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Question Answering Systems (QAS) are receiving increasing attention from IS researchers, particularly
those in the information retrieval and natural language processing communities. Evaluation of an IS’s
success and user satisfaction are important issues, especially for emerging online service systems using
the Internet. Although many QAS have been implemented, little work has been done on the development
of an evaluation model for them. Our purpose was to develop a validated instrument to measure user
satisfaction with QAS (USQAS). The proposed validated instrument was intended as a reference for the
design of QAS from a user’s perspective.
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1. Introduction
Evaluation of the success of an IS and user satisfaction with it
are important issues in the ﬁeld of information management [7–
10], especially for online service systems using the Internet.
Basically, evaluation models are used to understand users’ needs
and identify important dimensions and factors in the development
of systems in order to broaden their acceptance. With the rapid
growth in recent years, QAS have emerged as important applications. Hence, they have received attention from IS researchers,
particularly those in the information retrieval and natural
language processing communities [5,6].
The purpose of our study was to develop an evaluation model
for QAS based on a review of IS models and theories. Thus, the new
model incorporates constructs from both the user satisfaction and
technology acceptance literature. Since we focus on the user’s
perspective, we believe that the proposed model could facilitate
the design of QAS and thereby enhance user satisfaction and
acceptance.
A QAS is a special type of information retrieval system that
allows users to input questions in natural language and retrieve
answers from a collection of documents.
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Kokubu et al. [4] addressed the link between user satisfaction and
the performance of QAS. More speciﬁcally, they investigated the
relationship between the rank of a correct answer and the Proportion
of Satisﬁed Users (PSU), where PSU is deﬁned as the number of users
that were satisﬁed with a given list of answer candidates for a
question, divided by the total number of users. To improve user
satisfaction, Kokobu et al. suggested that QA system developers
should set a goal in terms of the distribution of correct answers over
ranks, instead of a single Mean Reciprocal Rank (MRR) value.
Although many QAS have been implemented, little work has
been done on the development of an evaluation model for them.
Appropriate evaluation would motivate research by providing
suggestions for the overall improvement of the architecture and
behavior of QAS. Such models should provide feedback on a
system’s architecture and the impact of its behavior on the user,
thereby facilitating improvements in the system. Evaluation
models could also help to determine the extent to which a
particular system meets its requirements and demonstrate its
research value.
Most evaluation models focus on system-centered evaluation;
user-centered evaluation has attracted less attention. However, if
we are to build a practical QAS, we must achieve a performance
level that satisﬁes the majority of users. Therefore we proposed an
evaluation model of successful QAS from the user’s perspective.
Our goal was to answer two questions.
 How do individual users evaluate the success of a QAS? and
 What factors inﬂuence an individual user’s evaluation of QAS
success?
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2. Theoretical foundations
2.1. Domain of user satisfaction with QAS
A QAS is a special type of information retrieval system that can
retrieve answers from a collection of documents (such as the
World Wide Web or a local collection) to questions input in natural
language. It is generally agreed that a QAS requires more complex
natural language processing (NLP) than other types of information
retrieval.
An evaluation model should provide feedback about a system’s
architecture as well as its impact on the user, thereby facilitate
improvements in the system. Such a model could also help to
determine the extent to which a particular system meets
requirements and demonstrate its value.
Existing user satisfaction instruments in the IS ﬁeld are
considered inappropriate for QAS for the following reasons. (1)
QAS that use natural language processing and information retrieval
techniques are distinct from those employed in the end-user
computing or traditional data processing environments. (2)
Recognizing the changes in the IT environment, Doll and Torkzadeh
have argued that the existing user satisfaction instruments are
inappropriate for the EUC environment in which end-users develop
and/or interact directly with speciﬁc applications, like QAS.
Venkatesh et al. noted that investigating user acceptance of a
new technology is one of the most mature research areas in
contemporary information systems (IS) literature. Such research
has resulted in the development of several theoretical models, with
roots in information systems, psychology, and sociology, which
explain over 40% of the variance in individual intentions to use a
particular technology. Confronted with a choice of a multitude of
models, researchers ﬁnd that they must ‘‘pick and choose’’
constructs across the models, or choose a ‘‘favored model’’ and
largely ignore the contributions of alternative models. Thus, there
is a need for a review and synthesis of the literature pertaining to
different models with the objective of developing a uniﬁed view of
user acceptance.
Information systems researchers have long studied how and
why individuals adopt new information technologies. There are
several streams of IS research, one of which focuses on explaining
individual acceptance of a technology by considering intention to
use or actual usage as a dependent variable. Other streams focus on
the success of implementations at the organizational level, or on
task-technology ﬁt.
Wixom and Todd [11] suggested that research on perceptions of
IS success can be categorized into two primary research streams—
user satisfaction literature and technology acceptance literature.
However, as these two approaches have developed in parallel, they
have not been reconciled or integrated.
Venkatesh et al. reviewed extant user acceptance models to
assess the state of knowledge with respect to understanding
individual acceptance of new information technologies. Their
review identiﬁed eight prominent models and discussed their
similarities and differences. They then developed the Uniﬁed
Theory of Acceptance and Use of Technology (UTAUT), the goal of
which is to understand usage as a dependent variable.
To improve our understanding of the evaluation of systems, we
reviewed ﬁve major IS theories:
1. Fishbein and Ajzen’s Theory of Reasoned Action (TRA), drawn
from social psychology, it has been used to predict a wide range
of behaviors. Its core constructs are attitude toward behavior (an
individual’s positive or negative feelings about performing the
target behavior) and subjective norm (the person’s perception
that most people who are important to him think he should or
should not perform the behavior in question).

