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IBM Computer Usability Satisfaction
Questionnaires: Psychometric
Evaluation and Instructions for Use

James R. Lewis
IBM Corporation, Boca Raton, FL

This article describes recent research in subjective usability measurement
at IBM, focused on evaluating the psychometric properties of question-
naires designed for use in scenario-based usability evaluation. The ques-
tionnaires address evaluation at both a global overall system level and at
a more detailed scenario level. The primary goals of this article are to (a)
discuss the psychometric characteristics of IBM questionnaires that meas-
ure user satisfaction with computer system usability, and (b) provide the
questionnaires, with administration and scoring instructions. For scenario-
level measurement, the 3-item After-Scenario Questionnaire (ASQ) has
excellent internal consistency, with coefficient alphas across a set of scenar-
ios ranging from .90 to .96, For more global assessment, the Post-Study
System Usability Questionnaire (PSSUQ) also has excellent internal consis-
tency, with an overall coefficient alpha of .97. Preliminary principal factor
analysis of 48 PSSUQ questionnaires suggested the presence of three fac-
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58 J. R. Lewis

tors named, after varimax rotation, System Usefulness, Information Qual-
ity, and Interface Quality, with corresponding coefficient alphas of .96, .91,
and .91. Evaluation of 377 PSSUQ questionnaires (modified to allow mail-
ing to respondents in their offices and referred to as the Computer System
Usability Questionnaire, or CSUQ) confirmed the structure of the prelimi-
nary principal factor analysis. Consequently, usab1l1ty practitioners can
use these questionnaires to help them measure users’ satisfaction with the
usability of computer systems in the context of scenario-based usability

studies.

INTRODUCTION

Customers want usable products, and developers strive to produce them. It
follows that an important part of modern product engineering, both hardware
and software, must be the measurement of usability. Measuring usability is
particularly difficult because usability is not a unidimensional product or user
characteristic, but emerges as a multidimensional characteristic in the context of
users performing tasks with a product in,a specific environment (Bevan, Kirak-
owski, & Maissel, 1991; Shackel, 1984). However, if you are unable to measure
usability, how can you judge your product against your competitors’, or even
your own previous versions of the product? The appropriate measurement meth-
ods for assessing usability are not obvious, and are an ongoing concern of human
factors engineers involved in the development of computer systems.

A common approach to usability assessment is to ask a set of participants to
complete a set of usability assessment scenarios using the system of interest.
Usability assessment scenarios are sets of tasks in which users solve realistic
problems, such as how to create and print a document or how to compose and
send a piece of electronic mail. Researchers can measure usability in the context
of a scenario-based evaluation with both objective and subjective variables. Ob-
jective usability measures include, but are not limited to, scenario completion
time, successful scenario completion rate, and time spent recovering from errors
(Whiteside, Bennett, & Holtzblatt, 1988). Subjective usability measures are usu-
ally responses to Likert-type questionnaire items that assess user attitude con-
cerning attributes such as system ease of use and interface likeability (Alty, 1992).
Most usability evaluators collect both objective and subjective data. Which type
of measure is “best” depends on the purpose of the evaluation. If the develop-
ment goal of a new system is to increase productivity, then objective measures
are of primary importance. If the development goal is user satisfaction, then
subjective measures are more important. In either case, it is important to under-
stand the psychometric properties of the measures.

The goal of psychometrics is to establish the quality of psychological meas-
ures (Nunnally, 1978). Is a measure reliable in the sense that it is consistent?
Given a reliable measure, is it valid (measures the intended attribute)? Finally, is
the measure appropriately sensitive to experimental manipulations? Psychomet-
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Usability Questionnaires 59

rics is a well-developed field, but usability researchers have only recently used
these methods to develop and evaluate questionnaires to assess usability
(Sweeney & Dillon, 1987).

