods being
compared is relatively large, increasing confidence that almost all the real problems
have been found by at least one of the methods. However, one negative effect of
this approach is to eliminate validity as a metric, an effect we feel is important
enough to all but preclude the union of usability problem sets as a viable approach,
as we explain next.

Suppose a UEM comparison study were conducted to compare UEMp,
UEMg, and UEMR. Let P(X) be the usability problem set found in interaction de-
sign X by UEMp and so on for UEMg and UEMk. In this approach, the union of
the output sets of the UEMs being evaluated is used as the output of a standard
method, UEMuy:

A(X) = P(X)UQ(X)UR(X) (12)

Thus, even though most of these studies do not say so explicitly, they are using
this union as the basis of an actual criterion. The number of usability problems in
this union is bounded by the sum of cardinalities of the participating usability
problem sets:

[AX)] =[P(X)UQX)URX)| < [P(X)|+|Q(X)|+[R(X)| (13)

Unfortunately, problems that might be identified by some other approach to be
not real are all included in this union, decreasing validity. However, this approach
to an actual criterion, by definition, prevents any possibility of detecting the re-
duced validity. Applying Equation 11 to design X

Validity of UEM, = P(XI))&’;‘(}Q (14)

Because A(X) is a union containing P(X), P(X) is a proper subset of A(X) and
nothing is removed from P(X) when it is intersected with A(X). Thus

Validity of UEM, = 1138((; (15)

which is identically equal to 1.0.

In other words, this approach guarantees that the intersection of the UEM us-
ability problem set and the standard usability problem set (the union) will always
be the UEM usability problem set itself. This means that all usability problems de-
tected by each method are always considered real and validity is 100% for all par-
ticipating methods!
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5.3. Effectiveness

As mentioned in the previous two sections, thoroughness and validity have rather
nice analogies to the concepts of recall and precision, metrics for information re-
trieval performance based on the criterion of relevance of a document to a query.
Just as neither precision nor recall alone is sufficient to determine information sys-
tem retrieval effectiveness, neither thoroughness nor validity alone is sufficient for
UEM effectiveness. For example, high thoroughness alone allows for inclusion of
problems that are not real, and high validity alone allows real problems to be
missed. It is possible to capture the simultaneous effect of UEM thoroughness and
validity in a figure of merit that we could call effectiveness, defined simply as the
product of thoroughness and validity:

Effectiveness = Thoroughness x Validity (16)

Effectiveness has the same range of values as thoroughness and validity, from 0
to 1. Where either thoroughness or validity is low, effectiveness will be low also. If a
UEM achieves a high thoroughness but at the cost of low validity (or vice versa),
this kind of effectiveness measure will be reduced, reflecting a more balanced over-
view of UEM performance.

However, in information retrieval there are often good reasons to prefer an em-
phasis of either precision or recall over the other measure. For example, users are
often focused on finding what they are looking for, even at the cost of having to sort
through some irrelevant items retrieved. Manning and Schutze (1999, pp. 269-270)
described a weighted combination of precision and recall called the F measure, a
variation of van Rijsbergen’s (1979, p. 174) E measure

Ee 1
" o(1/P)+(1-a)(1/R)

(17)

where P is precision, R is recall, and o is a factor that determines the weighting of
precision and recall. Avalue of o= 0.5is often chosen for equal weighting of P and R.
With this o value, the F measure simplifies to 2PR/(R + P).

Similarly, the goal of UEM usage is to find usability problems, and evaluators
are often willing to accept the cost of sorting through a certain number of false
positives to achieve a reasonable level of thoroughness. Thus, a weighted measure
for UEM performance could be defined as

1
F =
o1/ Validity) + (1 —o)(1/ Thoroughness)

(18)

where, again, o is the factor used to set the weighting between thoroughness
and validity.
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Several authors, such as Gray and Salzman (1998), have alluded to the concepts
of hits, misses, false alarms, and correct rejections in the context of UEM outputs,
concepts closely related to thoroughness, validity, and effectiveness. These con-
cepts originated with hypothesis testing error types explained in most modern
books on statistics or experimental research (for example, Keppel, 1991, or Winer,
Brown, & Michels, 1991) and adapted for signal detection theory (Egan, 1975;
Swets, 1964). Further adapting this terminology to usability problem detection, we
can identify four cases, as shown in Figure 5, to describe the accuracy of a UEM
with respect to the realness of the problems it detects, as determined by some actual
criterion, A.