2. The Technology Acceptance Model (TAM), an adaptation of TRA, is
designed speciﬁcally for modeling and predicting information
technology acceptance and usage in the work environment.
Unlike TRA, TAM excludes the attitude construct in order to better
explain the intention to use variable. It was extended to include the
concept of subjective norm as an added predictor of intentions in
mandatory use settings. Its core constructs are perceived
usefulness (the degree to which a person believes that using a
particular system would enhance his or her job performance) and
perceived ease of use. (The degree to which a person believes that
using a particular system would be free of effort.)
3. Ajzen’s Theory of Planned Behavior (TPB) incorporated a third
determinant of behavioral intention, perceived behavioral control (a
person’s motivation is inﬂuenced by the perceived difﬁculty of the
behavior), determined by control beliefs and perceived power.
Positive or negative perceptions might reﬂect past experience,
anticipation of upcoming circumstances, and the attitudes
associated with the inﬂuential norms that surround the individual.
4. Venkatesh et al.’s Theory of Acceptance and Use of Technology
(UTAUT); accounted for dynamic inﬂuences like organizational
context, user experience, and demographic characteristics by
incorporating four key moderators (gender, age, voluntariness,
and experience). They also theorized that four constructs
(performance expectancy, effort expectancy (the degree of ease
associated with the use of the system), social inﬂuence (the
degree to which an individual perceives that important others
believe he or she should use the new system), and facilitating
conditions (the degree to which an individual believes that an
organizational and technical infrastructure exists to support use
of the system)) were direct determinants of user acceptance and
use behavior. Performance expectancy (the degree to which an
individual believes that using the system will help him or her to
obtain gains in job performance) was assumed to depend on
perceived usefulness, extrinsic motivation, job-ﬁt, relative
advantage, and outcome expectations.
5. Wixom and Todd’s Theoretical Integration of User Satisfaction
and Technology Acceptance (TIUSTA) model [11] was constructed by developing an integrated research model that
distinguished object-based beliefs and attitudes about a system
from beliefs and attitudes about using the system. Then, they
proposed a theoretical logic that linked user satisfaction and
technology acceptance models. TIUSTA thus built a bridge
between design and implementation decisions and system
characteristics (a core strength of user satisfaction), as well as
between decisions about and predictions of usage (a core
strength of technology acceptance). As such, TIUSTA constituted
an important step toward providing conceptual clarity about
these two critically important streams of research. They further
argued that there was a need to develop a reﬁned understanding
of the relationships proposed in TIUSTA.
2.2. Conceptualization of user satisfaction with QAS (USQAS)
We propose an evaluation model for QAS based on models of IS
user satisfaction and technology acceptance. The fundamental
concept was inspired by the TRA believe–attitude–intention–
behavior theory.
We adopted three dimensions of quality from the new DeLone
and McLean Information Systems (IS) Success Model: information
quality, systems quality, and service quality. Satisfaction also has
three dimensions: information satisfaction, systems satisfaction,
and service satisfaction. The quality of the information provided by
a QAS is shaped by four dimensions: completeness, accuracy,
format, and currency. Completeness represents the degree to which
the system provides all necessary information; accuracy represents
the user’s perception that the information is correct; format
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represents the user’s perception of how well the information is
presented; and currency represents the user’s perception of the
degree to which the information is up-to-date.
Information quality (IQ) is a measure of the quality of the content
of an IS, but data quality (DQ) is often used as a synonym for it.
Wang and Strong [12] developed a hierarchical framework that
captured the aspects of data quality important to data consumers.
They collected 118 data quality attributes and consolidated them
into twenty dimensions, which were then grouped into four
categories. The resulting framework had four DQ categories:
 intrinsic, consisting of accuracy, objectivity, believability, and
reputation;
 contextual, consisting of value-added, relevancy, timeliness,
completeness, and appropriate quantity;
 representational, consisting of interpretability, ease of understanding, representational consistency, and concise representation; and
 accessibility, consisting of accessibility and access security.
Meanwhile, system quality, is measured on ﬁve dimensions:
reliability, ﬂexibility, integration, accessibility, and timeliness.
Reliability measures the dependability of the system’s operation;
