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Usability
Evaluation

In the mid-1980s, Digital £quipment Corporation was among the first software compa-
nies to define methods for usability engineering. During development of the MicrovVMS
Workstation Software for the VAXstation |, the usability professionals on the team
defined a set of measurable user performance objectives to guide the development
process. A central benchmark task was designed in which representative users created,
manipulated, and printed the contents of windows. The usabiity objective was to
reduce performance time on the benchmark task by 20% between version 1 and ver-
sion 2 of the system. As development proceeded, measurements of users’ performance
on several related subtasks were made to identify areas of greatest usability concern in
the design of version 1. The usabiiity problems having the fargest impacts on perfor-
mance were used to prioritize changes and guide the redesign of version 2. In the end
the team exceeded their objective, improving performance time on the benchmark task
by 37%, while staying within the originally aflocated development resources. Interest-
ingly, however, measurad user satisfaction for version 2 declined by 25% relative to
version 1. {See Good, et al. 1986).

A usability evaluation is any analysis or empirical study of the usability of 2 pro-
totype or system. The goal of the evaluation is to provide feedback in software
development, supporting an iterative development process (Carroll & Rosson
1985; Gould & Lewis 1985). Insightful requirements and inspired designs create
new possibilities for humans and for their organizations. But there are many
ways that goals and plans for new technelogy can go awry. Despite best efforts
and scund practices, the original goals for the system may not in fact be
achieved. The system may not be sufficiently useful, it may be too difficult to use
or 1o learn, or using it may not be satisfying, More profoundly, the original
project goals may have been successfully achieved, but they may turn out to be
the wrong goals. Usability evaluation helps designers recognize that there is a
problem, understand the probiem and its underlying causes in the software, and
pian changes to correct the probiem.
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Formative evaluation:
What and how to redesign?

R
Com D T D

summative evaluation:
How well did we do?

Figure 7.1 Formative and summative evatuation.

Scriven (1967) distinguishes between formative evaluation and summative
evaluation {Figure 7.1), Formative evaluation takes place during the design pro-
cess. At various points in the development process, prototypes or system versions
are produced and evaluated. As discussed in Chapter 6, prototyping can be as
simpie as sketching out a few screens or as elaborate as defining and implemert-
ing a general software architecture. But the goal of formative evaluation is always
the same—to identify aspects of a design that can be improved, to set priorities,
and in general to provide guidance in how to make changes to a design. A typical
formative evaluation would be to ask a user to think out loud as he or she at-
tempts a seties of realistic tasks with a prototype system. -

In contrast, summative evaluation is aimed at measures of quality; it is
done to assess a design resuit, A summative evaluation answers questions such as,
“Does this svstem meet its specified goals?” or “Is this system better than its pre-
decessors and competitors?” Summative evaluation is most likely to happen at
the end of a development process when the system is tested to see if it has met is
usability objectives. However, summative evaluations can also take place at criti-
cal points during development to determine how close the system is to meeting
its objectives, or to decide whether and how much additional resources te assign
to 2 project. A typical summative evatuation would be to measure performance
times and error rates for standard usert tasks.

Scriven (1967, p. 54) also describes two general classes of evaluation meths
ods—anatytic and empirical (he actually uses the terms “intrinsic” and “payoff”).
He makes this distinction with an example:
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If you want to evaluate a tool, say an axe, you might study the design
of the bit, the weight distribution, 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.

In Seriven’s example, evaluation of the axe characteristics is an analytic
method, while studying a good axeman as he uses the tool is an empirical
method. This distinction i important because analytic and empirical methods
are complementary to formative and surnmative goals. Empirical evaluation pro-
duces soli¢ facts, but the facts alone may difficult to interpret. If the axe dees not
cut well, should we change the bit or the handie? We need to know how and
why the axe is supposed to work in order to decide whether its creators failed to
implement a goad design, or succeeded in impiementing a bad design. Analytic
evaluation of the axe identifies the characteristics that influence the axeman’s
performance.

Empirical methods are popular iny usability engineering because they in-
volve studies of actual users. The methods can be relatively informal such as
observing people while they explore a prototype, or they can be quite formal and
systematic, such as a tightly controlled laboratory study of performance times
and errors or a comprehensive survey of many users (Table 7.1). But regardless of
the care with which the data are collected, the interpretation of empirical results
depends on having a good understanding of the system being evaluated.

Analytic methods have their own weaknesses; they produce many interpre-
tations, but no solid facts. A claims analysis identifies features and tradeoffs, and
may be used to argue about and assign value judgments. A user model can be
built to represent and simulate the mental model a user might build in using an
interactive system. A usability inspection considers the extent to which a set 6f
guidelines or design principles have been foliowed. But the outcomes of anaiytic
work depend very much on the analytic skills and biases of the analyst. Given a
user Interface to support direct manipulation, a usability inspection may uncover
concerns with how direct manipulation has been implemented. The evaluator
and the designer can argue about the approach that was taken, but the argument
may be difficult to resolve without empirical testing.

How de you choose between analytic and empirical evaluation methods?
Scriven (1967) proposes a mixed approach called mediated evaluation: Analytic
evaluation occurs early and throughout the design process, but the resulting
analyses are also used to motivate and develop materials for empirical evalua-
tions. For example, a usability inspection may examine use of guidelines in a
product. The potential problem areas discovered by the analysis could then be-

come the fecus of a follow-up empirical study. The analytic work both sets up
and helps to interpret the empirical evaluation that studies actual use.
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Jable 7.1 Examples of empirical and analytic usability methods.

Type of Method Example Methods

Analytic evaluation: Claims analysis; system features are analyzed with
Investigations that involve respect to positive and negative impacts
madeling and analysis of a Usability inspection: a set of guidelines or an
system's features and their expert's general knowledge is used as a basis for

implications for use identifying or predicting usability problems

User models: a representation of the mental
structures and activities assumed during use is
developed and analyzed for complexity,
consistency, and 50 on.

Empirical evaluation; Controlied experiment: one or more system
Investigations that involve features are manipulated to see effects on use
abservation or other data Think-aloud experiment: users think out loud
collection from system users about their goals, plans, and reactions as they
work with a system
Field study: surveys or other types of user feedback
are collected from real-world usage settings

Usability Specifications for Evaluation

Mediated evaluation is a key idea behind usability specifications (Ca.rroll &
Rosson 1985; Whiteside, Bennett, & Holtzbiatt 1988), which are precise and
testable statements of the usability characteristics required of a system.‘ The
fntention is to specify and manage usability goals in parallel with the functional
goals for the system. Thus, at every step in the development process, as-syste:m
functions are designed and specified, their consequences for users and their activ-
ities are also analyzed and specified. This parailel specification process ensures
that usabitity concerns wili always be considered and a‘ssessed as new features are
proposed and incorporated into the design. in scenano—basedl development, the
usability specifications are derived directly from design scenarios.

Usability specifications rely on a task analysis similar to the meth()-ds of
hierarchical task anatysis described in Chapter 2. A user interaction scenazio de-
scribes work activities that are typical, critical, or novel. Task analysis breaks these
activities into subtasks that provide a more precise specification of what users are
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expected to do. For example, a scenario in which a user “searches a digital library
for Scriven’s article on evaluation” might be analyzed into subtasks such as “ac
cessing the digital library,” “initiating the search function,” and “specifying
search keys for Scrivery’s article,” Decomposing a scenario in this way allows the
evajuator to state exactly what a given user should be able to do, and what level
of performance and/or satisfaction is expected for each subtask (Table 7.2). The
DEC project described in the initial vignette provides concrete evidence that such
an approach can guide development (Good, et al. 1986).

A third idea behind usability specifications is that evaluation is iterative.
Evaluation is not an isolated stage in the development cycle, but rather an ongo-
ing process. Repeated analytic evaluations determine how the software will sup-
port users” needs; they also structure and guide empirical testing, As scenarios
become more elaborate during design, so do the subtasks comprising them, and
the behavior expected from users carrying out these subtasks.

Table 7.2 Sample usability specifications built to track usability of a scenario inveiving
search for a reference in a digita! library.

Digital Library Search Subtask Usability Outcomes Expected

Accessing the digital library A user with at least one hour of previous usage

experience should be able te access the main
page of the digital library in 20 seconds or
lass, with no errors, and should rate “ease of
access” no less than 4 on a 5-point rating scale.

Initiating the search function A user with at least one hour of previous usage

experience should be able to initiate the search
dialeg from the main page of the digital library
in 5 seconds or fess, with no errors, and should
rate “search availability” no less than 4 on a
5-point rating scale.

Specifying search keys
for Scriven’s article

A user with at least one hour of previous
usage experience should be able to specify
search terms that will successfully retrieve the
Scriven reference in 30 seconds or iess, with
one error, and should rate "usefulnass of
search” ne less than 4 on a S-point rating scale.
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As a mediated evaluation technigue, usability specifications allow evalua-
tors to address both formative and summative goals. Precise specification of a
subtask along with user performance and satisfaction measures enable a test of
“how well did we do?” But at the same time, the fact that the subtasks portray an
analysis of a design scenario means that evatuators can also determine which fea-
tures and outcomes are more or less problematic, thus guiding redesign. A test of
the subtasks in Table 7.2 might reveal that the first subtask is performed within
the time specified, but that users do not consider access to be “easy.” This would
direct evaluators to explore in more detail how users think about the access pro-
cess 1o determine the source of dissatisfaction.

During usability evaluation, new test tasks—derived from scenarios explor-
ing new goals, actors, and settings—are introduced to ensure that the evaluation
is as general as possible. Evaluating a system with respect to a single set of design
scenarios can lead to local optimization. Similarly, relying on a single evaluation
approach can lead usability engineers to miss entire categories of information.
Different usability concerns are addressed by different evaluation methods;
choices among methods involve tradeoffs in resources required and in the preci-
sion and interpretability of evaluation results. In the rest of this chapter, we
briefly survey different approaches to analytic and empirical evaluation.

Analytic Methods

It is not necessary to observe or interview users to evaluate an interactive appii-
cation. Claims znalysis is an analytic method that has been described and illus-
trated extensively in this book. In this method, the usability engineer identifies
significant features in 2 design and generates hypotheses about the consequences
these features might have for users engaged in activities (scenarios). A claims
analysis is most often implemented for formative goals to better understand and
guide a system’s redesign. However, a refined set of claims can be also be used for
summative goals—the design rationale provides one view of how well a system
meets users’ needs.

An important motivation for analytic methods is that they can be used
early in a development process, well before there are users or prototypes available
for empirical tests. Another motivation is cost: it is often less expensive to ana-
lyze a system than to design and carry out an empirical study. As we have seen,
analytic evaluation also guides empirical studies by identifying controversial oz
novel design features. it helps evaluators know what to attend to, what to mea-
sure, and what hypotheses to test.

A hazard of analytic evaluation is that designers may feel that they are being
evaluated. Presumably, the design they produce is their best effort, given organi-
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zaAtio?al constraints. Every problem identified or every downside can be heard as
criticism. While such a personal reaction is understandable, it is unprofessional.
Colleagues, especially usability engineers, can help designers by promoting a

cooperative atrnosphere in which the development team as a group explores and
refines the design.

