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A Confirmatory Factor Analysis of
Two Web Site Usability Instruments

David T. Green
Southern Illinois University Carbondale
dtgreen@siu.edu

ABSTRACT

Many perspectives of user acceptance of Web sites have
been examined, yet information systems research often
overlooks the human-computer interaction aspects,
particularly in the area of Web site usability. Web site
usability has recently gained greater acceptance in
information literature through the development of
instruments by Palmer (2002) and Agarwal and
Venkatesh (2002). This study conducted a confirmatory
factor analysis of both instruments in an attempt to
validate the two instruments. Our results found that the
Palmer instrument exhibited satisfactory measurement
properties, although allowing room for further refinement.
The Agarwal and Venkatesh instrument, although useful
as a practical metric, displayed poor validity for the
underlying constructs that compose Web site usability.
Validation of these instruments furthers their scope and
potential use by researchers and practitioners in helping
them better understand the capabilities of their Web sites,
while providing a foundation for further refinement of the
Web site usability construct.

Keywords
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INTRODUCTION

Developing a standardized instrument is important for
research to accumulate in a topic area as direct
comparisons become possible between individuals, time
periods, industries, cultures, or geographic regions (Cook
and Campbell, 1979). The research cycle for developing a
standardized instrument involves two steps: (1)
exploratory studies that put forward hypothesized
measurement model(s) via the analysis of empirical data
from a referent population; and (2) confirmatory studies
that test the hypothesized measurement model(s) against
new data gathered from the same referent population.
Both Palmer (2002) and Agarwal and Venkatesh (2002)
developed instruments to measure Web site usability.
Their work completed the first exploratory step in the
instrument development cycle. The current research
completes the second step by gathering new data to test
the validity and reliability of both the Palmer and
Agarwal and Venkatesh instruments.

J. Michael Pearson
Southern Illinois University Carbondale
jpearson@cba.siu.edu

This paper continues the discussion of the Web site
usability literature and instruments. The following
sections detail two recent attempts at measuring Web site
usability and define the research model. The paper
concludes by detailing the study’s methodology and
results of the confirmatory factor analyses, while section
six provides discussion of the findings, implications for
future research and conclusions.

LITERATURE REVIEW
Web Site Usability

Although the HCI literature has examined a few areas of
Web site usability, it has only been recently that
information systems literature addressed the need to
examine Web site usability in understanding success in e-
commerce. The development of metrics to measure Web
site usability allows managers to make comparisons,
benchmark performance, and plan improvements.
Usability is increasingly important as organizations
compete in the always changing, hypercompetitive online
markets (Bogner and Barr, 2000, Zohar and Morgan,
1996). Therefore, having valid and reliable instruments to
measure Web site usability is important for both business
and research.

RESEARCH MODEL

The current study tested Web site usability underlying
first-order factor structure as set forth by Palmer (2002)
and Agarwal and Venkatesh (2002).

Palmer Instrument

Palmer (2002) developed a measure of Web site usability
that found significant associations between Web site
design and Web site performance indicating that the
constructs demonstrate good nomological validity.
Palmer’s study found that his findings provide a set of
measures with acceptable validity and reliability. Web site
success was found to be significantly associated with Web
site download delay (speed of access and display rate
within the Web site), navigation (organization,
arrangement, layout, and sequencing), content (amount
and variety of product information), interactivity
(customization and interactivity), and responsiveness
(feedback options and FAQs). As underlying constructs
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that are hypothesized as measures of Web site usability, a
correlated first-order factor structure is proposed in
accordance with the original instrument (Figure 1- see full
paper).

Five factors are included in the Palmer instrument.
Download delay is the initial request for access to the
page and then each subsequent request for changing pages
with the site (Rose & Straub, 1998). Web site designers
can choose not to include slow loading elements, thus
length of wait is important. Organization and navigation
is important to outcomes (Nielsen, 2000). Navigability is
a measure that is defined as the sequencing of pages, well
organized layout, and consistency of navigation protocols
(Palmer, 2002). Content includes the amount and variety
of content as well as the use of text, graphics, and
multimedia. The manipulation and utilization of
information provided by Web sites to the user is strongly
influenced by interface design. Interactivity includes the
ability to customize the site’s look, feel, and content as
well as provide interaction with the user (Palmer, 2002).
Berry (1999) suggests that some of the most valued
metrics revolve around customer reaction to the site.
Responsiveness is defined as the presence of feedback to
users and the availability of response from the site
managers (Palmer, 2002).

Agarwal and Venkatesh Instrument

Agarwal & Venkatesh (2002) presented categories and
subcategories comprising the Microsoft Usability
guidelines, while developing an instrument that
operationalizes Web site wusability. Their findings
suggested that the evaluation procedure, the instrument,
as well as the usability metric exhibit good properties. A
correlated four-factor model of Web site usability is
hypothesized (Figure 2- see full paper).