High thoroughness is achieved in a UEM by realizing most of the correct hits
and by avoiding most of the Type Il errors (misses). Similarly, high validity of a
UEM derives from avoiding most of the Type I errors (false alarms) and realiz-
ing most of the correct rejections. False alarms do not affect thoroughness, but
do detract from validity. Misses do not affect validity but do detract from thor-
oughness. The intersection in the center and the area outside both ovals repre-
sents the areas of highest effectiveness, where the UEM is in agreement with the
actual criterion.

Gray and Salzman (1998) said that because we do not have access to truth, a
diagram such as Figure 5 is misleading. This is true but is exactly why we use ac-
tual criteria in experimental design. Figure 5 is only about how performance of a
UEM compares with the actual criteria. As discussed in Section 3, the question of
truth or faithfulness of the actual criteria to the ultimate criteria is isolated in the
part of the process where actual criteria are selected and such questions are
out-of-bounds in the discussion of Figure 5. Once established, actual criteria lib-
erate the experimenters from concern about this kind of truth—that is, from the
question of how well the output of a UEM matches the truth about real problems
existing in a given target system. The point of having actual criteria is to isolate
this question of truth to be an issue only between the ultimate criterion and the

Correct rejections by
P A UEM,; (outside
circles)

Type 1 errors

Type 1II errors

(false correct (misses) by
alarms) by hits by UEM
UEM, UEM, F

FIGURES5 Venn diagram of comparison of a UEM, usability problem set against ac-
tual criterion set A.
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actual criterion and restrict it to the domain of actual criteria selection, as de-
scribed in Section 2. We do the best we can at establishing a suitable actual crite-
rion, which then stands instead of the ultimate criterion (truth) and becomes the
standard for determining realness of usability problems for the study. During a
UEM study, this question of truth (how well a UEM or the actual criterion ap-
proximates the ultimate criterion) is not applicable, and the study can be per-
formed without the need to look beyond the actual criterion for truth. The ques-
tion of truth during a UEM study is, rather, about how well a UEM matches the
actual criterion. We do have access to that truth, and that is what is shown in Fig-
ure 5. If a better approximation can later be found to the truth of the ultimate cri-
terion, researchers can return to the step of selecting an actual criterion and stud-
ies can be repeated.

5.4. Reliability

Reliability of a UEM is a measure of the consistency of usability testing results across
different users of the UEMs (evaluators). Usually it is desirable that UEM output be
evaluator independent. Pearson’s 7 is an index that describes the extent to which
two sets of data are related. This has been used as a measure of reliability in the con-
text of usability problem sets (Nielsen, 1994). From our own experience, we believe
agreement is more useful than correlation for this kind of reliability measure.

As a formal measure based on agreement, reliability is an index of agreement
between two or more sets of nominal identification, classification, rating, or rank-
ing data. Cohen’s (1960) kappa is one example of a reliability measure. Kappa is a
measure of the proportion of agreement beyond what would be expected on the
basis of chance. Kappa has an approximately normal distribution and can be
used to test the null hypothesis of no agreement beyond the chance level. Co-
hen’s original kappa ranged from -1 to +1, but negative values for kappa do not
correspond to reality in our application—where kappa is, therefore, scaled be-
tween 0 and 1, with 0 corresponding to only chance agreement and 1 correspond-
ing to perfect agreement. Although the original concept of kappa is limited to as-
sessing agreement between two participants, an extension (Fleiss, 1971) permits
comparing agreement among several participants. The extension also produces a
kappa value between 0 and 1 and allows testing for agreement by reference to
the normal distribution.

There are other ways to compute a reliability measure. Sears (1997) measured re-
liability by using the ratio of the standard deviation of the number of problems
found to the average number of problems found. Nielsen (1994) also used Kend-
all’s coefficient of concordance to assess agreement among evaluators making se-
verity ratings.

Although it is usually desirable for UEM results to be consistent or reliable
across different individual users, the goals for developing a UEM and the ecologi-
cal validity of a study for evaluating it will depend on how the UEM is used. Be-
cause a UEM typically gives low thoroughness for an individual inspector (e.g., an
approximate average of 30%; Nielsen, 1994; Virzi, 1990, 1992; Wright & Monk,
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1991), UEMs are usually applied by a group of inspectors and the individual results
merged (Nielsen, 1994). If that is how a UEM is used in practice, a realistic compari-
son study of such methods should be based on group results. Individual results
might still be of interest in understanding and tuning the method, but for purposes
of comparing UEMs, method performance measures (such as thoroughness and re-
liability) and method cost for this kind of UEM should be represented by its appli-
cation within groups rather than by individuals.