Usability [nspection

Usability guidelines have  long tradition in software development. Smith and
Mosier (1986) is one classic reference; the book lists many réecommendations,
examples, and exceptions. For example, one guideline is to “locate and displax;
Information and commands consistently.” An example of this guideline in use ils
the predictable set of functions grouped under the File menu in Microsoft Win-
dows applications. Traditional user interface guidelines were intended to be used
by designers, although they are often: criticized as being too general to provide
useful design guidance {Grudin 1989; Newel! & Card 1985).
. More recently, guidelines have become popular as the basis of usability
inspection, in which usability experts examine or work with a system in an
effort to detect potential usability problems. Modern inspection methods differ
from more traditional use of guidelines in two respects: Fizst, the guidelines are
used te guide evaluation, not design. They are used to prompt questions about a
design, rather than to specify a solution approach. Second, they ate detiberately
open ended and incomplete. They are not used to consider all possibie design
features and potential probiems, but rather as a help in finding key issues.
Nielsen {1994) describes an inspection method called heuristic evaluation,

in which usability experts review a system against the 10 general guidelines listed
below.

* Usesimpie and natural dialog
* Speak the users’ language

« Minimize memory load

* Be consistent

+ Provide feedback

+ Provide clearly marked exits

* Trovide shortcuts

* Provide good error messages

+ Prevent errors

* include good help and documentation
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Nielson recommends that independent heuristic evaluations should be con-
ducted by multiple usability experts; each evaluator identifies as many usability
problems as possible. Bias (1991) describes pluralistic walk-through, a similar
method in which developers, users, and usability engineers collaborate to ana-
lyze a systemn; Bias argues that a range of perspectives helps to find a larger set of
problems. Polson, et al. {1992) describe the use of cognitive walk-through to
analyze in detail a user's goals, expectations, and reactions during individual
tasks. inspection methods are extremely popular in industry, because they gener-
ate large numbers of potential usability problems at a relatively modest cost (Bias
& Mayhew 1994; Nielsen & Mack 1994).

Inspection methods raise several tradeoffs for evaluation efforts. One is the
nature of the analysis produced through inspection (Tradeoff 7.1} Usabiiity
inspection is aimed at finding and counting problems, rather than on undez-
standing the implications of a problem. Furthermorg, inspection alone does not
reveal the validity of the findings. Validity is a crucial concern for any usability
evaluation; it refers to the degree to which the findings correspond to what
would be found in the actual use. For example, a usabitity expert might point out
100 potential problems, but only seven of these might ever occur in actual use.
And of these seven, it may be that none is particularly setious for users.

TRADEOFF 7.1

Usability checkiists and Inspections can produce rapid feedback, BUT may call
attention to problems that are infrequent or atypical in real-world use.

Many usability inspections include a phase in which the expert classifies
each problem on a scale of severity (e.g., from “a minor annoyance” to “would
completely distupt the user's task”). in this sense, the experts are providing their
own assessment of validity, by providing implicit claims about how important a
problem will be in real-world usage situations. This provides more guidance o
designers, because they can better priotitize the attention they direct toward each
problem.

A relatec question is the usage context provided for an inspection. In some
discussions, Nielsen (1995} endorses the use of scenarios as a basis for heuristic
evaluation, but in general he argues that scenario contexts may overconstrain
how experts wiil think about system features. But as we have seen, design trade-
offs vary across scenarios. What may seem quite effective for one task (e.g., a con-
text-sensitive menu ¢hoice that appears only when needed) may be cumbersome
for another (e.g., an expert who wants to get to this option frequently and
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quickly). Such tradeoffs are difficult to discover and reason about in simple fea-
tured-oriented inspections.

A third question concerns the more long-term contributions to the disci-
pline of usability engineering. Heuristic evaluation is very lightweight and relies
entirely on the creativity and experience of the evaluators-~this is what makes it
so popular and easy to do. But there is no mechanism for saving and reusing the
insights developed in one evaluation process for use in future projects, Whatever
is leatned simply ends up as part of the evaluators’ private expertise.

Maodel-Based Analysis

The goal of model-based analysis is to use established theories in science and
engineering to build a predictive model. A classic example is GOMS analysis
(goals, operators, methods, and selection rules; Card, Moran, & Newell 1983). A
GOMS model is organized into goals that name the user’s current intention,
methods that list the steps needed to achieve the goal (e.g., an idealized action
plan; Chapter 3), the operators that implement the metheds, and any selection
rules needed te choose among multiple possible methods or operators. This rep-
resentation of users’ goals and knowledge is commonty known as a user model.

A portion of a GOMS model is shown in Figure 7.2; it was extracted from
an analysis of document editing on the Macintosh (Kieras 1997). This pazt of the
model begins with the goal to move some text. The method for this goal includes
four steps; two of the steps instantiate subgoals {cut text, and paste text). It
also includes the perceptual operator verify. Bach of the subgoals is decom-
posed into its own method. Both of these include a selection subgoal and a men-
tal operator indicated as Retain. The first step of the cut-text method also
includes a selection rule, modeled in the right-hand column of the figure. This
rute can be interpreted as “if the text to cut is a word, then use the word selection
method; otherwise, use the arbitrary text-selection method”). The rest of the
analysis (not shown here} models the subtasks of selecting a word, selecting arbi-
trary text, selecting the insertion point, and issuing a command.

Once a GOMS model has been fully specified, human performance data
<an be used to estimate the time required to perform a task. For exampie, a but-
ton press takes about 250 milliseconds, moving a hand from keyboard te mouse
takes about 400 milliseconds, pointing the mouse takes about 1,100 millisec-
onds, and a mental operation (e.g., choosing between two methods) takes about
1,350 milliseconds. The GOMS model would be converted inte an executable
program, and parameters such as these could be used to calculate times for dif-
ferent versions of document editing tasks.
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focus on the individual operators that constitute user tasks, they tend to ignore
significant aspects of human behavior—namely the structure of work and orga-
nizations, and the experiences of learning and problem solving (Tradeoff 7.2). At
the same time, a GOMS analysis {which was simplified in our exampie) can seem
tike a lot of work to obtain advice about fine adjustments to mouse selections or
keystrokes.

Goals, Methods, and Operators Selection Rules i

Method for goal: move text, Selection rule set for goal:
Ly :

Step 1. Accomplish goal: cul Lext. select text.
If text-is-word, then

rep 2. Accomplish goal: paste text.
. accomplish goal: select word.

Step 3. Verify correct bext moved. . ‘
Step 4. Return with goal accomplished. If text-is-arbitrary, then
accomplish goal: select

Method for goal: cut text. TRADEGFF 7.2

Step 1. Accomplish goal: select text.

bitrary text. . . N . |
zrtl }"th goal accomplished Al Madels of performance can yield precise predictions of user behavior, BUT the time
eturn wi red. : i . :
Step 2. Retain that the command is CUT. : ; spent building such m?dels can take attention away from higher-level human
and accomplish goal: lssue a command. behavior such as learning, probiem selving, and social relationships.
Step 3. Return with goal accomplished.

Method for goal: paste texb.
Step 1. Accomplish goal: select
insertion point.
tep 2. Aecomplish goal: Retain that
the command is PASTE and accomplish

goal: use a command.

Step 3.

Return with goal accomplished.

Methed for goal: select insertion poink.

Recent enhancements to user modeling have addressed these issues, The
eriginal GOMS model assumes sequential task execution, although humans reg-
ularly work on multiple tasks at once. Current approaches have been extended to
include parailel task execution {(Gray, john, & Atwood 1992). Current approaches
also address learning, perception, and errors (Kieras 1997). A simplified notation
was developed to reduce the tedium of developing detailed symbolic descriptions
(Kieras 1988). Finally, the practical use of these models has been demaenstrated
for niche applications. A well-known example is evaluation of a telephone oper-

Step 1. Accomplish goal: cut text. ator workstation, a computer application in which keystrokes are worth millions
Step 2. Accomplish goal: paste text. of dollars (Gray, John, & Atwood 1992).

Step 3. Verify correct text moved. Not all model-based analysis is aimed at performance estimates. In a task-
Step 4. Return with geal accomplished. action grammar (Payne & Green 1986), the focus is how users’ task knowledge is

Figure 7.2 Goals, operators, methads, and setection rules for the subtask of moving texton a

Macintosh computer {Kieras 1997, 755-56).

GOMS analysts can also use models such as these to consider.issues such as
complexity or consistency. For example, in Microsoft Word clicking at the left
border of a cell in a table selects the entire cell, but clicking at the left border of a
paragraph selects just the closest line. A detailed GOMS analy.s.is mxAght u.ncover
the different uses of this selection technigue, perhaps sparking discussion (ot
empirical tests) of whether the methods create inconsistency problems for users.
The models can also be used to interpret empirical data; users may not fio'exactly
what is predicted, but comparing their behavior to the model’s prediction can
help evaluators understand why. .

Model-hased analyses must be focused and explicit so that they can pro-
duce precise and quantifiable predictions. But because approaches like GOMS

mapped to system objects and actions. The analyst begins by creating a grammar
{a set of tules) describing the tasks a system supports. For document editing, an
exampile rule might be:

Move Paragraph => Select/Cut Text + Cut at Destination
+ Splice/Paste Text

The action sequence on the right describes how cut-and-paste can be used to
move a paragraph in a paper document. A user interface design for a text editor
can then also be described by a grammar, and the mapping between the two sets
of rules examined. A simple mapping suggests less difficulty for users learning or
using the proposed system.

User interface metaphors can also be used for model-based analysis (Car-
rol}, Mack, & Kellogg 1988). People try to understand new systems by analogy to
situations they aiready know about. Designers take advantage of this by convey-
ing that a metaphor will be helpful in learning about a system (e.g., the concept
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of a library helps when learning to use a digital archive). A metaphor—baéecl
analysis is similar to a task-action grammat, but it highlights the extent t(.J which
significant objects, actions, and relationships in the system match or mlsmat.ch
the structures of the metaphor domain. This leads to predictions about which
tasks will be more or less easy to learn or perform, where and what kinds of errors
may ¢ccur, and se on.

Empirical Methods

The gold standard for usability evaluation is empirical data. Heuristic evalua}tion
produces a list of possible problems, but they are reaily no more than suggestzo.ns.
Claims analysis produces a set of design tradeoffs, but the designers must decide
whether the tradeoffs are really dilemmas, and if so, which are most problematic.
A modei-based approach such as GOMS leads to precise predictions about user
performance, but has limited application. What usability evaluators realiy need to
know is what happens when people use the system in real situations.

Unfortunately, empirical evaluation is not simple. If we wait 0 study users
until they have the finished systen: in their workplace, we will maximize the
chance for a real disaster. Finding significant problems at that stage means start-
ing over. The whole point of formative evaluation is to support parallel develop-
ment and evaluation, so as to avoid such disasters. On the other hand, any
compromise we make—such as asking users to work with an incomplete proto-
type in a laboratory—raises issues concerning the validity of the evaluation (Le.,
do laboratory tasks adequately represent realistic use?).

