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Abstract 
 

Question Answering Systems (QAS) are receiving 
increasing attention from information systems researchers, 
particularly those in the information retrieval and natural 
language processing communities. Evaluation of an 
information system’s success and user satisfaction are 
important issues in information systems research, 
especially for emerging online service systems on the 
Internet. Although many QAS have been implemented, little 
work has been done on the development of an evaluation 
model for them. The purpose of this study is to develop an 
evaluation model for question answering systems from 
user’s perspective. We have established the theoretical 
foundation and conceptualization of the constructs for user 
satisfaction with question answering systems. We have 
developed a general instrument capable of reliably and 
accurately measuring user satisfaction in the context of 
question answering systems. The proposed evaluation 
model provides a framework for the design of question 
answering systems from the user’s perspective to enhance 
user satisfaction and acceptance of QAS. 
 
Keywords: Evaluation Model; Measurement; Question 
answering system; User satisfaction 
 
1. Introduction 

 
Evaluation of an information system’s success and user 

satisfaction are important research issues in the field of 
information management, especially for online service 
systems on the Internet. 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 of the 
Internet and database technologies in recent years, question 
answering systems (QAS) have emerged as important 
applications. Hence, they have received a great deal of 
attention from information systems researchers, particularly 
those in the information retrieval and natural language 
processing communities [32-34, 39, 43]. 

The purpose of this study is to develop an integrated 
evaluation model for question answering systems based on 
a literature review of information system models and 
theories. Based on the user’s perspective, we propose an 
integrated reference model for the design of QAS to 
enhance user satisfaction and acceptance. 

A great deal of research has addressed the issue of 
usability in the field of information retrieval. However, to 
the best of our knowledge, the relationship between QA 
performance and user satisfaction has not been measured 
directly. Lin et al. [26] investigated the size of supporting 
passages that users prefer. Allan et al.[2] examined the 
relationship between the quality of an information retrieval 
system and its effectiveness for the user, and suggested that 
researchers should focus on improving the performance of 
IR systems for difficult topics. 

Although many QAS have been implemented, little work 
has been done on the development of an evaluation model 
for them [6, 22, 28, 29, 32-34, 39]. Appropriate evaluation 
would motivate research by providing suggestions for the 
overall improvement of the architecture and behavior of 
QAS [27]. Such models should provide feedback about a 
system’s architecture and the impact of its behavior on the 
user, and thereby facilitate improvements in the system. 
Evaluation models could also help determine the extent to 
which a particular system meets certain requirements and 
demonstrate its research value. 

As most evaluation models focus on system-centered 
evaluation, user-centered evaluation has attracted little 
attention. However, if we are to build a practical question 
answering system, we must achieve a performance level 
that satisfies the majority of users. Therefore, in this paper, 
we propose an integrated theoretical evaluation model of 
successful QAS from the user’s perspective. Our goal is to 
answer two questions. (1) How do individual users evaluate 
the success of question answering systems? (2) What 
factors influence an individual user’s evaluation of a QAS 
success?  

The remainder of this paper is organized as follows. In 
Section 2, we establish the theoretical foundation and 
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conceptualization of the constructs for user satisfaction with 
question answering systems (USQAS). Section 3 describes 
the research methods used to generate scale items and the 
data collection procedure. In Section 4, we present the 
results of purifying the scale and identify the factor structure 
of the scale. In Section 5, we assess the reliability and 
validity of the proposed model by examining the evidence 
of reliability, content validity, criterion-related validity, and 
construct validity - including the convergent validity and 
the discriminant validity. Finally, in Section 6, we present 
our conclusions, discuss the managerial implications of the 
present study, and consider future research avenues. 
 