ﬂexibility involves the way the system adapts to the changing
demands of the user; integration refers to the way the system
merges data from various sources; accessibility is the ease with
which information can be accessed or extracted from the system;
and timeliness assumes timely responses to requests for information or action.
Service quality, the user’s judgment of the overall excellence of a
QAS, depends on assurance, the level of certainty a user has of the
quality of the service provided, empathy, the degree to which a
service employee shows understanding and sympathizes with a
user’s situation, and responsiveness, the reaction time of the service.
Information satisfaction is the extent to which an individual’s
attitude inﬂuences the gap between expectations and perceived
performance of the information provided. Similarly, system satisfaction is the extent to which an individual’s attitude inﬂuences the
gap between expectations and the perceived performance of the
system; while service satisfaction is the extent to which an
individual’s attitude inﬂuences the gap between expectations
and the perceived performance of the service.
Beliefs about quality tend to affect satisfaction. Information
satisfaction and system satisfaction shape beliefs about perceived
usefulness and perceived ease of use, respectively. Perceived
usefulness, perceived ease of use, and service quality tend to shape
an individual’s attitude towards a QAS and his/her intention to use
it. Intention to use in turn shapes individual usage of the QAS. Many
researchers consider that an individual’s intention to use a system
is signiﬁcantly correlated to his/her actual usage, which in turn is
an indicator of acceptance of an IS. In summary, user satisfaction
can be regarded as a function of perceived ease of use and
perceived usefulness, and is likely to lead to IS acceptance and
success.
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These 35 items represented the nine dimensions underlying the
USQAS construct. They were used to form the initial pool of items for
the USQAS scale. To ensure that we did not omit any important
attributes, we conducted three QAS-related focus group interviews
with two professors, ﬁve doctoral students, and ten practitioners. As a
result, we were able to reﬁne the items and eliminate unnecessary
content. Speciﬁcally, 10 items were deleted because of ambiguity or
redundancy, and two items were added. After careful examination of
the interview results, we compiled a 27-item list that constituted our
domain for USQAS measurement. Pre-testing and pilot testing of the
measures were conducted by selected users from the QAS ﬁeld, as
well as by experts in the area. Only three ambiguous items were
modiﬁed in this stage.
To obtain a quick overall measure of satisfaction prior to detailed
analysis, the items had to represent the concept about which
generalizations were to be made in order to ensure the validity of the
scales’ content. Five global items adapted from previous inventories
were used to evaluate the criterion-related validity and nomological
validity of the USQAS instrument. Two items for measuring overall
satisfaction were taken from Doll and Torkzadeh. Speciﬁcally, ‘‘Are
you satisﬁed with the system?’’ was altered to ‘‘As a whole, I am
satisﬁed with the QAS.’’ and ‘‘Is the system successful?’’ was changed
to ‘‘As a whole, the QAS is successful’’. Behavioral intention to use was
evaluated by two items taken from Venkatesh and Davis: ‘‘Assuming
I had access to a QAS, I intend to use it’’, and ‘‘Given that I had access to
a QAS, I predict that I would use it’’. The following item for measuring
favorable post-usage behavior (recommending the system to
others), was adapted from Devaraj et al. [2]: ‘‘I will recommend
the QAS to others.’’ Hence, our initial USQAS instrument consisted of
27 items, including the ﬁve global items; it used a seven-point Likert
scale, with anchors ranging from ‘‘strongly disagree’’ to ‘‘strongly
agree’’. The global measures were used to analyze the criterionrelated validity of the instrument, and to measure the overall
satisfaction with the QAS prior to detailed analysis. In addition to the
USQAS measuring items, the questionnaire contained demographic
questions. For each question, respondents were asked to circle the
response that best described their level of agreement. All the items,
including initial and global items, were modiﬁed to make them
relevant to the QAS context. Appendix A presents the items used in
our study.
3.2. Sample and procedure
The data for the USQAS instrument was collected from 276
users of an Internet QAS (the Academia Sinica QAS, ASQA). The
respondents self-administrated their 27-item questionnaire. For
each question, respondents were asked to circle the response that
best described their level of agreement with the statements. Of the
276 surveys, 235 useful responses were returned; a response rate
of 85%. All the respondents had prior experience in using QAS. Most
were students (29.4%) and engineers (23.4%), and 69% were male.
Their average age was 31.5 years. Forty-nine percent held a
university degree; and 43% held graduate degrees.
4. Scale puriﬁcation