The validity of the testing situation is just one problem. Rarely do empiric'al
results point to a single chvious conclusion. A feature that confuses one user in
one circumstance might save another user in a different situation. What should
we do? What conclusion ¢an we draw? There are technical tools to help manage
these problems. For example, we can calculate the mean number of users who
experience a probiem with some feature, or contrast the proportion who like t.he
feature to the proportion who dislike it. However, the interpretation of descrip-
tive statistics such as these depends very much on the number and characteristics
of the users who are studied.

Field Studies

One way to ensure the validity of empirical evaluation is to use field study meth-
ads, where normal work activities are studied in a normal work environment. As
we emphasized in Chapters 2 and 3, people often adapt new technology in un-
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expected ways o their existing work practices. The adaptations that they invent
and their descriptions of how and why they use the technelogy in these ways can
provide detailed guidance to designers trying to refine a system’s basic functions
and user interface. Thus, field studies can be valuable in formative evaiuation,
fust as they are in requirements analysis. A field study is often the only way to
carry out a longitudinal study of a computer system in use, where the emphasis
is on effects of the system over an extended period of time,

Suchman'’s (1987) study of document copier systems is a classic exampie of
a field study. Suchman observed people using a sophisticated photacopier
equipped with sensors to track users’ actions, and the system offers helpful
prompts and feedback. In one example, a person starts to copy a multipage doc-
ument by placing the first page in the document handler. The copier senses the
page and prompts the user to press Start. She does so, and four copies are pro-
duced. The user is then prompted to remove the original document from the
handler. She does this as well, then waits for further direction. However, the
copier next senses the pages in the output tray, and prompts the user to remove
them. At this point, the interaction breaks down: The prompt about the output
tray does not connect to the user's current goal. She ignores it and instead places
a second page into the document handler, triggering a repeat of the earlier
prompt to remove the originals. Trying to understand, she misinterprets: “Re-
move the original—Okay, I've re- . . ., ['ve moved the original. And put in the
second copy.”

This simpie example vividly shows how a photocopier designer's best ef-
fotts to provide helpful and “smart” instructions backfired, actually misteading
and confusing the user, As is typical of field studies like this, the details of the
episode also suggest design remedies. In this case, providing less help via the
prompts led to a better design.

In a comprehensive field study, hundreds of such episodes might be col-
lected. The amount and richness of the data emphasize the key disadvantage of
fieldwork—the data obtained has high validity but can be extremely difficult to
condense and understand (Tradeoff 7.3}. One approach to this is content analy-
sis—the evaluator organizes related observations or problems inte categories. For
instance, one category might be problems with system prompts, another might
be button layout, another might be feedback indicators, and so forth. Data reduc-
tion of this sort helps to focus later redesign work,

TRADEOQFf 7.3
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Field studies ensure validity of the usability problems discovered, BUT field study
results are extensive, qualitative, and difficult to summarize and interpret.
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Field study observations may also be rated for severity—each episode is
judged with respect to its stgnificance for the user(s). These ratings help to prior-
itize the data, so that designers can direct most attention to issues of most impo-
tance. For example, episodes could be rated on a three-point scale: successful use,
inconvenience, and total breakdown. While breakdown episades are ciearly
most useful in identifying and guiding design changes, it is useful to also include
successful episodes in the data sample. Successful episodes may seem uninterest-
ing, but they help to establish a user interaction baseline (i.e., what can be
expected under normal conditions).

Ethnographic observation attends to actual user experiences in real-world
situations. Thus, it addresses many of the concerns about the validity of empirical
findings (although the presence of an ethnographer may aiso influence people’s
behavier). But this styie of work is costly. Collecting field data is very time con-
suming, and analyzing many pages of notes and obsarvations can be laborious.

A compromise is retrospective interviews, where people are asked to recall
use episodes that they remember as particularly successful or unsuccessful. This
method is based on Flanagan’s (1954) originat work with critical incidents—he
asked test pilots to report incidents that stood out in their memory of a recent
flight. The critical incidents reported by users should not be considered represen-
tative or typical the point is to identify what seems to be important, However,
this makes retrospective interviews an extremely efficient method for producing
a coltection of problem reports.

Unfortunately, self-reported incidents have their own validity problems. It
is well known that people reconstruct their memories of events (Bartlett 1964;
Tradeoff 7.4). For example, someone might remember a task goal that makes
more sense given the result they obtained. The tendency to reconstruct memo-
ries becomes stronger as time elapses, so it is best to gather critical incident
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participate as actors or reporters. But they can also become analysts themselves
through seif-reflection-—a person is asked to interpret his or her own behaviors.
In such a situation, the evaluator ends up with two sorts of data—the originat
episede and the actors’ thoughts about what it means. We are currently exploring
this approach with a collaborative critical incident tool, in which a community
of users and designers post and discuss usage episodes {Neale, et al. 2000).

Usability Testing in a Laboratory

A significant obstacle for field studies is that systems are often not felded until
development is complete. Even if a prefiminary field trial is conducted, it may be
costly to travel to the site to collect observational data. There are also specific
technical reasons for evaluating usability in a laboratory setting: Laboratory stud-
ies can be small in scope and scate, and they can-be controlled to focus on partic-
ular tasks, features, and user consequences. Laboratory studies do not have the
overhead of installing or updating a system in a real work site, so they permit
rapid cycles of user feedback and prototyping. In fact, laboratory tests can be use-
ful well before any design work has been done—for exampie, by studying users’
performance on comparable systems using standardized benchmark tasks.

Because laboratory studies can only simulate real-world usage situations,
test validity becomes a major concera (Tradeoff 7.5). For example, it is important
that the users be representative—they should be similar to the target users in
terms of background, age, ability, and so on (Figure 7.3). A team may inadver-
tently recruit test participants who know a lot about spreadsheet programs but
very little about Web browsers, relative to the intended user population.

TRADEOFF 7.5

reports immediately after an activity. Even then, users are often just mistaken % o ¢ aboratory studi e

. . ) " - "
about what happened and what caused what, making their retrospective reports o SR settings or;' u Ids enaz e focused attention on specific usage concerns, BUT the
gifficult to interpret (Carroll 1990). Self-reported critical incidents should never T 95 observed may be unrepresertative and thus misleading,

be taken at face vaiue.

It is also important to recognize and interpret differences amoeng individu-
TRAD;C%FF 7.aUsers often possess valuable insight into their own usability problems, BUT humans ' 31_5- o ex'ample" ot et e b remtated e ST T
% - ' irect manipulation, but an expert user may be frustrated and critical, This is the
Q—ﬂz often reconstruct rather than recali experiences, general problem of variability in test results; dealing with variability is a chal-

h=

Just as users can contribute to requirements analysis and design, they can
participate in evatuation. In field studies and tetrospective interviewing, they

lenge for ali empirical work. Evaluators can address these concerns by studying a
large enough set of users that general patterns emerge, or by carefully document-

ing user characteristics and restricting their conclusions to people who have
these characteristics,
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Is this really the kind of
person who will use our system?

How much of what | see i

e missin ¥
et g specific to this user?

any important features?

will our actual users do

; e
will people be mor tasks like these?

distracted in their offices?

Test participant working
on a task in a usability iab

Figure 7.3 Validity concerns that arise in usability testing done in a laboratory.

The prototype or mock-up tested in a laboratory study may also differ from
the final system in key respects. The IBM PCir failed in past because of the rub-
bery feet of its keyboard. Studies of keyboard prototypes focusing only on the
sméii size of the miniature keyboard would have missed this critical element, The
printed graphics pasted onta a cardboard mock-up may have a higher resolution
than the resotution teal users will experience with cheap displays. What if users
working with such displays cannot see the critical cues?

The tasks tested in the laberatory may not be the ones that people will ulti-
mately undertake with the system. Initially, the significance of the World Wide
Web was thought to be its improved user interface for transferring files over the
network, Spreadsheets were thought to be tools for arithmetic calculation; only
later did it become clear that users would also use spreadsheets for planning,
teporting, and communication tasks (Nielsen, et al. 1986).

tronically, another concern for usability testing is the usability laboratory
itself! A usability lab is a specially constructed observation room that is set up
to simulate a work environment (e.g., an office), and instrumented with various
data collection devices (e.g., video, one-way observation windows, and screen
capture). Users are brought into the lab to perform and comment about care-
fully constructed test tasks. However, the participants in these studies are in-
sulated from normal work distractions and deprived of many of their daily
workplace resources. For example, most work environments involve significant
interaction among employees, but this is very difficult to simulate in a labora-
tory environment.
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Sometires a usability test can approximate a field study. Gould, et al.
(1987} describe storefront testing, in which a prototype is placed in a semi-pub-
lic place, such as a hallway near the developers’ workroom. Colieagues passing by
are Invited to try out the prototype and provide feedback. Such user interactions
are not examples of real work. The passersby do not have realistic user goals; they
are just curious or are trying to be heipful. The usage context may alsc not be
realistic. Gould, et al. were designing a system for a noisy environment, but
tested it in the relatively quiet halls of an industrial research lzboratory. None-
theless, a storefront prototype can literally be wheeled out of the developers’ lab-
cratory and into a usage setting. The method generates user feedback instantly
and supports very rapid prototype refinement and iterative testing.

An important issue for laboratory studies is deciding what data to coilect.
Most studies gather task performance times, videotapes of user actions, screen
displays, and so on. But much of a user’s experience is unobservable, taking place
inside his or her head as information is interpreted and plans are constructed.
Thus, it is alsc common for usabitity evaluators to gather think-aloud protocols:
Users narrate their goals, plans, reactions, and concerns as they work through the
test tasks {Ericsson & Simon 1993). The think-aloud pretocol can then be ana-
lyzed to determine when the persen became confused or experienced usage diffs-
culties; the narzation before and after 2 problem often provides insight into the
causes and conseguences of usability problems.

Usability testing is often conducted in usability labs designed to look like
workplace settings (e.g., an office), and evaluators seek to make test participants
feel as comfortable as possible. At the same time, it is important to realize that
thinking out loud while working s not natural behavior for most computer
users! Tracking and narrating mental activity are tasks ir: and of themselves, and
they compete with the application task the user is trying to perform (Tradeoff
7.6}. Task performance times and errors are much less meaningful in think-aloud
studies. The reporting process aise leads users to pay careful attention to their
actions and to system tesponses, which may influence how they plan or execute
their tasks.

TRADEOFF 7.6

oéo
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Externalizing one's goals, plans, and reactions reveals unobservable cognitive
sources of usability problems, BUT self-reflection may alter what pecple do.

Think-aloud studies produce a lot of data, just like field observations. In
making sense of the data, evaluators use some of the same techniques they would
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apply to field data. For example, they may identify critical incidents dir.ectly fIOI.I]
the data record {e.g., Mack, Lewis, & Carroll 1983). A more systen}atlc analysis
might produce behavior graphs, in which each user action is indicated, along
with comments revealing associated mentat states (Rosson & Carroll 1996). Be-
cause the evaiuator controls the requirements of the test tasks, this method can
be used to carry out very detailed investigations of how users plan, execute, and
make sense of their own behavior.