This situation also illustrates how UEM developers must approach their goals
with care. In most UEMs, low individual reliability means high variability among
evaluators, which means that merging results over a group of evaluators will give
higher overall thoroughness. The high variability across individual inspectors
gives breadth to the union of results.

Although it is reasonable for tool developers to aspire to improve individual in-
spector reliability by standardizing the inspection process, the standardization can
remove the individual variability without improving the individual detection rate,
which has the undesired side effect of reducing group thoroughness. If the UEM
(particularly inspection method) designers achieve higher individual reliability by
narrowing the view of inspectors to some standard guidelines or heuristics and a
standard way to apply them, in effect pointing all the inspectors down the same path,
it could result in cutting off the broadening effect of individual variation. Thus, it is
probably better for UEM developers to strive for higher thoroughness first, and often
reliability—at least group reliability—will improve as well in the process.

5.5. Downstream Utility

John and Marks (1997) stand almost alone in their consideration in a UEM study of
downstream utility (usefulness in the overall iterative usability engineering process
after usability data gathering) of UEM outputs, which depends on the quality of us-
ability problem reporting. We agree with exploring downstream utility and with
the quality of usability problem reports as important facets of the overall usability
engineering process. John and Marks described evaluating the downstream ability
of UEM outputs to suggest effective redesign solutions through usability testing of
the redesigned target system interface. This approach has the laudable objective of
finding the UEMs that add value or utility in the change process, but inclusion of a
more extensive process with high variability brings into question the feasibility of a
controlled study of this effect. The iterative cycle of interaction design and redesign
is anything but a well-specified and consistent process, depending greatly on team
and individual skills, experience, and project constraints. Also, the quality of prob-
lem reports is not necessarily an attribute of just the UEM. Many UEMs are designed
to detect usability problems, but problem reporting is left to the evaluators using the
UEM. In such cases, problem report quality will vary greatly according to the skills
of the individual reporter at communicating complete and unambiguous problem
reports. Further, usability practitioners do not usually fix all problems found by
UEMSs. A process leading to fixing the wrong problems, even if with high-quality
fixes, might not be most cost effective. In sum, including steps to make the design
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changes suggested by a UEM and to retest the resulting usability is commendable in
UEM studies, but it bears more development.

For UEM studies, we suggest separating (when possible) the treatment of prob-
lem reporting and redesign from the basic comparison of UEM performance such
as thoroughness and validity, treating UEMs as only functions that produce usabil-
ity problem lists. The important functions of usability problem classification and
reporting and of finding redesign solutions can be treated as separate processes.
This approach would give researchers the best chance to match up the best UEM
for detecting valid problems with the best techniques for classification, reporting,
and connecting to design features.

Researchers who have studied usability problem extraction, description, and
classification (Hartson et al., 1999; Lavery, Cockton, & Atkinson, 1997) have made
just this kind of separation: regarding these as separate functions of usability engi-
neering support tools for classification and reporting, used in conjunction with
UEMs. In fact, most methods for problem description and reporting are independ-
ent of the evaluation method and can be used with any UEM.

Perhaps an alternative way to evaluate postusability-testing utility of UEM out-
puts is by asking real-world usability practitioners to rate their perceptions of use-
fulness of problem reports in meeting their analysis and redesign needs within the
development cycle for the interaction design in their own real development envi-
ronment. This kind of approach would, of course, have to be validated by the kind
of study John and Marks (1997) reported.

5.6. Cost Effectiveness

Just as the ultimate criterion for evaluating a military plane depended on its perfor-
mance in real battles under real battlefield conditions, we have defined the ultimate
criterion for UEM performance in terms of how well it detects or identifies real us-
ability problems in real interaction designs. For many that is the end of the story, but
the people who make buying decisions for military planes know there is more. To
them, the real criterion for the airplane is to win battles but to do so at the lowest cost
in dollars, human lives, and collateral damage. We see the same story in usability
practice. For practitioners, the goal is to find real usability problems, to do so with
maximum effectiveness, and to do it at the lowest cost possible. To capture this prac-
tical consideration, we include cost (e.g., cost to learn and cost to use a UEM) as a
metric. Combining cost with our effectiveness metric also yields cost effectiveness, a
measure of efficiency.