2. Research Background 

 
Satisfaction is an important construct in IS literature [1, 3, 

10, 13, 14, 17, 18, 20, 31, 38, 41, 42]. As Bailey and 
Pearson [3] noted, satisfaction in a given situation is the sum 
of one’s feelings or attitudes toward a variety of factors 
affecting that situation. In the cited work, they identified 39 
factors that affect computer user satisfaction (CUS). Ives et 
al. [20], based on Bailey and Pearson’ findings, developed a 
39-item instrument for measuring user information 
satisfaction (UIS). Baroudi and Orlikowski [4] developed a 
UIS short-form questionnaire comprised of 13 scales (with 
2 items per scale), which can be decomposed into three 
factors: “EDP staff and services”, “information product”, 
and “knowledge and involvement”. Doll and Torkzadeh [13] 
suggested a 12-item instrument that measures the following 
five components of end-user computing satisfaction 
(EUCS): content, accuracy, format, ease of use, and 
timeliness. The EUCS instrument is a synthesis of the Ives 
et al. [20] measure of UIS, which is a widely used and 
well-validated instrument [13, 14, 31]. User satisfaction is 
defined as the extent to which users believe the information 
system available to them meets their information 
requirements [20].  

In this paper, we propose a theoretical evaluation model 
for question answering systems based on a review and 
synthesis of existing models of IS user satisfaction and 
technology acceptance. The fundamental concept of the 
proposed model is inspired by the TRA 
believe-attitude-intention-behavior theory, which is one of 
the most influential theories of human behavior [16]. 

We adopt three dimensions of quality from the updated 
DeLone and McLean Information Systems (IS) Success 
Model[10], namely, information quality, systems quality, 
and service quality. Like quality, satisfaction also has three 
dimensions: information satisfaction, systems satisfaction, 
and service satisfaction. Clearly, quality will affect 
subsequent satisfaction. Information quality, defined as 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 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. 

Meanwhile, system quality, which is defined as the 
quality of the system provided by a QAS, is shaped by five 
dimensions: reliability, flexibility, integration, accessibility, 
and timeliness. Reliability refers to the dependability of the 
system’s operation; flexibility refers the way the system 
adapts to the changing demands of the user; integration 
refers to the way the system integrates data from various 
sources; accessibility refers to the ease with which 
information can be accessed or extracted from the system; 
and timeliness refers to how well the system provides timely 
responses to requests for information or action. 

Service quality, defined as the user’s judgment about the 
overall excellence or superiority of a QAS, is shaped by 
three dimensions: assurance, empathy, and responsiveness.  

User satisfaction is defined as the extent to which users 
believe the information system available to them meets their 
information requirements [20]. Information satisfaction is 
defined as the extent to which an individual’s attitude 
influences the gap between expectations and the perceived 
performance of the information provided. Similarly, system 
satisfaction is defined as the extent to which an individual’s 
attitude influences the gap between expectations and the 
perceived performance of the system; while service 
satisfaction is defined as the extent to which an individual’s 
attitude influences the gap between expectations and the 
perceived performance of the service.  

Beliefs about information quality, system quality, and 
service quality tend to shape attitudes about information 
satisfaction, system satisfaction, and service quality, 
respectively. 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 the use behavior of the 
QAS. 
 
3. Research Methodology 

 
Although a number of potential items can be used to 

measure the USQAS construct, it is necessary to define the 
construct’s theoretical meaning and conceptual domain so 
that we can develop appropriate measures and obtain valid 
results [7, 31]. We define user satisfaction with a question 
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answering system as a user’s overall evaluation of the 
question answering system. The definition is important to 
delimit the USQAS domain and identify relevant literature 
from which researchers can generate sample items for an 
instrument. Based on prior research on instrument 
development, including user information satisfaction[20], 
end-user computing satisfaction[13-15], the technology 
acceptance model[9], the theoretical integration of user 
satisfaction and technology acceptance model[41], as well 
as ten relevant QAS related articles (e.g., [12, 21-23, 25, 27, 
28, 36, 39, 43]), there were 35 items (excluding five global 
items) representing the 9 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 or items, we conducted three 
QAS-related focus group interviews with two professors, 
five doctoral students, and ten practitioners. As a result, we 
are able to refine the items and eliminate unnecessary 
content. In this stage, 10 items were deleted because of 
ambiguity or redundancy, and two new items were added. 
After careful examination of the interview results, we 
compiled a 27-item list, which constituted a complete 
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 must represent the concept about 
which generalizations are to be made 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 & Torkzadeh [13]. 
Specifically, “Are you satisfied with the system?” was 
refined to “As a whole, I am satisfied with the question 
answering system.” and “Is the system successful?” was 
refined to “As a whole, the question answering system is 
successful”. Behavioral intention to use was evaluated by 
two items taken from Venkatesh & Davis [37], namely, 
“Assuming I had access to a question answering system, I 
intend to use it”, and “Given that I had access to a question 
answering system, I predict that I would use it” .The 
following item for measuring favorable post usage behavior, 
i.e., recommending the system to other people, was adapted 
from Devaraj et al.[11]: “I will recommend the question 
answering system to others.” Hence, an initial USQAS 
instrument comprised of 27 items, including the five global 
items, was developed using a seven-point Likert scale, with 
anchors ranging from “strongly disagree” to “strongly 
agree”. The global measures can be used to analyze the 
criterion-related validity of the instrument, and to measure 