Almost all usability studies measure time and errors for users performing
tasks. To ensure that the times coliected are meaningful, evaluators must specify
the test tasks precisely enough so that all participants wiil try to accomp]ish.the
same goal. For example, an email task might be “searching for 2 message :ecewecj
in spring 1997 from Kanazan Lebole that may have mentioned ACM STIGCHI.
Discovering that such a task is difficult or error prone would cause designers to
think about how to better support message retrieval in this email system.
(Remember that task times and errors collected during think-aloud studies are
influenced by the demands of the reporting task.)

Most usability tests also gather users’ subjective reactions to 2 systen}.
Users may be querled in a general fashion (e.g., “What did you [dis]like ‘most?’)
or they may be asked to rate the usability of specific tasks or featuxes..An interest-
ing and challenging aspect of user testing is that subjective reactxox?s do not
always correspond to performance data. A feature may improve efficiency but
also annoy users, or it may slow users down but make them feet more comfort-
abie. For example, early formative evaluation of the Xerox Star revealed that
users spent a considerable time adjusting window location—they tried to keep
their windows arranged so as to not overlap (Miller & Johnson 1996}. As a resulf:,
designers decided to not azllow overlapping windows. Scon after, hoYve.ver, it
became clear that overlapping windows are preferred by most users; this is now
the default for most windowing systems. The Star was perhaps so far in front of
user and designer experience that it was impossible to make reliable formative
inferences from time and error measures.

Controlled Experiments

Most usability evaluation examines performance or satisfaction with the curreth
version of the system or prototype. It tries to answer questions about what s
working well or poorly, what parts of the system need attentionc znd how close
developers are to meeting overall usability objectives. (n occasion, however, a
more controlied study may be used te investigate a specific question. For exam-
ple, suppose a team needs to understand the performance implications of three
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different joystick designs. A controlled experiment can be designed to compare
and contrast the devices.

The first step in planning an experiment is to identify the variables that
wili be manipulated or measured. An independent variable is a characteristic
that is manipulated to create different experimental conditions. It is very impor-
tant to think carefully about how each variable will be manipulated or opeta-
Honalized, to form a set of different test conditions. Participants (subjects) are
then exposed to these varying conditions to see if different conditions lead to dié-
ferent behavior. In our example, the independent variable is joystick design. The
three different designs represent three different levels of this variable. Attributes
of study participants—for example, degree of experience with video ganmes--
could also be measured and incorporated as independent variabies.

A dependent variable is an experiment outcome; it is chosen to reveal ef-
fects of one or more independent variables. In our example, a likely dependent
variable is time to carry out a set of navigation tasks. Experimenters often in-
clude muitiple independent and dependent vatiables in an experiment, so that
they can learn as much as possible. For instance, task complexity might be
manipulated as a second independent variable, so that the effects of joystick de-
sign can be examined over a broad range of user behavior. Other dependent vari-
ables could be performance accuracy or users’ subjective reactions. For compiex
tasks requiring many steps, an evaluater may implement some form of software
logging, where user input events are captured automaticatly for later review
{Rosson 1983).

Experimenters must specify how a dependent variable will be measured.
Some cases are straightforward. Performance time is measured simply by decid-
ing when to start and stop 2 timer, and choosing a level of timing precision.
Other cases are less obvious. ¥ task errors are to be measured, advance planning
will be needed to decide what will count as an error. If subjective reactions are
being assessed, questionnaires or rating scales must be developed to measure pat-
ticipants’ feelings about a system.

The independent and dependent variables of an experiment are logicaily
connected through hypotheses that predict what causal effects the independent
variables will have on dependent variables. In our example, the experimenter
might predict faster performance times for one joystick but no performance dif-
ferences for the other two. As the number of variables increases, the experimen-
tal hypotheses can become quite complex: For example, one joystick might be
predicted to improve performance for simple tasks, while a second is predicted to
improve complex tasks. Hypothesis testing requires the use of inferential statis-
tics (see Appendix}.
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apply to field data. For example, they may identify critical ncidents dir.ectly' fror.n
the data record (e.g., Mack, Lewis, & Carroll 1983). A more systematic analysis
might produce behavior graphs, in which each user action is indicated, along
with comments revealing associated mental states (Rosson & Carroll 1996). Be-
cause the evaluator controls the requirements of the test tasks, this method can
be used to carry out very detailed investigations of how users plan, execute, and
make sense of their own behavior.

Almost all usability studies measure time and errors for users performing
tasks. To ensure that the times collected are meaningful, evaluators must specify
the test tasks precisely enough so that all participants wiil try to accomphsh_ the
same goal. For example, an email task might be “searching for a message xecewe(i
in spring 1997 from Kanazan Lebole that may have mentioned ACM S.IGCH!.
Discovering that such a task is difficult or error prone would cause designess to
think about how to better support message retrieval in this email system.
(Remember that task times and errors coilected during think-aloud studies are
influenced by the demands of the reporting task.)

Most usability tests also gather users’ subjective reactions to a systen:.
Users may be queried in a general fashion {e.g., “What did you [dis]like ’most? )
or they may be asked to rate the usability of specific tasks o features.‘An interest-
ing and chailenging aspect of user testing is that subjective :eactzor‘ms do not
always correspond to performance data. A feature may improve efficiency but
also annoy users, ot it may siow users down but make them feel mote comfort-
able. For example, early formative evaluation of the Xerox Star revealed that
users spent a considerable time adjusting window location—they tried to keep
their windows arranged so as to not overlap (Miller & Johnson 1996). As a resul_t,
designers decided to not allow overlapping windows. Soon after, howéver, it
became clear that overlapping windows are preferred by most users; this is now
the default for most windowing systems. The Star was perhaps so far in front‘ of
user and designer experience that it was impossible to make r¢liable formative
inferences from time and error measures.

Controlied Experiments

Most usability evaluation examines performance or satisfaction with the currer?t
verston of the system or prototype. It tries to answer questions about what is
working wetl or poorly, what parts of the system need attemicm,. and how close
developers are to meeting overall usability objectives. On occasion, however, a
more controlled study may be used to investigate a specific question. For exam-
ple, suppose a team needs to understand the performance implications of three
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different joystick designs, A controlled experiment can be designed to compare
and contrast the devices.

The first step in planning an experiment is to identify the variables that
wili be manipulated or measured. An independent variable is a characteristic
that is manipulated tc create different experimental conditions. It is very {npor-
tant to think carefully about how each variable will be manipulated or opera-
tionalized, to form a set of different test conditions. Participants (subjects) are
thren exposed to these varying conditions to see if different conditions lead to dif-
ferent behavior. In our example, the independent variable is joystick design. The
three different designs represent three different levels of this variabie. Attributes
of study participants—for example, degree of experience with video games—
could also be measured and incorporated as independent variables,

A dependent variable is an experiment cutcome; it is chosen to reveal ef-
fects of one or more independent variables. In our example, a likely dependent
variable is time to carry out a set of navigation tasks. Experimenters often in-
clude multiple independent and depandent variables in an experiment, so that
they can learn as much as possible. For instance, task complexity might be
manipulated as 2 second independent variable, so that the effects of joystick de-
sign can be examined over a broad range of user behavior. Other dependent vari-
ables could be performance accuracy or users’ subjective reactions. For complex
tasks requiring many steps, an evaluator may impiement some form of software
logging, where user input events are captured automatically for later review
(Rosson 1983).

Experimenters must specify how a dependent variable will be measured.
Some cases are straightforward. Performance time is measured simply by decid-
ing when to start and stop a timer, and choosing a level of timing precision.
Other cases are less obvious. i task errors are to be measured, advance planning
will be needed to decide what will count as an error. [f subjective reactions are
being assessed, questionnaires or rating scales must be developed to measure par-
ticipants’ feelings about a system.

The independent and dependent variables of an experiment are {ogically
connected through hypotheses that predict what causat effects the independent
variables will have on dependent variables. In our example, the experimenter
might predict faster performance times for one joystick but no performance dif-
ferences for the other two. As the number of variables increases, the experimen-
tal hypotheses can become quite complex: For example, cne joystick might be
predicted to improve performance for simple tasks, while a second is predicted to
improve complex tasks. Hypothesis testing requires the use of inferential statis-
tics (see Appendix).
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Once the experiment variables have been identified, experimenters must
choose how participants will be exposed to the different experimental conditions.
In a within-subjects design (also called repeated measures}), the same partici-
pants are exposed to all levels of an independent variable. In contrast, a between-
subjects design uses independent groups of participants for each test condition.
In our example, we might have one group of users who work with all three joy-
sticks (within subjects), or we might bring in different groups for each device.

A within-subjects design has the advantage that the variability in data due
1o differences among users (e.g., some people respond more quickly in general}
can be statistically removed {controlled for). This makes it easier to detect effects
of the independent variable(s). However, exposuze to one level of an indepen-
dent variabie may influence people’s reactions to another (Tradeoff 7.7). For ex-
ample, it is quite possible that experience with one joystick will cause people to
Jearn physical strategies that would influence their success with a second.

TRADEOQFF 7.7
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Using the same participants in muitiple testing conditions helps to controi for
individuai differences, BUT may lead to task ordering or other unwanted effects.

Such concerns are often addressed by a mixed design, where some inde-
pendent variables are manipulated within subjects and others are manipulated
between subjects. For example, the different joysticks could be used by different
groups of people, but task complexity could be left as a within-subjects variable.

Within-subjects designs are popular and convenient—fewer participants
are required, and potentially laige effects of individual variability are controlled.
Exposing the same participants to two different conditions also aliows for direct
comparison {e.g., in a series of rating scales). However, experimenters must antic-
ipate nuisance effects, such as task order, and counterbalance the testing condi-
tions as necessary. In complex designs having many independent variables with
muitiple levels of each, preventing nuisance effects can be challenging.

In any usability evatuation, it is important to recruit subjects who are rep-
resentative of the target population. But for experimental studies, there are also
important questions of how participants are assigned to different conditions, and
how many participants will be needed to measure the expected differences
among conditions.

The simplest method is random assignment: Each participant is placed
randomly in a group, with the constraint that groups end up being the same size
{or as close as possible to equal sizes; unequal group sizes reduce the sensitivity of
statistical tests). Under this strategy, nuisance variables such as age, background,
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or general motivation are randomty distributed across the different experimental
conditions. Randomization increases the “noisiness” of the data but does not
bias the results.

Random assignment is most effective when the number of participants is
large; a rule of thumb is to have at least ten individuals in each condition. As the
number of participants (the sample, or n) increases, the statistical estimate of ran-
dom variation is more accurate, creating 2 more sensitive test of the independent
variables. However, this can lead to a dilemma—an experiment with results of
borcerline significance can often be repeated with a larger number of participants
to create a more powerful test, but results may not be worth the extra cost and
effort (Tradeoff 7.8), Usability practitioniers must carefully balance the needs of
their work setting with the lure of reporting a “statistically significant” result.
fronically, a very large experiment may produce statistically significant differ-
ences that account for a very small portion of the overall variance in the data.
Experimenters should be careful to report not only the statistical tests of differ-
ences, but also the proportion of the overall variability accounted for by these
differences {see Appendix).

TRADEOFF 7.8
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The sensitivity of a statistical test is enhanced by increasing sample size, BUT
obtaining 2 statisticaliy significant resuit may nct be worth the cost and effort of
running & very large experiment.