3. Research methodology
3.1. Generation of scale items
Although a number of items could be used to measure the USQAS
construct, it was necessary to deﬁne its theoretical meaning and
conceptual domain so that we could develop appropriate measures
and obtain valid results. We deﬁned user satisfaction with a QAS as a
user’s overall evaluation of the system. We selected 35 items based on
prior research, including user information satisfaction, end-user
computing satisfaction, TAM, and relevant QAS-related articles.

Since the primary purpose of this study was to develop a
reliable and accurate general instrument capable of measuring
USQAS, pooling the sample data from Internet users was
considered appropriate.
Several tests were conducted to reﬁne the initial 27 items
(excluding the ﬁve global items). Reliability tests suggested that
screening the data would improve reliability levels. First, we
calculated the reliability coefﬁcients of the scales using Cronbach’s
alpha. It seemed appropriate to assume that USQAS was a simple
construct before using exploratory factor analysis to identify its

C.-S. Ong et al. / Information & Management 46 (2009) 397–403

400

Table 1
Factor analysis results: principal component extraction.
Item code

Original item code

Factor
Ease of use

Usefulness

Service quality

Information quality

Ease of use
E1
E2
E3
E4
E5

Q27
Q22
Q25
Q24
Q26

0.91
0.89
0.89
0.88
0.86

0.19
0.11
0.09
0.07
0.10

0.07
0.04
0.13
0.10
0.02

0.10
0.16
0.10
0.15
0.15

Usefulness
U1
U2
U3
U4
U5

Q20
Q18
Q16
Q19
Q21

0.09
0.12
0.10
0.05
0.16

0.83
0.79
0.78
0.77
0.76

0.17
0.21
0.33
0.17
0.16

0.25
0.29
0.25
0.31
0.14

Service quality
S1
S2
S3
S4

Q12
Q13
Q11
Q14

0.09
0.04
0.11
0.07

0.19
0.15
0.24
0.29

0.86
0.86
0.86
0.82

0.18
0.20
0.18
0.17

0.14
0.11
0.28
0.27
0.94
8.07
44.85

0.38
0.26
0.37
0.27
0.91
3.29
63.11

0.19
0.21
0.26
0.21
0.92
1.73
72.74

0.79
0.76
0.74
0.73
0.89
1.04
78.54

Information quality
I1
I2
I3
I4
Cronbach’s alpha
Eigenvalue
Cumulative variance explained (%)