Good choices for actual criteria would then take efficiency into account. Of
course efficiency, in terms of cost and performance, must be defined quantifiably to
be compared. As an example, one can combine our effectiveness measure in a quo-
tient with cost to yield cost effectiveness of UEM usage. Cost can be measured as a
function of method or tool use, including the fixed overhead of learning a method
or tool combined with variable time and effort of applying it. Perhaps the biggest
difficulty in getting a measure one can have confidence in is in estimating cost
quantitatively and doing it accurately and consistently.



Evaluating Usability Evaluation Methods 399

6. REVIEW OF UEM STUDIES

In the spirit of the Gray and Salzman (1998) review of UEM comparison studies, our
own research interests led us to explore the relative benefits of various experimental
techniques used in UEM comparison studies. We initially approached UEM com-
parative studies through the use of meta-analysis techniques, attempting to accu-
mulate experimental and correlational results across independent studies. For this
effort, we used several criteria to ensure that selected studies were comparable and
within the focus of the meta-analysis. The criteria we used were

¢ The study must involve software usability evaluation.

* A comparison must be made in this as a study of UEMs, using labora-
tory-based testing with users as a standard of comparison.

* Summary statistics must be reported in the study such that effect sizes can be
calculated. Relevant statistics include percentages of problems (of the total)
detected by any one UEM (thoroughness) and validity scores.

As soon as we began the meta-analysis process, we realized that a significant
majority of the comparison studies in the HCI literature on UEM effectiveness
did not provide the descriptive statistics needed to perform a meta-analysis. This
confirms the Gray and Salzman (1998) concern with statistical conclusion validity
of five popular UEMs in which formal statistical tests were often not included. In
addition, many studies did not compare their results to a standard such as labo-
ratory-based testing with users. UEM comparison studies also varied signifi-
cantly in terms of the criteria used to make comparisons. Criteria included mea-
sures that ranged from cost effectiveness to thoroughness, with only a few
studies consistently using the same criterion for comparisons. This incomplete-
ness and inconsistency present barriers to meta-analysis, perhaps symptoms of a
field that is still very young. In the end, we had to relax our own criteria for se-
lecting studies, giving up on meta-analysis in favor of a descriptive summary of
key studies.

We were able to find 18 studies that we could identify as featuring a compari-
son of UEMs in terms of thoroughness or validity or both. The comparisons were
usually among UEMs or among different usage conditions for a single UEM (e.g.,
applied to different software systems). The 18 studies we identified do not repre-
sent the entire population of UEM comparison studies. A full analysis of UEM
comparison studies would also embrace such issues as severity, experts versus
nonexperts, teams versus individuals, cost, guidelines versus no guidelines, and
so forth. However, the 18 studies we selected allowed us to make some conclu-
sions based on issues discussed in earlier sections of this article. A summary
comparison of these 18 studies is provided in Table 1, as adapted from Andre,
Williges, and Hartson, 1999.

A majority of the UEM comparison studies (14) used the thoroughness measure
for comparison. Examining the thoroughness studies in closer detail, we found
7 studies specifically comparing the heuristic evaluation technique with other
UEMSs. The heuristic evaluation technique was reported as having a higher thor-
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Table 1: Summary of UEM Effectiveness Studies

Methods
Study (Subjects) Thoroughness Validity Notes
Bastien & Scapin (1995) EC (10) EC>NM e NM, participants just listed problems
NM (10) EC (M =89.9,5D =26.2) without a method guiding them
NM (M =77.8,SD =20.7) e Study provided M, SD, and p values
p<.03
Bastien, Scapin, & Leulier (1996) EC (6) EC > ISO/NM e Study provided M, SD, and p values
1SO (5) EC (M =862, SD = 12.7)
NM (6) ISO (M =61.8, SD = 15.8)
NM (M =62.2, SD = 13.8)
p<.01
Beer, Anodenko, & Sears (1997) CW (6) TA > CW e TA > CW for major, minor, and
TA (6) p <.001 cosmetic problems
Cuomo & Bowen (1992) HE (2) GR>HE >CW CW > HE > GR * Not reported: M, SD, and p values
Cuomo & Bowen (1994) CW (2) CW (58%) ® CW: Team approach
GR (1) HE (46%)
GR (22%)
Desurvire, Kondziela, & Atwood (1992)  HE (3) HE > PAVE > CW * Not reported: SD and p values
Desurvire & Thomas (1993) CW (3) HE (44%) e PAVE improved DV and NE
PAVE (3) PAVE (37%) performance
UT (18) CW (28%)
Doubleday, Ryan, Springett, & Sutcliffe, ~ HE (5) HE > UT e Not reported: M, SD, and p values
(1997) UT (20) HE (86) * 39% of UT problems not identified by
UT (38) HE
* 40% of HE problems not identified by
UT
Dutt, Johnson, & Johnson (1994) HE (3) HE > CW e Not reported: percentage, M, SD, and
CW (3) p values
Jeffries, Miller, Wharton, & Uyeda HE (4) HE > CW/GR > UT * Not reported: SD
(1991) CW (3) HE (50%) e HE also found highest number of least
GR (3) CW (17%) severe problems
UT (6) GR (17%) * CW and GR essentially used a team of