74

Another assignment strategy is to combine random assignment with con-
trol of one or more participant variables. For example, experimenters often zan-
domly assign an equal number of men and women to each group because they
worry that gender will influence the results. This helps tc ensure that any effects
of this particular nuisance variable will be equally distributed across the condi-
tions of interest.

Science Fair Case Study: Usability Evaluation

Evaluation is centrai and continuous in SBD. From the first step of activity desigr,
the use context provided by the scenarios serves as an implicit test of the emerg-
ing design ideas, The “what-if” reasoning used in analyzing <laims expands and
generalizes the situations that are envisioned and considered. The focus on design
feature impacts is an ongoing scusce of formative evaluation feedback.
Evaluation becomes more systematic when usability specifications are cre-
ated from design scenarios and their associated claims (Figure 7.4}. The scenarios
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Activity, information, and
interaction claims:

identify key design features
o be tested.

: ; Usability specifications:
Design scenarios; . ith
extract motivation and context m—) 2 ';séri‘;:;*;;‘f::r‘:"é‘
for subtasks to be tested. satisfaction parameters.

/

Figure 7.4 Developing usability specifications for formative evaluation.

Estimates of behavior:
published or pilot data of
expected user behavior.

provide the motivation and activity context for a set of sequential subtasks that
will be evaluated repeatedly as benchmarks of the system’s usability, The claims
analyses are used to identify the subtasks to be tested—recall that claims hfive
been used throughout to track design features with important usability implica-
tions. For each subtask, outcome measures of users’ performance and satisfaction
are defined, creating a testable set of usability specifications (Carroll & Rosson
1985).

The high-level goal of any usability evatuation is to determine to what
extent a design is easy or hard to learn and use, and is more or less satisfying.
Usability specifications make this high-level goal more precise, transforming it
into a set of empirically testable questions. The repeated testing of these tasks
ascertains whether the project is meeting its usability goals, and if not, which
design features are most in need of attention.

tsability inspection

As we have seen, analytic evaluation takes place constantly in SBD when writing
scenarios and claims. This ongoing analytic work forms a skeleton far empirical
studies. Other analytic evaluation methods can be useful as well. For example,
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Table 7.3 VSF usability problems identified through heuristic evaiuation.

Guideline

Use simple and natural
dialog

Speak the user's
language

Minimize user memory load

8e consistent

Provide feedback

Provide clearly marked exits

Pravide shortcuts

Provide good error
messages

Prevent errors

Include good help
and documentation

Potential VSF Usability Problems

Control+f used to synchronize views; Control+ to query activity

Young or inexperienced students may not understand “Nested
Components”

Chat bubbies stay on the screen only for 20 seconds

People appear as avatars in exhibit space, but as a text list at
exhibit; reap is replaced by miniaturized windows in exhibit
display

Information on others’ activities only available with extra effort;
chat bubbles in room avertap for large groups; red color used
for alerts will not be detectable by color-blind individuals

Refationship between exhibit and nested components not dlear;
when you change view, what happens to nested component?
Must open each nested compoenent individually, i.e., no

“display all™

“File type not recognized” doesn't indicate how to fix problem

when Excel or other source applications are not installed on
client machine

Multipie independent windows are difficult to distinguish and
manage

Help information on how to extend file types assumes
familiarity with simitar dialogs in Web browsers

we carried out an informal usability inspection using the guidelines suggested
by Nieisen (1994} Table 7.3 summarizes usability issues raised during this
inspection.

The inspection was carried out as an informal “walk-through” of the design
scenarios. We stepped through each scenario and considered whether the acters
might have problems in any of the ten areas identified by Nielsen’s (1994) guide-
lines (left column). We did not worry about the severity of the problems at this
point, so some of the problems listed in the table may be unlikely or have little
impact. For example, few people will have difficulty recognizing that avatars and
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text names are different views of the same individuals. However, & visitor forced
to carry out many selections and double-clicks to open many nested components
may become very frustrated,

A usability inspection such as in Table 7.3 provides an eatly indication of
possible problems, simifar to that provided by a claims analysis. Even if no
empirical studies were carried out, this list of problems couid be prioritized and
handed back to the design tears for their consideration: and possible redesign. Of
course, as for any inspection technique, the list of problems identified is mean-
ingful oniy to the extent the problems will arise in actual use, and without
empiricat data these judgments can only be based on oginion.

Developing Usability Specifications

In parallel with ongeing inspection and claims analysis, usability specifications
were developed for each of the science fair design scenarios. Table 7.4 illustrates
the first step in developing usability specifications (we have focused on the two
interaction design scenarios presented in Chapter 5; see Figures 5.5 and 5.6).

Fach scenaric was decomposed into critical subtasks—the key features of
the system that are influencing people’s experience. The claims analyzed duting
design were used as a guide in identifying the subtasks. The list is not exhaustive,
but rather highlights the system functionality most likely to affect system useful-
ness, ease of learning or use, or satisfaction. Thus, the subtasks cover a nurmber of
the open issues discussed during design (e.g., nested components and use of the
control-key commands}. This is the sense in which usability specifications sup-
port mediated evaluation—the results of analytic evaluation are used to set up an
empirical evatuation plan.

Table 7.4 Subtasks analyzed from the VSF design scenarios.
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Table 7.5 presents two fully elaborated usability specifications. Each sce-
nario has been broken into subtasks, and target levels for users’ performance and
subjective reactions have been specified. The performance measures are based on
time to perform s subtask and the number of errors made. Satisfaction is mea-
sured on a S-point attitude scale. For example, “confusion” after the first subtask
is rated on 2 scale from ! = “not at alt confusing” to 3 = “extremely confusing.”

Interaction

Design Scenario Subtasks Identified from Claims Analysis

Identify and synchronize views; Upload loca! file; Open
and work with source appfication; Create nested
component

Mr. King coaches Sally

Alicia and Delia visit Find location of specified visitor; Join an exhibit; View

the fair specified exhibit element; Cpen and work with source
application; Review and modify FAQ; Access and view
nested cornponent

Table 7.5 Detalied usability specifications for two scenario contexts.

Scenario and Subtasks

Interaction Scenario:
Mr. King coaches Sally

. tdentify Sally's view
and synchronize

[

. Upload fite from
the PC

w

. Open, modify, attempt
to save Excel file

4. Create nested exhibit
component

Interaction Scenario:
Alicia and Delia visit
the fair

5. Find Marge at the V5F

o

Open Sally's exhibit

~1

. View data anaiysis

8. Open and manipulate
Excel charts

S. Review and contribute
to FAQs

10. Access and view
Martin's experiment

Worst Case

2.5 on usefuiness,
ease of use, and
satisfaction

1 minute, 1 error
3 or: confusion

3 minutes, 2 errors
3 on familiarity
2 minutes, 1 error
3 on confidence

5 minutes, 3 errors
3 on compiexity

3 on usefulness
and ease of use

1% seconds, 1 error
3 on awareness

60 seconds, 1 error
3 on directness

30 seconds, 2 errors
3 on predictability
5 minutes, 2 errors
3 on engagement

2 minutes, 2 errors
3 on tedium

1.5 minutes, 2 errors
3 on obscurity

Planned

4 on usefuiness,
ease of use, and
satisfaction

30 seconds, O errors
2 on confusion

1 minute, 1 error

4 on familiarity

1 minute, 0 errors
4.5 on confidence
1 minute, 1 error

2 on complexity

4 on usefulness
and ease of use

5 seconds, 0 errors
4 on awareness

15 seconds, 1 error
4 on directness

15 seconds, 1 error
4.5 on predictability

1 minute, G errors
4 on engagement
1 minute, 0 errors
2 on tedium

45 seconds, 0 errors
2 on obscurity

Best Case

5 on usefulness,
ease of use, and
satisfaction

10 seconds, 0 errors
1 on confusion

30 seconds, O errors
5 on familiarity
30 seconds, G errors
5 on confidence

30 seconds, 0 errors
1 on complexity

5 on usefulness
and ease of use

1 second, 0 errors
5 on awareness

5 seconds, G errors
5 on directness

3 seconds, 0 errors
5 on predictability
30 seconds, D errors
5 on engagement

30 seconds, 0 errors
1 on tedium

20 seconds, O errors
1 on chscurity
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Some scales are written so that a higher number means a mote positive rating,
while some are reversed. In all cases, the target levels are interpreted as an aver-
age across ali test participants.

it is ipportant that the usability outcomes in the specification are concrete
and testable, Each subtask names a test task that will be observed; the target per-
formance and satisfaction levels specify exactly what measures should be col-
jected. These subtasks are evaluated over and over during develcpment as a
venchmark of progress toward agreed usability objectives.

The three levels of outcomes bound the iterative development process:
“Best case” Is determined by having an expert carry out the task; anything below
“worst case” indicates failure. “Planned level” is the actual target, and shouid be
a feasible and realistic statement of usability objectives. Initially, these usability
outcomes reflect an educated guess and are based on the design team’s experi-
ence with the prototype ot with other systems having similar functionality. it is
possible that these levels will change slightly as users’ actual performance and
reactions are studied, but it is crucial that 2 team {and its management) take the
numbers serlously as targets to be achieved.

Notice that along with time, errozs, and satisfaction measures for each sub-
task, Table 7.5 specifies satisfaction judgments for the interaction design scenatio
itself, A full scenario includes so many features that it would be difficult to pre-
dict precise performance measures. However, the team can certainly ask test users
to try out the functionality described in a scenario, and measure subjective reac-
tions to this experience. Measures like these can be used to specify usability out-
comes even for a rather open-ended scenario exploration.

Testing Usability Specifications

Usability testing should not be restricted to the design scenarios, Eatly in devel-
opment, if a scenario machine is the only available prototype, empirical evalua-
tion may necessarily be limited to these tasks. But when a more general-purpose
prototype is ready, new activities and subtasks should be introduced into the
evaluation. This is important in SBD, because exclusive attention to a small set of
design scenarios can lead to a system that has been optimized for these situations
at the expense of others.

Figure 7.5 shows one technigue for generating new activity scenarios. The
left column summarizes the five design scenarios developed in Chapters 3
through 3. The scenarios on the right were created by bringing in actors with dif-
fering backgrounds and motivations, but with overlapping system functionality
and user interface features. This strategy works well early ir: 2 system’s lifecycle,
when only some of a system’s features are available (i.e., that specified in the
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Original Scenario

Sally pians her exhibit on black hofes: An
experienced science fair participant organizes
her many diverse elements using the tem-
plate. She pays special attention to com-
ponents that will make her exhibit more
interactive because she knows this will give
her points with the judges.

Mr. King coaches Salfly: An experienced
science fair advisor coaches Sally from home
in the evening. He goes over each piece of
the exhibit, then helps her make it less
complex by finding a way to nest materials.

Alicia and Delia go to the fair: A busy mother
and her daughter log into the fair after
school. They see other pecple there and join
an old friend at Sally's exhibit. They see Sally's
exhibit, and Delia gets interested and asks
questions.

Ralph judges the high school physics profects:
Ralph is an experienced judge with well-
developed strategies. He has enough expe-
rience with judging and with technology to
propose and provide the rationale for &
medification to the judges’ ratings form.