the overall satisfaction with the question answering system 
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 items and global 
items, were modified to make them relevant to the QAS 
usage context. 

The data used to test the USQAS instrument was obtained 
from 276 users of an Internet QAS (i.e., the Academia 
Sinica Question Answering System, ASQA). The 
respondents self-administrated the 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 usable 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; a further 43% held graduate 
degrees. 

 
4. Scale Purification 

 
Since the primary purpose of this study was to develop a 

general instrument capable of reliably and accurately 
measuring USQAS in the context of question answering 
systems, 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 according to Churchill’s [7] 
recommendations would improve reliability levels. First, 
we calculated the reliability coefficients of the scales using 
Cronbach’s alpha [8]. It seemed appropriate to assume that 
USQAS was a simple construct before using exploratory 
factor analysis to identify its underlying dimensions. Based 
on this assumption, we found that the initial 27 items had a 
reliability of 0.941.  

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 [7, 13, 20]. 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, and varimax as the rotation 
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method.  
To improve the convergent validity and discriminant 

validity of the instrument through exploratory factor 
analysis, the following four widely used decision rules [19, 
35] 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;  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, 18-item instrument. The results confirm 
the existence of four factors with eigenvalues greater than 1, 
which cumulatively account for 78.5% of the total variance. 
The four factors are ease of use, usefulness, service quality, 
and information quality. Note that there were no items with 
cross-factor loadings above 0.5. The significant loading of 
all the items on a single factor indicates unidimensionality, 
and the fact that no cross-loadings of items were found 
supports the discriminant validity of the instrument. 
 
5. Assessment of reliability and validity 

 
Reliability refers to the stability of scores over a variety 

of conditions [24] and can be determined by using 
Cronbach’s alpha to assess the internal consistency of the 
items representing each factor. The 18-tem instrument has a 
high reliability of 0.92, far exceeding the minimum standard 
of 0.80 suggested for basic research. The reliability of each 
factor is as follows: ease of use = 0.94; usefulness = 0.90; 
service quality = 0.92; and content quality = 0.89. 
Furthermore, the minimum value of each corrected 

item-to-total correlation is above 0.5 (minimum = 0.517), 
suggesting that the instrument has good reliability, as shown 
in Table 1. 

The content validity of a questionnaire refers to the 
representativeness of the item content domain. It is the 
manner in which the questionnaire and its items are built 
that ensures the reasonableness of the claims of content 
validity [24]. Churchill [7] suggested that “specifying the 
domain of the construct, generating items that exhaust the 
domain, and subsequently purifying the resulting scale 
should produce a measure which is content or face valid and 
reliable”. Therefore, the rigorous procedures used to 
conceptualize the USQAS constructs based on previous 
research to form the initial items, the personal interviews 
with several experts, and the iterative procedures of the 
scale purification suggest that the USQAS instrument has 
strong content validity. 

Criterion-related validity is defined as the effectiveness 
of a measure in predicting behavior in specific situations 
[24]. It is assessed by comparing the correlation coefficient 
test scores with the external criterion or overall satisfaction 
[13, 20]. In this study, we obtained the criterion-related 
validity by calculating 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 show that the 18-item USQAS instrument has a 
criterion-related validity of 0.62 and a significance level of 
0.000, suggesting acceptable criterion-related validity. 