Brief Review of Psychometlric Practice

Reliability Goals. In psychometrics, a questionnaire’s reliability is a quan-
titative assessment of its consistency. After determining the relationship between
items and factors (with factor analysis, discussed later), the items that make up a
factor are the component items of a corresponding summative scale. The most
cormnmon way to estimate the reliability of these types of scales is with coefficient
alpha (Nunnally, 1978). Coefficient alpha can range from 0 (no reliability) to 1
(perfect reliability).' Measures that can affect an individual’s future, such as IQ
tests or college entrance exams should have a minimum reliability of .90, and pref-
erably, a reliability of .95. For other research or evaluation, measurement reliabil-
ity should be .70 to .80 (Landauer, 1988; Nunnally, 1978).

Validity Goals. A questionnaire’s validity is the extent to which it measures
what it claims to measure. Resear¢hers commonly use the Pearson correlation co-
efficient to assess criterion-related validity (the relationship between the measure
of interest and a different concurrent or predictive measure). This correlation does
not have to be large to provide evidence of validity. For personnel selection deci-
sions—decisions that may have a serious effect on an individual’s life—moderate
correlations (with absolute values as small as .30 to .40) are large enough to justify
the use of psychometric instruments (such as questionnaires; Nunnally, 1978). A
validity coefficient is concurrent if the measurements occur at the same time, and
is predictive if the measure of interest precedes the criterion measurement. An in-
strument can be reliable without being valid, but cannot be valid unless it is reli-
able. The staltistical feliability of an instrument and the reliability of the criterion
measurement set the upper limit of the criterion-related validity between the
measures. This is one reason that criterion-related validity coefficients tend to ap-
pear low (Nunnally, 1978).

Number of Scale Steps. All other things being equal, the more scale steps
the better, but with rapidly diminishing returns. Numerous studies show that the
reliability of individual rating scales is a monotonically increasing function of the
number of steps (Nunnally, 1978). As the number of scale steps increases from 2 to
20, the increase in reliability is very rapid at first, but tends to level off at about 7.
After 11 steps there is little gain in reliability from increasing the number of steps.
The question of the number of steps on a rating scale is very important if there is
only one scale, but is usually less important when summing scores over a number
of scales. Attitude scales tend to be highly reliable because the items tend to corre-
late rather highly with one another. Reliability, then, usually is not a serious prob-
lem in the construction of summated attitude scales (Nunnally, 1978). Many re-



60 J. R. Lewis

searchers use 7 scale steps as the appropriate balance between scale reliability and
discriminative demand on the respondent. '

Factor Analysis. Factor analysis is a statistical procedure that examines the
correlations among variables to discover clusters of related variables (Nunnally,
1978). Because summated (Likert) scales are more reliable than single-item scales

(Nunnally, 1978), and it is easier to present and interpret a smalier number of

scores, it is common to conduct a factor analysis to determine if there is a statistical
basis for the formation of summative scales. Generally, a factor analysis requires
atleast 5 participants per item to ensure stable factor estimates (Nunnally, 1978).

One way to determine the appropriate number of factors in a factor analysis
is to graph a scree plot of the factors’ eigenvalues (variances; Cliff, 1987; Nun-
nally, 1978). The point at which the slope of the line becomes discontinuous
indicates an appropriate number of factors for the analysis (Cliff, 1987). Discon-
tinuity analysis is one of the more effective means for determining the number of
factors (Coovert & McNelis, 1988). The basic approach of discontinuity analysis
is to calculate the differences between adjacent eigenvalues. A discontinuity
occurs when the magnitude of a difference exceeds the immediately preceding
difference. When this happens, it is reasonable to retain the same number of
factors as eigenvalues that precede the discontinuity. Researchers should avoid
using the common rule-of-thumb (and common computer package default) to let
the number of factors equal the number of eigenvalues that are greater than 1
(Cliff, 1987; Coovert & McNelis, 1988).