Rachel prepares a summary for Carlisle: The
superintendent wants an impressive summary

Extension or Generatization

Ben and Marissa collaborate on a project: Two
students participate in the science fair for the
first time, They work independently, and then
come together to organize and integrate
their sections. Neither is familiar with how to
organize or present a science project, so they
rely a lot on the templates and help infor-
mation, and they revise their project a lot as
they work.

Cheryl makes some suggestions: Cheryl is a
retived biochemist who is part of the online
seniors group. She sees the VSF advertised in
MOQsburg and visits several weeks before the
exhibits are done. She browses several biclogy
exhibits under construction and leaves com-
ments on the message boards.

belia brings her friend Stacy back to Saliy’s
exhibit: in school the next day, Delia takes her
lab partner Stacy to Sally’s exhibit. Sally isn't
there, so Delia shows the stored discussion to
Stacy, and demonstrates how to use the
spreadsheet and the biack hole simulation,

Mark judges for the first time: Because this
is his first year, Mark is unsure how te
proceed, He spends most of one day on the
task, sending out a number of emails for
guidance. At certain points he chats online
with his peers. Because of his uncertainty, he
edits his ratings and comments many times,
and prints them out for final review before
he submits them.

Schoof board member Jenkins thinks about
resources: Jim jenkins thinks the V5F has

{continued)

Figure 7.5 User interaction scenarios form the basis of usability evaluations.
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Figure 7.5 {continued)

to use in asking for more science fair

plenty of resources based on Superintendent

resources. Rachel first takes him on a virtual Carlisle’s presentation. But he goes back te
tour, then goas back herself to select and copy study the site more carefully. He is not very

out visuals from winning projects.

familiar with MGOsburg, so it takes him a
while to find and browse just a few exhibits,
but he confirms to himself that the fair needs
no further support for next year.

design scenarios), but the team wants to evaluate multiple use contexts. Later o,
test scenarios representing more radical extensions of the core design (e.g., a
teacher who takes her students on a “virtual tour” of the fair) can be developed
and evaluated.

The scenarios in Figure 7.5 were used in two sorts of usability testing. Barly
on, we simply asked test participants to adopt the perspective of an actor (e.g.,
Sally or Mr. King), and to simulate the scenario activity. For example, a simple
introduction such as the following was given:

Imagine that you are Alicia Sampson, owner of a hardware store in
Blacksburg. You are already familiaxr with MOOQsburg, but have not
visited the Virtual Science Fair. You are busy and somewhat ambivalent
about attending science fairs in general, but this vear your neighbor
Jeff is a participant and your daughter Delia has shown some interest.
One afternoon Delia shows you a URL and the two of you decide to log
on and visit together. Go to the fair, locate your friend Marge who is
aiready there, join her, and explore the exhibit she is browsing.

The test participants then explored the system with these instructions in mind.
We asked the participants to think out leud as they used the system, and we
observed their actions with the system. After each scenaric we asked them to rate
their experience with respect to usefulness, ease of use, and satisfaction {(see Table
7.5} The goals of these early tests were very informal—we tried to understand
whether the system supported the scenarios as intended, and if not, the major
problem areas. In the rest of this section, we desctibe the more careful testing we
conducted on individual subtasks.

Recruiting Test Participants

The participants in usability studies represent the population the system is
designed to support. This often means that evaluators will need to recruit indi-
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viduals from multiple stakeholder groups, For example, our science fair scenarios
inctude students, parents, teachers, community members, and school adminis-
tratols as actors. The scenarios also assume certain experience and knowledge
(recall the stakeholder profiles in Chapter 2). Sometimes it is difficult to recruit
participants from each of these groups (e.g., there are not very many school
administrators to draw from). A compromise is to ask individuals from one group
to role play the perspective and concerns of another group.

Even when a team can identify representative users, persuading them to
participate in a usability session can be challenging. Sometimes a system is novel
enough that users wili agree to work with it just for the experience. More typi-
cally, spending time evaluating a system means taking time away from some-
thing else {e.g., work or leisure time), Offering a small stipend will attract some
individuals, but ironically, the most appropriate users are often those who are
least available—they are busy doing just the tasks your system is designed to
enhance! Participatory design addresses some of these problems, because stake-
holders are involved in a variety of analysis and design activities. Unfortunately,
end users who contribute to design are ne longer good representatives of their
peers; they are members of the design team.

Regardless of how participants are recruited, it is important to remember
that they are just a sample of the entire population of users. Perscnality, experi-
ence, socioeconomic background, or other factors will naturally influence users’
behavior and reactions. Gathering relevant background information can demon-
strate that a test group is {or is not} a representative sample of the target popula-
tion. It also aids in interpretation of observed differences among individuais,

Developing Test Materials

Prior to beginning a usability test, the team must develop the instructions, sur-
veys, and data collection forms that will be used to coordinate the test sessions.
In this section, we illustrate the test materials developed for the science fair
usability tests.

An important concern in any test with human participants is that they be
treated fairly. The guidelines for ethical treatment of human subjects developed
by the American Psychiatric Association emphasize informed consent: The
study’s goals and procedures are summarized for each participant, questions if
any are answered, and the person is asked to sign a form affirming that he or she
is participating voluntarily and can withdraw at any time without penalty {Figure
7.6). In practice, this agreement oftens reads like a legal document—for exampie,
it may promise that videotapes wiil not be used for commercial purposes, or that
the participant wiil not disclose details of the prototype systems to other people.
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User Study of a Virtual Science Fair: Consent Form
Virginia Tech Computer Science Department and Center for Human-Camputer interaction

Study Geals: This research is being conducted to explore the usefuiness, ease of learning and use,
and satisfaction experienced by students, teachers, and community members interacting with a
Virtual Science Fair (VSF). The VSF is an extension of physical science fairs, in that exhibits can be
created and browsed online, communication can take place among visitors and exhibitors, judg-
ing takes place ontine, and so on. We will use the results of the study to refine the VSF. Note: We
ara interested in how wel} the system performs, not how well any individual is able to use it.

Pracedures: You will begin by filling out a brief background survey. Then, after reading some
brief instructions you will work through several tasks designed to introduce you to features of
the VSF. These instructions will be deliberately brief, in order to see how well the system can sup-
port use on its own. After the tasks, you will fill out a user reaction survey, and then witl be given
an opportunity to ask any questions you have about this study’s goals, procedures, or outcomes.

Throughout your interactions with the VSE, we will be collecting several sorts of information:
We will be videotaping your actions with the syster, as well as recording what happens on each
screen of the VSE One or more evaluators will be faking notes, measuring task start and stop
time, and noting any proklems that you encounter. To help us gather as much information
about the VSF as possible, we also will be asking you to think aloud about your goals, expecta-
tions, and reactions to the system as you work. At times we may prompt you to tell us what you
are thinking. We realize that providing e think-aloud commentary may be distracting, but it is
important for us to know what you are thinking as you carry out the tasks.

Participant Consent: Your participation in this experiment is entirely voluntary; there will be no
remuneration for the time you spend evaluating it. Al data gathered from the usability study
will be treated in a confidential fashion: It will be archived in a secure location and will be inter-
preted only for purposes of this evaluation. When your data are reported or described, all iden-
tifying information will be removed. There are no known risks to participation in this experiment,
and you may withdraw at any point, Please feel free to ask the evaluators if you have any other
questions; otherwise, if you are willing to participate, please sign and date this form.

Name Cate

If there are any questicns, please contact Dr. Mary Beth Rosson, 231-6470, rosson@vt.edu.

Figure 7.6 Sample informed consent form used in V5F formative evaluation.
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in these situations, the wording must be developed even more carefully to ensure
that participants understand their role and responsibilities.

A user background survey collects information about participants’ back-
ground and expectations prior to using a system. Typically, this survey will be
completed at the beginning of a usability test session, but on occasion a usability
team may recruit participants in an ongoing fashion, so that they always have a
panel of users from which they select individuats for specific evaluation sessions.
The background survey need not be extensive; indeed, if the users are asked to
spend a lot of time in advance filling cut a questionnaire, their interest in work-
ing on the system may decline or disappear. Consider carefully what participant
characteristics are most likely to influence users’ interactions with the system,

Figure 7.7 shows the background survey developed for the science fair stud-
ies. We ask about participants’ occupations and their experience with science
fairs so that we can categorize them into one of our major stakeholder groups.
Their general computing experience, and more specifically their experience with
MQOs, help us to understand their technology background and is useful in un-
derstanding any personal variations we might observe (e.g., a very successful
experience of a high school student who has been using MOOs for several years).
The final open-ended question gives participants a chance to disclose any other
persenal data that they believe might be relevant.

The background survey alse measures pre-test attitudes about online sci-
ence fairs. We developed three Likert scales—an assertion followed by 2 response
scale ranging from Strongly Agree to Strongly Disagree—to measure pre-test
expectations about online science fairs and science education. We will repeat
these 1ating scales in a user reaction survey administered after the test tasks (i.e.,
a post-test), o that we can look for changes relative to the pre-test judgments.

Figures 7.8 and 7.9 present instructions developed for the VSF testing. We
show both general instructions {provided once at the beginning of the testing)
and task-specific instructions {provided at the beginning of each subtask). The
general instructions provide an overview of the procedure and communicate
requirements shared by all tasks {e.g., thinking aloud and indicating task starst
and stop).

The task instructions should motivate and guide participants through the
two groups of subtasks detailed in the earlier usability specifications (Table 7.5).
In this example, the subtasks are the four elements selected from the coaching
scenario. A brief context description sets the scene, specifying details of the
actors and situation that are relevant to the individual tasks that will follow.

Each subtask is presented as briefly as possible—again, remember that the
goal of the testing is to see how weli the system supports the tasks, not how well
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User Background Survey
Virginia Tech Computer Science Department and Center for Human-Computer interaction

Thank you for agreeing to participate in the study. Before we begin, it wilt be useful for us to
know more about your background—your experience with science fairs, with technology, and
so on. This wili help us to better understand your interactions and reactions to the system. Re-
member that ali personal data will be treated confidentiaily and reported with no identifying
infarmation.

Name: Occupation:

Age: Years of Education: Years a resident in Blacksburg:

For how many years have you been using computers? .
Please describe your typical computer use {e.g., over a period of a waek). As part of the descrip-
tion, please indicate the type(s} of computer(s) that you use on a reguiar basis:

Have you had any experience with science fairs? If yes, please describe:

Have you had any experience with virtual worlds (MGOs, MUDs, other ontine communities)? If
yes, piease describe;

Please respend to the following 2 items by circiing the opinion that best corresponds to your

1. Browsing an online science exhibit is like visiting a science fair in the real world.
Strongly Disagree Disagree Neutral Agree Strongly Agree

2. Ontine science exhibits are diverse and of interast to a wide range of visitors.
Strongly Disagree Disagree Neutral Agree Strengly Agree

3. There are many cpportunities for me to become invoived in students’ science projects.
Strongly Disagree Disagree Neutral Agree Strongly Agree

is there anything else we should know about your interests or background? if yes, briefly
describe:

own. Note that in some cases, this may require you to make & prediction about online activities.

figure 7.7 Sample user background survey for a VSF usability test.
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General instructions for Science Fair Study

in the next 30 minutes or so, you will be carrying out ten tasks within the Virtual Science Fair.
These tasks are organized into two groups of four and six. Each group wili be introduced with a
story line that describes the role and situation we would like you to adopt for that set of tasks,
and then each task is specified individually. Note that we intentionally leave out some of the
detailed task steps so that we can determine how well the system can guide your interactions
with it. If you are confused at any point, please just make your best guess about haw to proceed,

using the information that you have been given. We will intervene if necessary to help you make
progress.