The construct validity of a measure can be demonstrated 
by validating the theory behind the instrument [20, 31]. 
Construct validity is the extent to which an operational 
measure truly reflects the concept being investigated or the 
extent to which operational variables used to observe 

Table 1. Corrected Item-to-total correlations 
 

Item Code  Original Item code Item Description Corrected Item-Total Correlation 
E1 Q27 My interaction with the QAS is clear and understandable. 0.557 
E2 Q22 Learning to use the QAS is easy. 0.556 
E3 Q25 It is easy for me to become skillful at using the QAS. 0.556 
E4 Q24 I find it easy to use the QAS to do what I want it to do. 0.550 
E5 Q26 I find the QAS easy to use. 0.517 
U1 Q20 Using the QAS would enhance my effectiveness on the job. 0.643 
U2 Q18 I would find the QAS useful in my job. 0.680 
U3 Q16 Using the QAS would improve my job performance. 0.702 
U4 Q19 Using the QAS in my job would increase my productivity. 0.618 
U5 Q21 Using the QAS would make it easier to do my job. 0.584 
S1 Q12 The QAS is dependable. 0.587 
S2 Q13 The QAS employees provide prompt service to users. 0.547 
S3 Q11 The QAS has up-to-date hardware and software. 0.628 
S4 Q14 The QAS employees have the knowledge to do their job well. 0.608 
C1 Q2 Information provided in the QAS is easy to of understand. 0.685 
C2 Q4 Information provided in the QAS is relevant. 0.603 
C3 Q1 Information provided by the QAS is complete. 0.772
C4 Q3 Information provided in the QAS is personalized. 0.672 
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covariation in and between constructs can be interpreted in 
terms of the model’s theoretical constructs [30]. 
Researchers have used various validation strategies to 
establish construct validity, including item-to-total 
correlations [13, 20, 24], factor analysis, and assessment of 
convergent and discriminant validity [7, 13, 24, 35]. 
Convergent and discriminant validation demonstrates 
construct validity by showing that an instrument not only 
correlates  with other variables with which it should 
correlate, but also that it does not correlate with variables 
from which it should differ[24]. 

We examined construct validity in terms of convergent 
and discriminant validity by using a correlation matrix 
approach [13, 31]. 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. Results show the correlation matrix of the 
measures. The smallest within-factor correlations are: ease 
of use = 0.72; usefulness = 0.57; service quality = 0.70; and 
content quality = 0.57. These correlations are significantly 
higher than 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 theoretical factor [13, 31, 
40]. For example, the lowest within-factor correlation for 
usefulness is 0.57, however, one of the correlations of 
content with items of other factors is larger than 0.57. i.e., 
the number of violations is 1. For discriminant validity, 
Campbell and Fiske [5] suggested that the count should be 
less than 50% of the potential comparisons. The results 
show 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 this study. 
 
6. Conclusion and Future Research 

We have rigorously tested the USQAS instrument and 
found that it provides a high degree of confidence in the 
reliability and validity of the scales. A comprehensive 
model for measuring USQAS is presented in Figure 1. In 
this study, we developed 4-factor, 18-item instrument for 
measuring USQAS. The four primary dimensions of 
USQAS are ease of use, usefulness, service quality, and 
content quality.  

To enhance user satisfaction and the success of question 
answering systems, we have developed an integrated 
theoretical evaluation model for such systems, based on a 
review and synthesis of existing IS user satisfaction and 
technology acceptance models. We believe the proposed 
evaluation model provides a framework for the design of 
question answering systems from the user’s perspective and 

that it could help increase user acceptance of QAS. 
Our study makes two contributions to the research and 

practitioner communities. First, it provides a framework for 
describing the primary dimensions of user satisfaction with 
QAS. Second, 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. 

In the future, we will use the model to conduct an 
empirical study of question answering systems and analyze 
the theoretical and managerial implications of this study’s 
results. 
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