Calculating Scale Scores. From psychometric theory (Nunnally, 1978),
scale reliability is a function of the interrelatedness of scale items, the number of
scale steps per item, and the number of items in a scale. If a participant chooses not
to answer an item, the effect would be to reduce slightly the reliability of the scale
in that instance. In most cases, the remaining items should offer a reasonable esti-
mate of the appropriaté scale score. From a practical standpoint, averaging the an-
swered items to obtain the scale score enhances the flexibility of use of the ques-
tionnaire, because if an item is not appropriate in a specific context and users
choose not to answer it, the questionnaire is still useful. Also, users who do not an-
swer every item can stay in the sample. Finally, averaging items to obtain scale
scores does not affect the statistical properties of the scores, and standardizes the
range of scale scores. For example, with items based on 7-point scales, all the sum-
mative scales would also have scores that range from 1 to 7, regardless of the num-
ber of items per scale. This standardization makes scale scores easier to interpret
and compare.

Current Psychometric Instruments for Usability Evaluation of
Computer Systems

LaLomia and Sidowski (1990) reviewed six instruments that measure computer
satisfaction. The Gallagher Value of MIS Reports Scale and the Larcker and Lessig
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Usability Questionnaires 61

Perceived Importance and Usableness of MIS Reports Scales address satisfaction
with management information system (MIS) reports, and are clearly not applica-
ble to most scenario-based usability evaluations. The Hatcher and Diebert Com-
puter-Acceptance Scale measures how office personnel accept using a computer.
The Pearson and Bailey User Satisfaction Scale is a comprehensive measure, but
was developed to assess user satisfaction specifically with mainframe computer
systems, and requires about 20 min to complete.

Chin, Diehl, and Norman (1988) evaluated the Questionnaire for User In-
terface Satisfaction (QUIS) Version 5.0. The QUIS is a 27-item questionnaire
using 10-point bipolar scales, organized into five sections (Overall Reaction,
Screen, Terminology and System Information, Learning, and System Capabili-
ties). Principal factor analysis of the QUIS items for Screen, Terminology and
System Information, Learning, and System Capabilities (21 items, 96 partici-
pants) indicated the presence of four factors, roughly corresponding to these
four sections of the questionnaire. One screen item and one terminology item
failed to load on any factor. One system capabilities item loaded with the learn-
ing items. One system capabilities item, one terminology item, and one screen
item comprised the third factor. Overall, the internal consistency of the QUIS
was .94. No information is available regarding subscale reliability (basing
subscales on either the questionnaire sections or factors). The lack of corre.
spondence between item groups and underlying factors and the paucity of in-
formation regarding subscale reliability are problems that limit the usefulness
of the QUIS.

The Human Factors Research Group (HFRG) at University College Cork
(Kirakowski & Dillon, 1988) developed the Computer Satisfaction Inventory
(CUSI). The CUSI is a 22-item questionnaire containing two subscales, Affect
and Competence (determined using cluster analysis on ratings from 195 re-
spondents). The overall internal consistency was .94, with .91 for Affect and
.89 for Competence. Unlike the QUIS, researchers who wish to use the CUSI
must purchase it frgm the HFRG, which limits its general availability and use-
fulness.

Current Research Focus

The focus of this research was the application of psychometric methods to the
development and evaluation of standard questionnaires to assess subjective us-
ability. In contrast to other recent computer-user satisfaction questionnaires
(Chin et al., 1988; Kirakowski & Dillon, 1988) the IBM questionnaires are specifi-
cally for use in the context of scenario-based usability evaluation (Lewis, 1991a,
1991b, 1992b; Lewis, Henry, & Mack, 1990), although additional research has
indicated that one may be useful as an instrument for field evaluation (Lewis,
1992a). The goal of this article is to make these questionnaires and their psy-
chometric properties generally available to usability practitioners. (The question-
naires appear in the Appendix.)



62 J. R. Lewis

THE AFTER-SCENARIO QUESTIONNAIRE (ASQ)

In a scenario-based usability study, participants use a product, such as a com-
puter application, to do a series of realistic tasks. The After-Scenario Question-
naire (ASQ) is a 3-item questionnaire that IBM usability evaluators have used to
assess participant satisfaction after the completion of each scenario (see Appen-
dix for a copy of the questionnaire). The items address three important aspects of
user satisfaction with system usability: ease of task completion, time to complete
a task, and adequacy of support information (on-line help, messages, and docu-
mentation). Because the questionnaire is very short, it takes very little time for
participants to complete, an important practical consideration for usability stud-
ies. Usability professionals have used these items (or very similar items) in
usability studies at IBM for many years, but a recent series of studies has pro-
vided a database of sufficient size to allow a preliminary psychometric evalu-
ation of the ASQ.