Q2
Q4
Q1
Q3

Items with a factor loading greater than 0.5 are shown in bold.

underlying dimensions. Based on this assumption, we found that
the reliability of the initial 27 items was 0.94.
For the remaining sets of items, item-to-total correlations were
examined to eliminate irrelevant content. We screened the data to
identify items that showed very low item-to-total correlations (i.e.,
<0.5). Because the minimum value of the item-to-total correlation
was above 0.5, no items were deleted in the stage.
Exploratory factor analysis was conducted to purify the
instrument by eliminating items that did not load on an
appropriate high-level construct. The analysis identiﬁed the
underlying factors or the dimensional composition of the USQAS
instrument. The 235 responses were examined using principal
component factor analysis as the extraction technique, with
varimax rotation.
To improve the convergent and discriminant validity of the
instrument through exploratory factor analysis, four widely used
decision rules were applied to identify the factors underlying the
USQAS construct:
(1) a minimum eigenvalue of 1 was taken as a cut-off value for
extraction;
(2) items with a factor loading of less than 0.5 on all factors, or
greater than 0.5 on two or more factors were deleted;
(3) a simple factor structure was assumed; and
(4) for the sake of parsimony, single-item factors were excluded.
The factor analysis and item deletion process was repeated until
all items had been analyzed. As a result, we obtained a 4-factor, 18item instrument. The results conﬁrmed the existence of four
factors with eigenvalues greater than 1, which cumulatively
accounted for 78.5% of the total variance, as shown in Table 1.
There were no items with cross-factor loadings above 0.5. The
signiﬁcant loading of all the items on a single factor indicated
unidimensionality, and the fact that no cross-loadings of items
were found supported the discriminant validity of the instrument.

5. Assessment of reliability and validity
5.1. Reliability
Reliability can be determined by using Cronbach’s alpha to
assess the internal consistency of the items representing each
factor. The 18-item instrument had a high reliability (0.92) far
exceeding the minimum standard suggested for basic research.
Furthermore, the minimum value of each corrected item-to-total
correlation was above 0.5 (minimum = 0.52), suggesting that the
instrument had good reliability (see Table 2).
5.2. Content validity
The content validity refers to the representativeness of the item
content domain: the manner in which the questionnaire and its
items are built to ensure the reasonableness of the claims of
content validity. The rigorous procedures used to select the USQAS
constructs to form the initial items, personal interviews with
experts, and the iterative procedures of scale puriﬁcation imply
that the USQAS instrument has strong content validity.
5.3. Criterion-related validity
Criterion-related validity is the effectiveness of a measure in
predicting behavior in speciﬁc situations. It is determined by
comparing the correlation coefﬁcient test scores with the
external criterion or overall satisfaction. In our study, we
determined the correlation between the total scores of the
USQAS instrument (the sum of 18 items) and the measures of
criterion validity (the sum of ﬁve global items used to measure
overall satisfaction with QAS). The results showed that the 18item USQAS instrument had a criterion-related validity of 0.62
and a signiﬁcance level of 0.000, suggesting acceptable criterionrelated validity.
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Table 2
Corrected item-to-total correlations.
Item code

Original item code

Item description

Corrected item-to-total correlation

E1
E2
E3
E4
E5
U1
U2
U3
U4
U5
S1
S2
S3
S4
I1
I2
I3
I4

Q27
Q22
Q25
Q24
Q26
Q20
Q18
Q16
Q19
Q21
Q12
Q13
Q11
Q14
Q2
Q4
Q1
Q3

My interaction with the QAS is clear and understandable.
Learning to use the QAS is easy.
It is easy for me to be come skillful at using the QAS.
I ﬁnd it easy to use the QAS to do what I want it to do.
I ﬁnd the QAS easy to use.
Using the QAS would enhance my effectiveness on the job.
I would ﬁnd the QAS useful in my job.
Using the QAS would improve my job performance.
Using the QAS in my job would increase my productivity.
Using the QAS would make it easier to do my job.
The QAS is dependable.
The QAS employees provide prompt service to users.
The QAS has up-to-date hardware and software.
The QAS employees have the knowledge to do their job well.
Information provided in the QAS is easy to understand.
Information provided in the QAS is relevant.
Information provided by the QAS is complete.
Information provided in the QAS is personalized.