At the start of each task, please say out loud: “Beginning Task” followed by the number of the
task. When you are done, piease say: “Task Complete,” Alse, please remember to think out foud
as you work. It is very important for us to understand your goals, expectations, and reactions as
you work through the tasks. Any further questions?

Figure 7.8 General instructions for the VSF usability testing.

Specific Task Instructions for Science Fair Study

Background to Tasks 1 through 4

Imagine that you are Mr. King, an experienced science teacher who has coached many student
projects in the past. This year you are advising Sally Harris on her black hoies project. You are
both very busy, but have arranged to meet in the VSF at 8 smt tonight. When you arrive, Sally is al-
ready there working.

Task 1:
Find out what exhibit component Sally is working on and synchronize your view with hers.

Task 2:

While Sally works on her Title Page, upioad the Word file "Bibliography.doc” (on your desktop)
into the exhibit element named "Bibliography.”

Task 3:
Cpen the exhibit element that is an Excel document and modify the title of the chart to be
“Interaction of Mass and Movement.” Save your change.

Task 4
Open the simulation element and add a nested folder named "Visitor Experiments.”

Figure 7.2 Task-specific instructions for the ¢oaching scenaric subtasks.
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the evaluator can describe what steps to take, However, it is important to supply
the details needed to carry out a step, such as the name of a file to be uploaded.
Each task assumes that the system is in an appropriate starting state. For exam-
ple, when the user begins Task 1, he or she should see Sally's exhibit as it. would
appear when Mr. King first arrives; a co-evaluator should be online playing the
role of Sally.

The task instructions guide users’ interactions with the prototype, and eval-
uators collect various pieces of data as these interactions take place. In some
cases, the data collected by hand will be minimal. Software systems can be instrit-
mented to collect user input events and system responses, and a yideo camera
can easily capture visible user behavior and comments. However, the review and
analysis of these comprehensive data records are very time consuming (¢.g., two
to four hours for each hour of videotape recorded), so most evaluations will also
employ one or more human observers (perhaps hidden behind a one-way.mir-
ron). In the science fair study, we used the simple data collection form in Figure
7.10 to record times, errors, and other interesting behavior.

Figure 7.11 shows part of the user reaction survey we developed to assess
participants’ subjective impressions of the science fair system. A reaction survey
is usually mare extensive than a background survey; by the time users complete
this form, they have worked through a number of test tasks, and are primed to

Data Collection Form for VSF Study

Date: Participant 1D: Evaluator:

Task Number: Start time: Stop time:

Comments made by participant:

Errors or problems observed (including assistance offered):

Other relevant observations:

Figure 7.10 A data collection form developed for VSF usability testing.
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User Reactions Survey
Virginia Tech Computer Science Department and Center for Human-Computer Interaction

Now that you have compteted the VSF tasks, we would like to know some of your reactions, both
in general and fo specific features of the system.

Name:

What three things did you like most about the VSF? Why?
What three things did you fike ieast about the VSF? Why?
1f the VSF was made available to you, would you use it or not? Why?

Please respond to the following 10 items by cirding the opinion that best corresponds to your
own.

1. Browsing an online science exhibit is fke visiting a science fair in the real world.

Strongly Disagree Disagree Neutral Agree Strongly Agres
2. Online science exhibits are diverse and of interest to a wide range of visitors.

Strongly Disagree Disagree Neutral Agree Strongly Agree

3. There are many opportunities for me to become involved in students’ science projects.
Strongiy Disagree Disagree Neutral Agree Strongly Agreee

4. was confused by the commands used to syrchronize and unsynchronize my view with others.
Strongly Disagree Disagree Neutral Agree Strangly Agree

5. The procedure for upleading fifes into exhibit components is familiar to me.
Strongly Disagree Disagree Neutral Agree Strongly Agree

6. Learning that I could not make permanent changes to project data increased my confidence.
Strongly Disagree Disagree Neutral Agree Strongly Agree

7. Creating a new exhibit element that is nested behind another element is complex.
Strongly Disagree Disagree Neutral Agree Strongly Agree

8. It was easy to stay aware of what other co-present users were doing.
Strongly Disagree Disagree Neutrai Agree Strongly Agree

< more Likert scales, testing the satisfaction specifications for the other subtasks . .. >

What would you suggest as changes to the design of the VSF {including the projects you
browsed)?

Do you have any other final comments or reactions?

Thanks again for your participation!!

Figure 7.11 Part of the user reaction survey used in the science fair testing.
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report their reactions. This particular survey combines several open-ended gues-
tions with a set of Likert rating scales. The former are probes similar to those used
in critical incident interviews, where the goal is to discover what stands out in
users’ memories.

The Likert scales used in the pre-test survey are repeated, along with scales
designed to measure the satisfaction outcomes specified earlier (Table 7.5).
For example, ltem 4 queries users’ confusion stemming from the Control +F
mechanism for sychronizing views; Item 5 measures the extent to whick the file-
uploading procedure is familiar te users; and so on. The final open-ended ques-
tions again enable participants to veice any additional reactions or suggestions.

Conducting the Usability Test

For a usability test to be meaningful, participants must feel comfortable and able
to concentrate on their assigned tasks. The evaluators must be certain that partic-
ipants know what is expected, but once this is established, they should make
themselves as invisible as possible. Usability labs equipped with remote videc or
one-way mirrors for observation help to distance evaluators from participants. If
one or more evaluators stay in the room to observe and take notes, they should
step back out of the participants’ periphera} vision and refrain from distracting
movements or noises.

It is understandably difficult to keep an appropriate distance when partici-
pants have difficulty with a task—the natural human reaction is to offer assis-
tance or advice. For this reason, it is essential to consider in advance which steps
in a task are most likely to cause difficulties, and to develop an assistance policy
that specifies when and how much help to provide.

The assistance policy should take into account the quality of the prototype
and the goals of the test. f the prototype has 2 help system, experimenters may
not intervene at all; participants are told to rely on the help documentation just
as they would in the real world. However, prototypes are often incompiete. Some-
times an intervention is necessary stmply to enable a patticipant to continue.

A good general strategy is to intervene in 2 graduated fashion: The first
time a participant experiences a problem, direct him or her back to the task
instructions and the screen display. If the problem persists or wossens, peint to
the specific instruction(s} or screen dispiay that is most likely to help. Finally, if
nothing else helps, specify exactly what to do (sometimes an evaluator must
physically intervene to help the participant recover from an eITor).

A related issue arises when participants are asked to think aloud as they
work. At the start of the session, individuals often need to be prompted, “What
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are you thinking?” to remind them to share their thoughts. As the test pro-
gresses, it is up to the evaluators to recognize when significant events take place
{either successful or problematic}, and to probe the users’ thoughts at that point
if commentary is not provided. After testing, a semi-structured interview, or de-
briefing, helps to resolve any questions that come up during the evaluation.
Knowing when and how to intervene (whether for assistance or for prompt-
ing think-aloud commentary) requires extensive familiarity with task steps and
with the current state of the prototype. For this reason, and to ensure that the
instructions and survey questions are working as planned, evaluators skould carry
out one or more pilot tests——practice sessions in which one or twe participants
try out the materials, while the evaluators look for ways to refine the instructions,
data-gathering procedures, and so on. Pilot tests can usually be carried out quite
informally; for example, colieagues can be asked to test.drive the materials.

Reporting Test Results

The goal of an empirical evaluation is to discover as much as possible about
whether and how a system is meeting its usability specifications, and tc develop
suggestions for improving the design. To fulfill this goal, the evalzators must
understand not just what test participants did during the test tasks, but why they
behaved and reacted as they did. This is accomplished by first characterizing the
test participants, and then examining in detail their behavior (e.g., time, errors,
and interaction: episodes), and subjective reactions (e.g., comments while using
the system and ratings or opinions provided after the tests),

Participant Background  Several types of user characteristics were measured in our
user background survey. Occupation is a categorical variable; the response of
each participant is grouped into categories such as student or community mem-
ber. Categorical variables are normaliy summarized as a frequency or count for
each category (e.8., 5 students, 2 professionals, 3 housewives} and are often dis-
played in a bar chart (Figure 7.12). Categorical variables may also be expressed as
percents or proportions, if the goal is to contrast different categories. Sometimes
the data from more than one variable is graphed in the same chart, to illustrate
relationships between variables.

Participants’ occupation responses on the background survey were used to
assign them to cone of four stakeholder groups; the chart on the left of Figure
7.12 shows that we tested 12 students, 8 community members, 4 teachers, and 2
school administrators. The histogram on the right summarizes computer use
across the different user groups. It shows that, as expected, the students and
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Test Users fram Each Stakeholder Group Windows versus Mac across User Groups

Windows
[ macintosh

$tudents Community Teachers Administrators Students Community Teachers Administrators

Members Members

Figure 7.12 Categerical data from the VSF usability test, £ach histogram shows the frequency of
responses in that category.

community members are most likely to be using PCs, but that the education
professionals are just as likely to use Macintosh computers.

An ordinal variable has values that have an inherent otder, such as a scale
that measures reactions from “positive” to “neutral” to “negative.” These vari-
ables are also summarized with frequencies and histograms. In contrast, the val-
ues of an interval variable represent an ordered scale where the difference
berween any two neighboring values is known to be equal. Examples of these
variables are age, years of education, and years of residency. These data are nor-
mally summarized with descriptive statistics such as means, modes, medians, and
measures of variability.

Table 7.6 reports descriptive statistics for several questions about user back-
ground; each cell reports the mean and standard deviation for users in that group
{the number or n in each group is shown in the header). A summary such as
Table 7.6, combined with charts such as those those in Figure 7.12, provides a
comprehensive description of the people serving as test participants. Notice that
both the students and community members tend to be longtime residents, de-
spite their wide variation: in age and level of education.

Task Performance and Satisfaction  The results from the usability test fall into two
general groups: objective data concerning users’ performance (generally time and
errors, sometimes an inventory of behaviors), and subjective data concerning
their attitudes and reactions (the ratings and comments they make during or
after their interactions with the system).
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Table 7.6 teans {and standard deviations) for three background measures, broken down by user
group.

Participant

characteristics Students Community Teachers Administrators
{in years} {n=12) {n=8) {n=4) n=2)

Age 14.5(1.18) 54.7 (7.69) 38.3(5.41) 45.8 (2.44)
Education 10.0 (1.55) 17.8 (4.43} 16.5{1.94) 17.3 (3.44)
Residency 10.5 (2.65) 12.3(3.0%) 8.3(2.87) 5.9 (5.22)

Table 2.7 Summary of time (and standard deviations) and errors on four VSF test tasks {across afl 26
participants).