The ASQ items are the constituent items for a summative (or Likert-type)
scale (Mclver & Carmines, 1981; Nunnally, 1978). In developing summative
scales, it is important to consider item construction, item selection, and psy-

chometric evaluation.
k

Item Construction

The items are 7-point graphic scales, anchored at the end points with strongly
agree (1) and strongly disagree (7), and a not applicable (N/A) point outside the
scale, as shown in the Appendix.

Item Selection o

The content of the items reflects aspects of usabi]ity that usability professionals
at IBM have generally considered important.

Psychometric Evaluation

The Office-Applications Studies. Scenario-based usability studies of
three office application systems (Lewis et al., 1990) provided the data for a psy-
chometric evaluation of the ASQ. Forty-eight employees of temporary help agen-
cies participated in the studies, with 15 hired in Hawthorne, New York, 15 hired
in Boca Raton, Florida, and 18 hired in Southbury, Connecticut. Each set of partici-
pants consisted of one-third clerical/secretarial work experience with no mouse
experience (SECNO), one-third business professionals with no mouse experience
(BPNO), and one-third business professionals with at least 3 months mouse expe-
rience (BPMS). All participants had at least 3 months experience using some type
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Usability Questionnaires 63

of computer system. They had no programming training or experience, and had
no (or very limited) knowledge of operating systems.

Popular word-processing applications, mail applications, calendar applica-
tions, and spreadsheet applications installed in three different operating environ-
ments comprised the three office systems (hereafter referred to as System I,
System I, and System III). The participants in Hawthorne used System I, those
in Boca Raton used System II, and those in Southbury used System III, resulting
in a confounding of location and system. (This confounding potentially affects
conclusions drawn regarding the systems, but has no effect on the psychometric
evaluation of the questionnaires.)

All three systems allowed windowing, used a mouse as a pointing device,
and allowed a certain amount of integration among the applications. The systems
differed in details of implementation, but were generally similar, The three word-
processing and spreadsheet applications were similar, but the mail and calendar
applications differed considerably. The studies contained eight scenarios in com-
mon, listed in Tabie 1.

Participants began the study with a brief lab tour, read a description of the
study’s purpose and the day’s agenda, and completed a background question-
naire. Participants using System I completed an interactive tutorial shipped with
the system. Tutors provided the other participants with a brief demonstration
about how to move, point, and select with a mouse, how to open the icons for
each product, and how to maximize and minimize windows, After this system
exploration period (usually about 1 hr), participants performed the scenarios,
completing the ASQ as they finished each scenario. While the participant per-
formed the scenario, an observer logged the participant’s activities. If the partici-
pant completed the scenario without assistance and produced the correct output,
then he or she completed the scenario successfully. Either after completing all
scenarios or at the end of the workday (with some scenarios never attempted),
participants provided an overall system rating with the Post-Study System Us-
ability Questidnnaire (PSSUQ; Lewis, 1992b; Lewis et al,, 1990). Participants
usually needed a full work day (8 hr) to complete the study.

Table 1. Descriptions of the Eight Office-Applications Scenarios

Scenario Type Component Tasks

Mail (M1A) Open, reply to, and delete a note.

Mail (M1B) Open, reply to, and delete a note.

Mail (M2) Open a note, forward with reply, save and print the note.

Address (Al) Create, change, and delete address entries.

File Management (F1) Rename, copy, and delete a file.

Editor (E1) Create and save a short document.

Editor (E2) Locate and edit a document, open a note, copy text from the note into
the document, save and print the document. )

Decision Support (D1) Create a small spreadsheet, open a document, copy the spreadsheet

into the document, save and print the document, save the spreadsheet
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At the end of the three studies, the researchers entered the responses to the
ASQ, PSSUQ, and the scenario completion data into a database. From this data-
base, it was possible to analyze the ASQ’s reliability, validity, and sensitivity.