0.56
0.56
0.56
0.55
0.52
0.64
0.68
0.70
0.62
0.58
0.59
0.55
0.63
0.61
0.69
0.60
0.77
0.67

Table 3
Correlation matrix of measures.
Ease of use

E1
E2
E3
E4
E5
U1
U2
U3
U4
U5
S1
S2
S3
S4
I1
I2
I3
I4

Usefulness

Service quality

Information quality

E1

E2

E3

E4

E5

U1

U2

U3

U4

U5

S1

S2

S3

S4

I1

I2

I3

I4

1.00
0.81
0.80
0.79
0.79
0.22
0.25
0.23
0.17
0.25
0.18
0.13
0.21
0.18
0.27
0.22
0.40
0.35

1.00
0.80
0.78
0.74
0.25
0.24
0.20
0.20
0.24
0.16
0.14
0.18
0.16
0.29
0.26
0.38
0.41

1.00
0.78
0.72
0.21
0.21
0.21
0.19
0.25
0.22
0.17
0.23
0.22
0.29
0.23
0.38
0.33

1.00
0.73
0.18
0.23
0.23
0.17
0.23
0.19
0.16
0.23
0.18
0.28
0.27
0.40
0.37

1.00
0.19
0.23
0.23
0.17
0.22
0.17
0.10
0.16
0.12
0.27
0.25
0.40
0.36

1.00
0.75
0.72
0.71
0.61
0.35
0.34
0.39
0.44
0.53
0.46
0.55
0.48

1.00
0.74
0.67
0.60
0.38
0.36
0.46
0.46
0.54
0.50
0.58
0.52

1.00
0.68
0.65
0.48
0.45
0.51
0.52
0.56
0.47
0.57
0.50

1.00
0.57
0.36
0.34
0.39
0.42
0.60
0.42
0.57
0.47

1.00
0.34
0.29
0.37
0.35
0.46
0.42
0.48
0.37

1.00
0.74
0.76
0.75
0.41
0.39
0.45
0.37

1.00
0.77
0.70
0.35
0.37
0.45
0.40

1.00
0.75
0.43
0.38
0.48
0.40

1.00
0.42
0.41
0.45
0.38

1.00
0.68
0.80
0.66

1.00
0.65
0.57

1.00
0.72

1.00

The within-factor correlations are shown in bold.

5.4. Construct validity
The construct validity can be demonstrated by validating the
theory behind the instrument. Researchers have used various
validation strategies to establish it, including item-to-total
correlations, factor analysis, and assessment of convergent and
discriminant validity, which demonstrates construct validity by
showing that an instrument not only correlates with variables with
which it should correlate, but also does not correlate with variables
from which it should differ.
We used a correlation matrix approach. Convergent validity
determines whether associations between scales of the same factor
are higher than zero and large enough to proceed with the
discriminant validity test. Table 3 presents the correlation matrix
of the measures. The smallest within-factor correlations were: ease of
use = 0.72; usefulness = 0.57; service quality = 0.70; and information
quality = 0.57. These correlations are signiﬁcantly higher that zero
(p < 0.000) and large enough to proceed with discriminant tests.
Discriminant validity is determined by counting the number of
times an item correlates more with items of other factors than with
items of its own factor. For example, the lowest within-factor
correlation for usefulness was 0.57, however, one of the correlations of content with items of other factors was larger than 0.57,