UT (16%)

three people, not individuals
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John & Marks (1997) CA(1) HE > SPEC > GOMS >CW >CA> CW>SPEC >GOMS e Not reported: SD and p values
CW (1) CA>UAN >HE > CA/UAN ¢ Validity here is the number of
GOMS (1) HE (31%) CW (73%) problems changed by developer
HE (1) SPEC (24%) SPEC (39%)
UAN (1) GOMS (16%) GOMS (30%)
SPEC (1) CW (15%) HE (17%)
CA (0.08%) CA/UAN (0%)
UAN (.06%)
John & Mashyna (1997) CW (1) CW (5%) * Not reported: M, SD, and p values
UT (4) e Case study approach
C.-M. Karat, Campbell, & Fiegel (1992) W (6) UT>TW >IW * Not reported: Percentage and SD
TW (6) p <.01 * Walk-throughs essentially used
UT (6) heuristics for evaluation
¢ Evaluated two different systems, but
did not characterize the difference
between the two systems
Nielsen & Molich (1990) HE (various) = HE problems found: 20%-51% (M) * Not reported: SD and p values
¢ Compared different systems using HE
Nielsen (1990) TA (36) TA found 49% (M) of e Not reported: SD and p values
problems
Nielsen (1992) HE (overall) HE overall average across six * Not reported: SD
systems was 35% * Nielsen collapsed six HE studies
Sears (1997) HE (6) HE > HW > CW (combining four HW > CW > HE e UT used to determine actual problems
CW (7) or five evaluators) ® No M or SD reported for
HW (7) Hardware > HE > CW (combining thoroughness or validity
two or three evaluators)
Virzi, Sorce, & Herbert (1993) HE (6) HE > TA >UT * Not reported: SD and p values
TA (10) HE (81%)
UT (10) TA (69%)
UT (46%)
Virzi (1990) TA (20) TA found 36% (M) of e Not reported: SD and p values
problems
Virzi (1992) TA (12) M =32%,5D = .14 ® Reported overall detection rate for
individuals
Note. EC = ergonomic criteria; NM = no method; ISO = International Organization for Standards; CW = cognitive walk-through; TA = thinking aloud; HE = heuristic

evaluation; GR = guidelines review; PAVE = programmed amplification of valuable experts; DV = Developers; NE = Nonexperts; UT = usability laboratory test; CA =
claims analysis; SPEC = reading the specification; GOMS = goals, operators, methods, and selection rules; UAN = user action notation; IW = individual walk-through
(essentially used heuristics, not CW process); TW = team walk-through (essentially used heuristics, not CW process); HW = heuristic walkthrough.
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oughness rating in 6 out of these 7 studies (85.7%). Thus, a natural conclusion from
the thoroughness criterion is that heuristic evaluation appears to find more prob-
lems than other UEMs when compared head-to-head, and such a conclusion is of-
ten reported in the literature with only a few exceptions. However, many of these
studies use a somewhat loose definition of thoroughness based only on a raw count
of usability problems found. If these studies had used the tighter definition of thor-
oughness we have presented in this article, in which only real usability problems
count toward the thoroughness measure, thoroughness results might have been
somewhat, but probably not greatly, different. Inclusion of the realness criterion in
the validity measure would penalize the heuristic method for the relatively high
rate of false alarms and low-impact problems it was reported to identify.