Ease of use is the first of the first of four factor included
in the study. Ease of use describes the cognitive effort
required in using a Web site. MIS research has widely
accepted this measure as an antecedent to various
technology acceptance outcomes (Davis, Bagozzi, &
Warshaw, 1989). Ease of use is conceptualized through
the subcategories of goals, structure, and feedback
(Agarwal & Venkatesh, 2002). Made-for-the-medium
relates to tailoring a Web site to fit a particular user’s
needs. Peppers and Rogers (1999) suggest contemporary
marketing strategies require Web sites with dynamic
content tailored to specific user needs. The three
subcategories of made-for-the-medium are community,
personalization, and refinement (Agarwal & Venkatesh,
2002).

Emotion taps into affective reactions invoked by a Web
site. Agarwal and Venkatesh (2002) note that affective
responses have shown to be important in computer use
situations (Agarwal & Karahanna, 2000; Vanketesh,
2000; Venkatesh & Speier, 2000; Webster & Ho, 1997).
Four subcategories compose the emotion construct:
challenge, plot, character strength, and pace. Content
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assesses the informational and transactional capabilities of
a Web site (Agarwal & Venkatesh). The content construct
is similar to the technology acceptance constructs of
perceived usefulness construct (Davis et al., 1989) and
relative advantage (Agarwal & Prasad, 1997; Moore &
Benbasat, 1991). The four subcategories (questions) of
content are relevance, media use, depth and breadth, and
current and timely information.

RESEARCH METHODS

The research instruments of interest have followed the
scientific research cycle as proposed by Mackenzie and
House (1979) and McGrath (1979), by conducting
exploratory research. Confirmatory research and
conceptual refinements are the next step in the research
cycle.

CONFIRMATORY SAMPLE

Although Web site performance is important to several
target populations, the current study focused on the online
consumer in accordance with the Palmer (2002) and
Agarwal and Venkatesh (2002) studies. The study’s
participants were 159 undergraduate business students
from a large mid-western university. University students
are considered an appropriate surrogate in consumer
research that examines products the students are likely to
purchase on a regular basis (Lynch, Calder, Philips, &
Tybout, 1982), thus music and bookstore sites were
chosen due to their ability to provide appropriate external
validity.

In the study, participants were randomly assigned to one
of eight potential scenarios. The scenario involved the
process of searching, selecting, and inquiring about a
product of their choice that was available from the
selected Web retailer. The potential Web retailers
included four bookstores and four music stores. The book
and music sectors of e-commerce were chosen due to
their applicability for college students, providing them
with a realistic buying scenario (Figure 3- see full paper).

DATA ANALYSIS
Confirmatory Factor Analysis

LISREL 8.52 was used to conduct a confirmatory factor
analysis of the Web site wusability intstruments.
Confirmatory factor analysis (CFA) is appropriate in this
study due to the Web site usability instruments’ empirical
foundation, allowing the researcher to specify the exact
factor model in advance as opposed to exploratory factor
analysis which seeks an undetermined structure for a set
of variables (Stevens, 2002). CFA has high demands for
sample size. The 159 participants is a satisfactory sample
size when conducting structural equation models
(Anderson & Gerbing, 1988). Doll, Xia, and Torkzadeh
(1994) note the lack of one universally accepted index of
model adequacy, therefore there was an expectation that
convergence upon multiple indexes would define an
appropriate model. In other words, a good instrument
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should exhibit adequate numbers in the results of multiple
indexes, not just one or a few, for the model to be
considered an adequate one.

Validity and Reliability

Factor loadings are viewed as regression coefficients in
confirmatory factor analysis. The larger the factor
loadings or coefficients as compared with their standard
errors and expressed by the corresponding t values, the
stronger the evidence that the measured variables
represent the underlying constructs (Bollen, 1989;
Mueller, 1994). The reliability of items, factors, and the
overall instrument can also be evaluated with
confirmatory factor analysis. The proportion of variance
in the observed variables that is accounted for by the
latent variables that influence them is used to estimate the
reliability of the items (Bollen, 1989; Mueller, 1994). The
overall reliability of the instrument is found in the total
coefficient of determination for observed variables.

RESULTS

The LISREL estimates for the measurement model were
examined and found not to have any offending estimates
(a loading greater than 1.0). The overall model was first
assessed for fitness, which is the degree to which the
specified indicators represent the hypothesized constructs.
Three types of overall model fit measures were examined
in the LISREL output: absolute, incremental, and
parsimonious fit measures (Table I).

Apgarwal &
Fit Recommended Palmer {2002} Venkatesh
measure Value Result (2002)

Result

a pei0s 000011 Q00000

yHaf <500 D000 o

GFI =090 0.90 0.75

KFI =090 0846 081

AGFL =~{1.90 0.835 067

RMSR <0.05 0.047 0.09E

Table 1. CFA Results

Palmer CFA Results

The likelihood ratio chi-square statistic for the Palmer
(2002) instrument (x’= 118.21, 67 d.f)) has a statistical
significance level of p < .00011, which is above the
minimum level of .05 but not above the more
conservative levels of .10 or .20, showing some support
for believing that the difference of the predicted and
actual matrices are significant, indicating unacceptable fit.
Hair, Tatham, Anderson, and Black (2000) suggest that
the potential exists for the %* with sample sizes of 100 or
less to denote no differences even when the model has no
significant relationships, thus additional measures of fit
should be employed. For the Palmer instrument, the
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goodness-of-fit index (GFI) has a value of .90, which is
high but not adjusted for model parsimony. Another
measure, the root mean square residual (RMSR), indicates
that the average residual correlation is .047, which is
acceptable given the fairly strong correlations in the
original correlation matrix (Byrne, 1989; Joreskog and
Sorbom, 1984).