Rellability. It makes little sense to attempt to derive factors for a 3-item
scale, but it is possible to assess the scale’s reliability using coefficient alpha, cal-
culating coefficient alpha for each of the eight scenarios. The eight coefficient al-
phas ranged from .90 to .96 and averaged .93. Coefficient alphas this large were
surprising because each scale contained only three items, and reliability is largely
a function of the number of scale items (Nunnally, 1978). High coefficient alphas
with few items indicate high interitem correlations, a desirable trait in a psy-

chometric instrument.

Validity. The correlation beiween the ASQ scores and scenario failure or
success (coded as 0 = failure and 1 = success) was —.40 (N = 48, p < .01). This re-
sult showed that participants who successfully completed a scenario tended to
give lower (more favorable) ASQ ratings and provided evidence of concurrent va-

lidity. \

Sensitivity. Of the 48 participants, 27 completed all of the ASQ items for all
of the scenarios. This reduced database was appropriate for an analysis of vari-
ance (ANOVA; see Table 2) to assess the sensitivity of the ASQ. Specifically, did the
ASQ scores discriminate among the different systems, user groups, or scenarios in
the three usability studies?

The main effect of scenario was highly significant F(7, 126) = 8.92, p < .0001.
The Scenario X System interaction was also significant, F(14, 126) = 1.75, p = .05.
These results suggest that the ASQ scale score is a reasonably sensitive measure.

Table 2, ASQ Sensitivity Analysis

Source , df Type II1 S5 MS F p
Total 215 6343.73 29.51

System 2 29.81 1491 0.15 .86

Group 2 458.51 229.26 2.29 13

System X Group 4 .82 871 0.09 .98
Error 18 1801.48 100.08

Scenario 7 280,50 14007 8.92 0001

Scenario X System 14 383.44 27.39 1.74 .05

Scenario X Group 14 283.77 20.27 1.29 22

Scenario X System X Group 28 393.07 14.04 0.89 62
Error (Scenario) 126 1978.33 15.70

Note. The total df for this analysis was 215 (27 participants times 8 scenario scores, minus 1 df for
the grand mean), with df partitioned as shown above.
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Discussion

The psychometric evaluation of this questionnaire showed that it is reasonable to
condense the three ASQ items into a single scale through summation (or, equiva-
lently, averaging). The available evidence indicates that the ASQis reliable, valid,
and sensitive. This condensation should allow easier interpretation and reporting
of results when usability practitioners use the ASQ.

THE POST-STUDY SYSTEM USABILITY
QUESTIONNAIRE (PSSUQ)

The Post-Study System Usability Questionnaire (PSSUQ) is currently a 19-item
instrument for assessing user satisfaction with system usability (see Appendix
for a copy of questionnaire items). Participants need about 10 min to complete
the PSSUQ, but only complete it once, at the end of a usability study. Completing
the PSSUQ allows participants to provide an overall evaluation of the system
they used. '

Development History of the PSSUQ

As part of a major software development project, a team of IBM usability experts
constructed the items for the PSSUQ using a list of usability attributes known to
influence user perception of usability (similar to the attributes described by
Whiteside et al,, 1988). The original version of the PSSUQ had only 18 items, with
the items in a‘different order than shown in the Appendix (see Lewis, 1992b, for
a copy of the original version of the PSSUQ). Recently, a series of investigations
using decision support systems revealed a common set of five system charac-
teristics associated with usability by several different user groups (Doug An-
tonelli, personal communication, January 5, 1991). Because the original 18-item
PSSUQ addressed only four of these five system characteristics, ] added an
additional item (Item 8 in the current version) to address the fifth of these five
system characteristics (improved productivity). However, the analyses reported
in this section of this article used the original 18-item version of the question-
naire. In these analyses, the current Item 8 was not available (see the next section
on the CSUQ for analyses that include Item 8).

Item Construction

The items are 7-point graphic scales, anchored at the end points with strongly
agree (1) and strongly disagree (7) and a not applicable (N/ A) point outside the scale.










