On the other hand, use of the validity measure in these studies was disappoint-
ing, in general, offering mixed results in terms of identifying a particular UEM that
might be more effective for finding problems that impact real users. Many of the
studies we reviewed did not explicitly describe how the validity measure was cal-
culated, especially in terms related to a standard such as laboratory-based testing
with users.

Because very few studies provided the appropriate descriptive statistics, a ro-
bust meta-analysis was nearly impossible. Researchers counting “votes” may be
able to conclude realistically that the heuristic evaluation method finds more prob-
lems than other UEMs. It would be more profitable to be able to conclude that a
particular UEM has the highest effectiveness (per our definition in Section 5.3) and
therefore finds just those problems that impact users in real work contexts. Such a
conclusion can only be made when the criteria we use to measure effectiveness are
relevant to the real work context, highlighting the need for the usability research
community to consider carefully the criteria they use in UEM studies.

7. OTHER CONSIDERATIONS IN UEM STUDIES

7.1. UEM Comparison Experiments Should Focus
on Qualitative Data Gathering Abilities

As we said in Section 1.4, formative evaluation is evaluation to improve a design
and summative evaluation is evaluation to assess a design. UEMs are for gathering
qualitative usability data for formative evaluation of interaction design usability.
However, as we also mentioned in Section 1.4, some formative UEMs (e.g., labora-
tory-based usability testing) have a component with a summative flavor in that they
also gather quantitative usability data. However, these quantitative data are not in-
tended to provide the statistical significance required in summative evaluation.

The real work of UEMs is to support formative usability data gathering by find-
ing usability problems that can be fixed in an iterative redesign process to achieve
an acceptable level of usability. UEM studies should focus solely and explicitly on
the ability to gather this qualitative data (e.g., usability problem sets). It is neither
feasible nor useful to attempt to compare UEM quantitative data gathering abilities
for two main reasons:
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* Quantitative data gathered depends on usability goals, such as error avoid-
ance in safety critical systems, walk-up-and-use performance, and ease of learning
in public installations, engagement in video games, or long-term expert perfor-
mance in complex systems. Thus, data gathered can vary independently of the
UEM used.

* Quantitative data (e.g., about user task performance) gathering abilities are
not usually an inherent part or unique feature of a UEM. Quantitative data repre-
sent such variables as time on task, error counts, and user satisfaction scores, all of
which are measured in essentially the same way more or less independently of the
UEM being used.

Unfortunately, there is confusion about this point. For example, Gray and Salz-
man (1998) cited, as a drawback of some UEM studies, that “it is not clear that
what is being compared across UEMs is their ability to assess usability” (p. 206).
Yet in fact, because of the previously mentioned two points, the ability to assess
usability is not compared in UEM studies because quantitative data gathering
abilities are not comparable. None of the studies Gray and Salzman cited at-
tempted to compare how well UEMs collect quantitative data. In fact, many of
the UEMs studied (most inspection methods) do not even produce quantitative
user performance data.

Thus, bringing quantitative usability data into discussions of UEM comparisons
can add confusion. An example of this potential confusion is seen in this statement
by Gray and Salzman (1998):

When an empirical UEM is used to compare the usability of two different interfaces on
some measure(s) of usability (e.g., time to complete a series of tasks) the results are
clear and unambiguous: The faster system is the more usable (by that criterion for us-
ability). (p. 206)

First of all, per the previously mentioned points, this statement is out of place in a
discussion about experimental validity of UEM studies because it is about an exper-
imental comparison, ostensibly by a UEM being used summatively, of usability be-
tween two systems. “Clear and unambiguous” comparison results can come only
from a UEM being used for summative evaluation of the interfaces, but the context
is about UEMs for formative usability evaluation.

Although qualitative usability data as collected by UEMs are central to UEM
studies, readers of Gray and Salzman (1998) could be left with a feeling of ambi-
guity about their importance. In fact, Gray and Salzman said that “none of the
studies we reviewed report systematic ways of relating payoff problems to intrin-
sic features; all apparently rely on some form of expert judgment” (p. 216). How-
ever, that connection of user performance to causes in usability problems is pre-
cisely what one gets from qualitative data produced by a UEM. Usability
problem lists and critical incidents or verbal protocol data provide relations (at-
tributions of cause) to intrinsic features for observed problems in payoff perfor-
mance. Evaluators using a UEM may not always get the causes correctly, and
they may not always be able to associate a specific cause with a specific short-
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coming in performance, but each real usability problem in the output list is po-
tentially the cause of some payoff problem.