With absolute measures within acceptable levels, the
incremental fit and parsimonious fit indices are needed to
help make sure the model is acceptable from other
perspectives. The next goodness-of-fit measure assesses
the incremental fit of the model compared to a null model.
The Normed Fit Index (NFI) yields .96 for the Palmer
instrument surpassing the recommended level of .90,
further supporting the proposed model.

Parsimonious fit measures evaluate the fit of the model
versus the number of estimated coefficients needed to
achieve that level of fit. The adjusted goodness-of-fit
index (AGFI) is .85 for the Palmer instrument and is
fairly close to the recommended level of .90, thus
marginal acceptance can be given on this measure. The
normed chi-square (y*/df) for the Palmer instrument has a
value of 1.76 , falling within the recommended levels of
1.0 to 2.0. Both parsimonious fit measures provide
support to be given for the Palmer instrument’s model
parsimony.

Agarwal and Venkatesh CFA Results

The Agarwal and Venkatesh (2002) instrument (y’=
499.92, 146 d.f) results also demonstrate a lack of fit
through the significant differences between the predicted
and actual matrices. In contrast to the Palmer model, the
Agarwal and Venkatesh instrument has a GFI of .75 and
RMSR of .098, a weaker demonstration of fit as
compared to the Palmer instrument.

The Normed Fit Index (NFI) yields .96 for the Palmer
instrument and .91 for the Agarwal and Venkatesh
instrument, both surpassing the recommended level of
.90, further supporting the proposed model. The Normed
Fit Index (NFI) was .91 for the Agarwal and Venkatesh
instrument, also surpassing the recommended level of .90,
supporting the proposed model. In contrast, the Agarwal
and Venkatesh instrument has an AGFI of .67, far below
the recommended level of .90 for parsimonious fit. while
the Agarwal and Venkatesh instrument is 3.42, outside the
recommended region for acceptable parsimonious fit. The
parsimonious fit measures provide a lack of support for
the Agarwal and Venkatesh instrument’s model
parsimony.
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Figure 4. 5-Factor Model of Web Site Usability
(Palmer, 2002)

Discussion

The Agarwal and Venkatesh instrument demonstrated
weaknesses at multiple absolute, incremental, and
parsimonious fit levels, signifying the superiority of the
Palmer instrument in its various measures of overall
model goodness-of-fit for the Palmer instrument lending
sufficient support to deeming the results an acceptable
representation of the hypothesized constructs.

With the acceptance of the overall Palmer model (Figure
4), each of the constructs in that instrument alone, can
now be evaluated separately. The constructs were
evaluated based on the statistical significance of the
indicator loadings and the construct’s reliability and
variance extracted. Each variable’s t-values associated
with each of the loadings exceed the critical values for the
.05 significance level, thus showing that all variables are
significantly related to their specified constructs,
verifying the proposed relationships between the
exogenous indicator variables and the exogenous
constructs (7able 2). These significant relationships
support the hypothesized relationships of the observed
variables with the overall latent constructs.

CONCLUSIONS

This research attempted to validate two proposed
metrics/instruments for use in e-commerce research.
Although both the Palmer (2002) and the Agarwal and
Venkatesh (2002) Web site usability instruments
displayed nomological validity in their respective
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validation studies it remained unclear up until this point if
the instruments were useful as standardized research
instruments for understanding the underlying constructs
of the Web site usability construct. Although the
underlying theoretical constructs that compose both
instruments remains open to argument and will see future
debate, it appears that of the two, the Palmer (2002) Web
site usability instrument contains great potential for its
utility in research examining Web site use, particularly in
an e-commerce setting. Researchers must continue to
explore the underlying constructs of usability in both the
setting of Web sites as well as software and information
technologies.

Observed Variables Latent
Variables
Factor E-Square
Loading (Reliability)
o 087 0.76 Drownloacd
D 091 0.83 Delay
WAV 0.71 050 MWavigabiliry
A .71 0.50
IEANS 0,53 (.69
AN 069 048
AW 0,83 0.4
K1 0.75 0.56 Information
oo 0.66 0.44 Content
] 0.76 | 058
iy 069 | 0.58 Interactivity
2 054 | 0-71
RESL 066 | 0.a4 Fesponsivensss
BEGY 0,70 | 049

Table 2. Standardized Parameter Estmates and t-values for
the Palmer Instrument (2002) (n=159)

(Supporting Figures and Tables are part of the full version of
the paper and may be requested from the authors.)
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