i.e., the number of violations was 1. For discriminant validity, the
count should be less than 50% of the potential comparisons. Table 3
shows only four violations for potential comparisons, suggesting
adequate discriminant validity. Hence, the observed convergent
and discriminant validity suggest the adequacy of the measurements used in our study.
6. Conclusion
We rigorously tested our proposed USQAS instrument and
found that it provided a high degree of conﬁdence in the reliability
and validity of the scales. A comprehensive model for measuring
USQAS was presented in Fig. 1. In our study, we developed a 4factor, 18-item instrument for measuring USQAS. The four primary
dimensions of USQAS are ease of use, usefulness, service quality,
and information quality.
The measure assumes that users will be dissatisﬁed with a
system if it does not provide information in a satisfactory form. The
technical quality of a system is irrelevant, since a technically
superior system would not be considered successful if it did not
meet users’ needs. This explains why system quality does not play
a role in measuring user satisfaction with a QAS here and the
absence of system quality from the ﬁnal model is not surprising.
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Fig. 1. A comprehensive model for measuring user satisfaction with QAS (USQAS).

Our study provides a framework for describing the primary
dimensions of user satisfaction with QAS. Also, the framework
can be translated into a validated instrument for measuring
user satisfaction levels. A variety of statistical tests were
used to demonstrate the reliability and validity of the
questionnaire.
We believe the proposed evaluation model provides a framework for the design of QAS from the user’s perspective and that it
could help increase user acceptance of QAS.
Our study has important implications for managers and the
design of efﬁcient and effective QAS because the instrument
provides a common framework for comparative analysis. For the
research community, this study established a generalized instrument for USQAS.
Our study has some limitations. First, the external validity
limitations should be considered when interpreting the results. We
collected data from individuals who used one special QAS. This
could limit the generalization of our ﬁndings to other populations
or QAS.

Second, although we conducted exploratory factor analysis, a
much larger sample is required to ensure greater precision. Such
analysis would validate the existing underlying domain structure,
and may be used to reﬁne the structure further.
Third, since responses to the questionnaire were voluntary,
they were inevitably subject to self-selection bias because users
who were interested in, had used, or were currently using QAS
were more likely to respond.
Finally, since this study was conducted with a single snapshot
approach, the test–retest reliability could not be evaluated.
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Appendix A. The initial measurement of USQAS: Questionnaire Scales
No.

Items

References

Q1
Q2
Q3
Q4
Q5
Q6
Q7
Q8
Q9
Q10
Q11
Q12
Q13
Q14
Q15

Information provided by the QAS is complete.
Information provided in the QAS is easy to understand.
Information provided in the QAS is personalized.
Information provided in the QAS is relevant.
Information provided in the QAS is secure.
The system provided in the QAS is reliable.
The system provided in the QAS is ﬂexible.
The system provided in the QAS is integrated.
The system provided in the QAS is accessible.
The system provided in the QAS is timely.
The QAS has up-to-date hardware and software.
The QAS is dependable.
The QAS employees provide prompt service to users.
The QAS employees have the knowledge to do their job well.
The QAS has the user’s best interests at heart.

[11]
[11]
[11]
[11]
[11]
[11]
[11]
[11]
[11]
[11]
[3]
[3]
[3]
[3]
[3]
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Appendix A (Continued )
No.

Items

References

Q16
Q17
Q18
Q19
Q20
Q21
Q22
Q23
Q24
Q25
Q26
Q27
Q28
Q29
Q30
Q31
Q32

Using the QAS would improve my job performance.
Using the QAS in my job would enable me to accomplish tasks more quickly.
I would ﬁnd the QAS useful in my job.
Using the QAS in my job would increase my productivity.
Using the QAS would enhance my effectiveness on the job.
Using the QAS would make it easier to do my job.
Learning to use the QAS is easy.
I ﬁnd the QAS is ﬂexible to interact with.
I ﬁnd it easy to use the QAS to do what I want to do.
It is easy for me to be come skillful at using the QAS.
I ﬁnd the QAS easy to use.
My interaction with the QAS is clear and understandable.
Assuming I had access to a QAS, I intend to use it.a
Given that I had access to QAS, I predict that I would use it.a
I will recommend the QAS to others.a
As a whole, I am satisﬁed with the QAS.a
As a whole, the QAS is successful.a

[1]
[1]
[1]
[1]
[1]
[1]
[1]
[1]
[1]
[1]
[1]
[1]

a

[2]

Criterion items.
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