7.2. Limitations of UEM Studies

Gray and Salzman (1998) suggested the value of the experimental approach to pro-
vide strong tests of causal hypotheses—strong inferences about cause and effect.
With proper experimental design for internal validity, one can be sure that a differ-
ence in the independent variable (the treatment) is, indeed, the cause of an observed
difference in the dependent variable. However, the concern noted by Gray and
Salzman regarding the strength of possible inference about causality is very diffi-
cult to resolve in the case of UEM studies in which one is comparing one UEM
against another that is potentially entirely different. The differences are far too
many to tie up in a tidy representation by independent variables, forcing us to com-
pare apples and oranges (J. Karat, 1998).

Monk (1998), in his capsule of the uses and limitations of experimental methods,
pointed out that experimental studies are intended for deciding small questions
among apples and apples, not grand cross-fruit questions such as deciding what
UEM to use and why one is better. When the only independent variable that can be
isolated in a treatment is the choice of UEM used, it means a black box view of the
UEMs is being used, precluding the possibility of even asking the causality ques-
tion about why one UEM was better. Causality questions cannot go into more de-
tail than the detail represented by the independent variables themselves.

The black box view of a UEM highlights the fact that the only thing the UEMs
can be relied on to have in common is that they produce usability problem lists
when applied to a target interaction design (the essential characteristic of a UEM
pointed out in Section 1.3). This fact heavily influences the possible choices for
UEM performance measures. In essence, it means that an actual criterion to evalu-
ate how well various UEMs produce these lists will have to be based on something
revealed in the quality of those lists (e.g., realness) quantified within measures of
that usability data.

Although the narrow black box view of UEMs does make comparisons of basic
performance measures tractable, it does ignore other aspects and characteristics
that could be important distinguishers between UEMs. It is appropriate, for exam-
ple, to adjust the conditions for UEM application or to adjust the criteria for validity
(realness) of usability problems detected. In other words, it is appropriate for
UEMs with special talents to compete for attention in a correspondingly tailored
arena, as long as (as Gray & Salzman, 1998, pointed out) the ground rules and con-
ditions are the same for each UEM and are made clear in any report of the results.
For example, if a given UEM is good at focusing an evaluation instance to narrow
the scope of the inspection to just meet evaluation needs at a certain stage of prod-
uct development, it might represent a cost savings over another UEM that would
force broader than necessary inspection at that same juncture in development. This
would be a fair, albeit narrow, comparison of apples and apples or at worst apples
compared with oranges trying to act like apples—which is acceptable if practitio-
ners do, in fact, need apples today.
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7.3. Classification of Usability Problems for Structured Descriptions

Because classification aids description, some researchers are developing usability
problem classification schemes to support more uniform problem description. As
Gray and Salzman (1998) pointed out, “one would think our discipline would al-
ready have a set of common categories for describing our most basic concepts in
usability, but no standard categories yet exist.” Gray and Salzman encountered
three types of classification in the studies they reviewed: categories created in the
course of a study to account for data collected, lists of attributes from the litera-
ture, and one by Cuomo and Bowen (1994) based on theory. Lavery et al. (1997)
and Cockton and Lavery (1999) also found they needed a classification scheme to
compare and match problems predicted by analytic methods to problems ob-
served by empirical methods. The Cockton and Lavery framework for structured
usability problem extraction is aimed at quality usability problem description
and reporting through reliable problem extraction.

Like Cuomo and Bowen (1994), we have followed the path blazed by Norman
(1986) with his seven-stages-of-action model of interaction and have developed a
detailed classification framework of usability attributes called the User Action
Framework (Hartson et al., 1999) with which to classify usability problems by
type. Often usability problems with underlying similarities can appear very dif-
ferent on the surface and vice versa. The User Action Framework allows usability
engineers to normalize usability problem descriptions based on identifying the
underlying usability problem types within a structured knowledge base of us-
ability concepts and issues. The User Action Framework provides a highly reli-
able (Andre, Belz, McCreary, & Hartson, 2000) means for a detailed classification
of usability problems by a hierarchical structure of usability attributes, locating a
usability problem instance very specifically within the usability or design space.
The set of attributes, determined a node at a time along a classification path, rep-
resents a kind of “canonical encoding” of each usability problem in standard us-
ability language.