VSF Task Mean Time (seconds) Mean Errors
1. Synchronizing views 40.20 (3.12) 1.6
2. Upioading a file 115.30 (15.33) 2.2
3. Interacting with Excel 62.55 (2.30) 0.9
4, Adding a nested element 143.13 (20.41) 28
Combined total 361.18 (10.29) 5.2

Summarizing performance data is straightforward. Task times are easy to
report with means and measures of variability. Errors are counted and reported as
total frequencies, or as an average frequency across users. If there are many errors,
it may be useful to first categorize them into groups (e.g., navigation or editing).

Table 7.7 summarizes performance on the four subtasks from the coaching
scenario. Generally, results are summarized task by task {e.g., the average time to
complete Task 1 was 40.20 seconds, with an average of 1.6 errors made across the
26 participants). This allows easy comparzison to the usability specifications
developed earlier (Table 7.5), and makes clear which tasks are particularly prob-
lematic or successful. For example, we can see that creating a nested component
took much longer than specified, and that most of the tasks produced some
degree of error.

When there are many tasks, or when the tasks fall into natural groupings
(e.g., by source scenario}, it may be helpful to combine task times and errors,
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fable 7.8  Summary of satisfaction ratings for VSF test tasks (across 26 participants).
Strongly Disagree = 1; Disagree = 2; Neutral = 3; Agree = 4; and Strongly Agree = 5.

Likert item Mean Rating Change

1. VSF 35 like real world 2.2(1.55) +1.01 (0,15}
2. Exhibits diverse, interesting 4.1 (1.67) 4+0.55 (0.25)
3, Oppertunities for science project involvement 29 (211 +0.%0 {0.09)
4. Confusion about synchronization 3.5(0.91)

5. Familiarity of file-uploading dialeg 4.2 (1.02)

6. Confidence when interacting with project data 3.7 (2.24)

~4

. Complexity of creating & nested element 4.0{1.94)

developing composite performance measures that represent more complex inter-
action sequences. If the evaluators suspect or observe differences related to user
background, the data may alse be decomposed and summarized as a function of
the various user characteristics.

In summarizing satisfaction outcomes, usability evaluators often treat rat-
ing scales as if they are interval variables—in other words, they treat each scale
position as if it were a number, and assume that the difference between any twe
positions is always the same. Even though experts agree that rating scales are not
as precise 2 measure as implied here, treating ratings as interval data makes it
much easier to summarize test results and to compare cutcomes for different user
groups or versions of a systermn. Thus, in Table 7.8 we use means and standard
deviations of the data from seven Likert scales.

Tabie 7.8 also presents change scores for the rating scales that were in-
cluded in both surveys. These attitude items were of a general nature, probing
views of an online science fair and involvement in science fair activities. The
assumption is that a positive experience overali should increase the positive re-
spanses on these scales; such an effect would appear as an overall positive differ-
ence, The data in the table suggest that while participants’ interactions with the
systemn may have enhanced their concept of a virtual science fair, they were not
persuaded that it will change their opportunities for becoming more involved in
science fairs.

Sometimes it is also useful to explore the relationship between user char-
acteristics and the performance or attitude measures collected. For example, an

|
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evaluation team might be interested in task time for experienced versus inexpe-
rienced computer users. Indeed, even if there was no deliberate sampling of
users with varying backgrounds, the performance or attitude data collected may
be highly variable across individuals. Such diversity is often a signal that per-
sonal characteristics are influencing users’ experiences, and a careful examina-
tion of user background variables may be essential to fully undesstand the
results obtained.

Verbal Protocols and User Behavior A more chalienging data summary task is the
organization and interpretation of the comments made by participants. Some of
these comments emerge during the test tasks, as participants think aloud about
their activities. Others are offered in response to open-ended questions included
on the user reaction survey. It is the great diversity and subjective nature of these
data that make them difficult to sumimarize,

The simplest approach is to develop categories that capture major themes
in the comments. For exampie, comments might be categorized as positive or
negative, or they might be divided into function areas, such as navigation, error
recovery, and 50 on, For sutvey questions asking for “the three worst things,” a
summary of this sort can be very heipful in guiding redesign, particularly if users
are also asked why they highlighted a particular feature. Categorical data such as
these could be summarized with frequency, percentage, or proportion scores
(e.g., in a table or histogram).

A more detaited analysis may be deveioped to understand individual users’
interactions with a system. The raw data in this case are behaviors documented
through observers’ notes, videotape or screen capture, and corresponding think-
aloud protocols. Figure 7.13 shows such an episcde from the science fair testing.
Such episodes can be examined for events that reveal misunderstandings {or cor-
rect inferences) about the system. For exampie, this particular episode suggests
that the user did not at first realize that she could double-click on the miniature
windows to open the underlying application. If this same problem were observed
for a number of users, the design team might consider a redesign that makes the
“application-launch” functionality more apparent {e.g., recall the icon design
discussion in Chapter 4).

This sort of qualitative analysis demonstrates a form of critical incident
analysis that is very common and very useful in formative usability evalua-
tion. The data obtained through observation and think-aloud studies, aithough
qualitative and somewhat anecdotal in character, can have a tremendous influ-
ence on software developers, simply because the usage experience it conveys is
so rich.
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00:00 <begins spreadsheet task>
“That looks tike an Excel chart, | guess that’s what I'm supposed to work on.”
00:15 <clicks on Excal miniature window:>
760 | see the chart up there, but how am [ supposed to change it?
Maybe | can type directly on that screen?”
<gesturing at main viewing area>
00:50 <tries to type into the main screen, nothing happens>
“Uh-oh, | hope | didn‘t break this, | can‘t type anything here. Isit frozen?”
<trigs selecting another element, it works, then back to Excel>
“But | stil} cant do anything!”
<stops and looks around, not ciear what thoughts are>
01:35 <starts iocking at menu bar>
“So maybe this is just to loak at and I need to use & menu or something.”
... Or maybe—ah, that’s it!”

<double-clicks on icon, it opens . . . continues the task>

Figure 7.13 A partial episode transcript from Task 3, merging records of what the user
was doing with her think-aloud commentary.

Assessing and Refining Usability Specifications

it is easy to become jost in the details of data collected in an empirical study. The
team must always keep in mind the relative costs and benefits of the technigues
they are using—for instance, eatly in system developmernt, contrel and precision
may be less critical than seeing if a particular scenario or subtask is even possible
for users. In such cases, it is perfectly reasonable to rely on informat testing situa-
tions, as long as the team understands the limitations of these more informal
methods (e.g., Jower test validity).

Howaever, in the longer term, it is the development and constant reference
to a set of usability specifications that guides a usability engineering process. Par-
ticipants’ performance and subjective reactions are compared to the expec_ted
levels. When test data are considerably worse than the projected levels, a2 warning
flag is raised; the evaluators must then carefully analyze the detailed usage data
to determine how to Tesolve the problem. If the test data are considerably better
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than expected, a different warning flag is raised—in this case, the team may have
been tco conservative in their usability objectives, or may have inadvertently
developed instructions or test procedures that oversimplified or trivialized a task.

Surmmary and Review

This chapter has presented the rationales and examples of usability evaluation in
the design of interactive systems. The discussion was organized by Scriven’s
(1967) contrasts of formative and summative evaluation, and of analytic and
empirical evaluation. The science fair project was used to demonstrate how de-
sign scenarios and claims can be directed toward the goals of usabitity evalua-
tion. Central points to remember include:

Formative evaluation emphasizes guidance for redesign, whereas sumrma-
tive evaluation emphasizes assessment of a system’s overall quality.

Scenarios can be reformulated as usability specifications, because they
describe the usability consequences of specific system features. For testing
purposes, scenarios are broken into subtasks that serve as usability bench-
marks in development.

¢ Analytic methods such as inspection or model building can take place at

any time in development, but may not reflect the issues that emerge dur-
ing actual use.

* kmportant concerns in empirical evaluations include representative users,
realistic tasks and work environment, and the guality of the prototype
tested.

+ Asking users to think aloud as they work through: test tasks provides
important insights into how they are forming and pursuing goals, and
how they are making sense of what happens when they attermnpt actions.

* Summarizing user behavior and think-aloud reports in terms of critical
incidents (both positive and negative} can be a highly evocative {albeit
anecdotal) mecharism for educating and influencing software developers,

* Independent variables are the factors expected to have an effect on users’
experience; dependent variables are the behaviors or reactions measured
to assess these effects.

* Claims analysis and other analytic methods (e.g., usability inspection) can
be used to identify and prioritize subtasks for detailed analysis in usability
testing.
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Exercises

Chapter 7 Usability Evaluation

Writing new scenarios just for the purposes of usability testing is impor-
tant to ensure generality and coverage of the design work.

During usability testing, it is important to gather relevant background
information ahout each user, so as to best interpret the behavior and satis-
faction data obtained.

Careful planning must be directed at all aspects of the usability test (e.g.,
instructions, assistance policy, background and reaction surveys) Lo ensure
that useful and interpretable data are collected,

—

Ly

ks

o

o

. Carry out a usability inspection of the Web site for Amazon.com., Using

the example in Table 7.3 as a model, play the role of a usability expert
working from Nielsen’s guidelines. Scope the analysis by first choosing
two concrete tasks {e.g., finding a particular product), and then identify
usability problems associated with each task. Be sure to describe the tasks
you focused on along with the problems that you identify.

Discuss the problem of recruiting representative users for 5 usability test of
a Java development environment. Suggest some strategies you might use
to address these problems, What would you do if you ¢ould not recruit
gxpert Java programmers?

_Thick back over your last few weeks of surfing the Web. Can you remerm-

ber any episodes that you would report as “critical incidents”? If so, what
rmakes them critical? If you can’t remember any, interview friends and see
what they remember.

Complete the set of Likert scales in Figure 7.11, Using items 4 through 8
as models, write one additional rating scale for subtasks 6 through 10 in
Table 7.5. Remember that the scale should be specific to the aspect of satis-
faction singled out in the specification {i.e., directness, predictability,
engagement, tedium, and obscurity).

_ Add another column of new scenarios to Figure 7.5. Use the same tech-

nique demonstrated there, working with simitar functionality in each
case, but bringing in the goals and concerns of sets of actors.

_ Collect a brief think-aloud protocol of a friend searching the Web for

information about the international Space Statior., Provide a version of
the general instzuctions in Figure 7.8, and then record (preferably using a
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tape recorder) all remarks made. Create a transcript like the one in Figure
7.13, and then look for evidence of how your friend thinks about this
task. What does it tell you about his or her mental model of the Web and
understanding of search machines? What organizations and people are
concerned with space stations?

Plan, conduct, and report on a usability evaluation of your online shopping
system:

+

Use your scenarios and claims to define subtasks and create usability speci-
fications. Discuss and select realistic performance and satisfaction levels,
using performance on similar systems as a guide.

Design and constrixct testing materials (consent form, instructions, back-
ground and reaction surveys, and data collection forms).

Recruit five or six participants (subjects) and carry out the study. Be sure to
plan all procedures in advance, including how errors will be recognized,
what other data will be coliected, when and how much assistance will be
provided, and 50 on.

Develop summary presentations and discussions of your test results. Focus
on the findings that are most out of line with the specifications, and con-
sider what you might do in redesign to address these issues.
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