7.4. Usability

We find it interesting that very little of the UEM evaluation literature, if any, men-
tions UEM usability as a UEM attribute or comparison measure. Perhaps we, as us-
ability researchers and practitioners, should apply our own concepts to our own
tool development. Surely UEM usability is a factor in determining its cost to use
and, therefore, ought to be part of a criterion for selecting a UEM.

8. CONCLUDING DISCUSSION

Although categories of UEMs are becoming somewhat well defined in the HCI dis-
cipline, techniques for evaluating and comparing UEM effectiveness are not yet
well established. We believe it is possible to develop stable and consistent criteria
for UEM effectiveness. Thoroughness, validity, and reliability appear to form the
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core of criterion measures researchers should continue to investigate. Thorough-
ness and validity measures must take into account the question of usability problem
realness, and laboratory-based testing with users appears to be an effective way to
provide a standard set of real usability problems. Although not an exact replication
of real work contexts, user-based laboratory testing can provide a good indication
of the types of problems that actually impact users, given a broad enough range of
scenarios of use and appropriate participant heterogeneity. Another possibility for
researchers is to push for examining problems that real users do encounter in
real-world contexts, using field studies and remote usability evaluation (Hartson &
Castillo, 1998). Although this kind of usability data is very useful to practitioners,
the main difficulty with these methods for researchers is the lack of controls on tasks
users perform, leading to an inability to compare results among such UEMs.

We also believe that both usability researchers and usability practitioners will
benefit from methods and tools designed to support UEMs by facilitating usability
problem classification, analysis, reporting, and documentation, as well as usability
problem data management (Hartson et al., 1999). In the context of UEM evaluation,
we regard a reliable usability problem classification technique as essential for com-
paring usability problem descriptions, required at more than one point in UEM
studies, although this use of problem classification will probably be more useful to
researchers studying UEMs than to practitioners trying to use UEMs to improve
systems. We also regard problem classification as very useful for practitioners too,
if it can help isolate the cause and possible solutions.

Finally, researchers should consider ways to reduce criterion deficiency and cri-
terion contamination. We believe the easiest way to reduce criterion deficiency is
through the use of several measures in the actual criterion, each focusing on a dif-
ferent characteristic of the UEM. In addition, it may be possible to examine how
multiple measures can be combined into a composite measure that has a stronger
relation to the ultimate criteria.

At this point in the HCI field, it appears to be nearly impossible to do an appro-
priate meta-comparison of usability studies. We believe there are two reasons that
contribute to the challenge of comparing UEMs. First, the field of UEMs is young
compared to social science disciplines in which baseline studies are frequently per-
formed. Because of its youth, baseline comparative studies are still almost nonexis-
tent. Second, the methods for usability evaluation themselves are not stable. In fact,
they continue to change because human—computer systems, their interaction com-
ponents, and their evaluation needs change rapidly, requiring new kinds of UEMs
and constant improvement and modifications to existing UEMs.

It was our objective in this article to help alleviate the problems of variation, in-
completeness, and inconsistency in UEM evaluation and comparison studies. Stud-
ies often suffer from the apples and oranges problem, mixing different factors that
cannotbe compared. We limited the scope to include only UEMs intended for forma-
tive usability evaluation. Many UEM studies are based on metrics, without a firm as-
sociation with comparison criteria. We urged careful attention to comparison crite-
ria—both by researchers who perform UEM evaluation and comparison studies and
by practitioners who use the results of those studies—and we explored the consider-
ations for, and the consequences of, actual criteria selection. Many existing studies of
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UEMs seem to be done without understanding of (or at least are reported without
discussion of) the alternatives for establishing realness of usability problems found
by the UEMsbeing studied. We highlighted the central role that usability problemre-
alness plays in criteria and suggested the advantages and pitfalls of various ways to
determine realness of usability problems found by UEMs being studied.

UEM performance measures used in comparison studies are often ill defined
and narrow in scope. Established measures are often used without discussion of
their meaning in the context of a study, especially their significance to practitioners
trying to decide among alternative UEMs. We attempted to broaden and structure
understanding of UEM performance measures, to look at what each measure
means for the practitioner, and to show how different measures are required for dif-
ferent criteria and different goals for use.

We think of these suggestions and definitions not as the final word, but more as a
point of departure for more discussion and collaboration in bringing more science
to bear on UEM development, evaluation, and comparison. Finally, we illustrated
our points with a brief review of selected UEMs studies.
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