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Abstract 
Many companies now actively use the Web as a key marketing and sales vehicle for their goods 
or services.  To be successful, e-commerce Web sites must be useful, easy to use, easy to navi-
gate, and easy to understand – measures of the Technology Acceptance Model’s (TAM) variables 
Perceived Usefulness and Perceived Ease of Use.  Although many studies have used the model to 
better understand e-commerce, the problem is that they have ignored one very important external 
variable - the effects that an aging population may have on the usability the Internet and of e-
commerce Web sites.  As people age, they begin to experience problems with their vision, their 
hearing, cognitive functions, and their mobility.  It was posited that the TAM and its variables of 
perceived ease of use and perceived usefulness, influenced by the product and services offered by 
the Web site, the usability of the Web site, and the senior’s ability to use the Internet, determine a 
senior’s attitude toward and behavioral intention to use e-commerce Web sites. It was found that 
the research model accurately reflects the effects of the aging process and that the perceived use-
fulness of e-commerce Web sites positively and significantly influenced a senior’s attitude toward 
using and intention to use the Web sites.  It was also found that a Web site’s usability positively 
and significantly influenced the perceived ease of use of e-commerce Web sites.   

Keywords: Technology Acceptance Model; Web site usability; E-commerce 

Introduction 
Conducting business over the Web has become a key component of business strategies.  Accord-
ing to the U. S. Department of Commerce (2004, 2006a, 2006b, 2007) total retail e-commerce 
sales in 2007 were $136 billion, an increase of 25.6% from the previous year and an amazing 
207% increase compared to 2002.  E-commerce sales as a percentage of total retail sales also con-
tinued to increase and, for 2007, were at 3.3% of total retail sales.  Despite the continued growth 

in e-commerce and the potential for fu-
ture growth in e-commerce, companies 
have reported problems in attracting 
new customers and retaining existing 
ones (Devaraj, Fan, & Kohli, 2002) and 
face challenges in converting online visi-
tors to real purchasers (C. Chen, 2003).   

One of the ways to explain this is to ap-
ply the Technology Acceptance Model 
(TAM) (see Figure 1) which states that 
the success of a system can be deter-
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mined by user acceptance of the system, measured by two variables: the Perceived Usefulness of 
the system and the Perceived Ease of Use of the system (Davis, 1989).  According to the model, a 
user’s perceptions about a system’s usefulness and ease of use result in an intention to use (or not 
use) the system (Davis, 1989; Venkatesh, 2000). 
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Figure 1.  Technology Acceptance Model (TAM)     
 

The TAM has been tested in many empirical studies (Burton-Jones & Hubona, 2005), found to be 
highly valid and reliable (Koufaris, 2000), and is widely referenced (Devaraj et al., 2002).  The 
external variables represent attributes or characteristics of the system, such as the overall design 
and features of the system, the user’s computer skills, capabilities and abilities, and the user’s 
knowledge, beliefs, and attitude toward computers.  Perceived usefulness is defined as “the de-
gree to which a person believes that using a particular system would enhance his or her job per-
formance.”  Perceived ease of use refers to “the degree to which a person believes that using a 
particular system would be free of effort” (Davis, 1989, p. 320). 

Data from the U. S. Census Bureau (2004) indicate that the U.S. population, when compared to 
the 2000 census and then adjusted for fertility, mortality, and international migration rate esti-
mates, will increase 9.8% by 2010, another 8.7% by 2020, and another 8.3% by 2030.  Seniors, 
people 65 years of age and older (Fox, 2004), are estimated, based on this same data, to increase 
at a faster rate, a 15% increase by 2010 and a staggering 35.8% by 2020.  What is even more sig-
nificant is that by 2030 the senior population will double and become almost 20% of the U.S. 
population.  This is important because the senior population is increasingly using the Internet to 
communicate via e-mail with family and friends and to get information and evaluate services 
(Hanson, 2001).  Seniors also conduct e-commerce transactions, utilize online access to financial 
services such as banks and brokerage firms, obtain travel information, and research health-related 
services.   

A problem facing the designers of e-commerce Web sites is that seniors face challenges to using 
computers and navigating Web sites (Gregor & Newell, 2001; Hanson, 2001) since, as people 
age, their sight, their cognitive functions, and their motor-skills may change (Becker, 2004; 
Gregor & Newell, 2001; Hawthorn, 2000).  Since the usability of an e-commerce Web site can be 
a predictor of success (Agarwal & Venkatesh, 2002; L. Chen, Gillenson, & Sherrell, 2004; Gefen, 
Karahanna, & Straub, 2003), these aging problems have an impact on the ability for seniors to 
effectively use the Web (Becker, 2004) and to conduct e-commerce transactions. 

It is the seniors’ desire to use e-commerce Web sites and the design of e-commerce Web sites that 
were the focus of this research.  Prior studies of the TAM and e-commerce Web sites have not 
been conducted with sole participation from the senior population.  It was important to address 
this problem by conducting research on the use of e-commerce Web sites with representation 
from this target group because the effects of aging can impede a senior’s ability to effectively use 
the Internet for information retrieval and the purchasing of products and services.     
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The rest of the paper is organized as follows.  The next two sections discuss related studies and 
include statistical data that is used to support the research goal and objectives.  The fourth section 
presents the plan for conducting the research study, the questionnaires that were used to obtain 
data for analysis, and the processes by which the data were analyzed.  The fifth section presents a 
detailed explanation of the data collected, the analysis of the data, and the findings from the PLS-
Graph analysis.  The last includes a discussion concerning the conclusions of the researcher and 
recommendations for future work. 

Literature Review 
According to the National Eye Institute (2002), age-related eye diseases can result in vision im-
pairment up to and including complete blindness.  As the population ages, three very common 
types of vision problems will continue to increase: age-related macular degeneration, cataracts, 
and glaucoma.  Age-related macular degeneration is one of the most common and most severe 
causes of vision impairment in seniors, a retina degeneration that results in a loss of sharp central 
vision.  Cataracts, or a clouding of the eye’s lens, can result in a person’s vision becoming 
blurred.  Glaucoma is a disease that affects the eye’s optical nerve and, if detected early, can be 
controlled.  But, any loss of vision is, unfortunately, irreversible.  The potential loss of vision by 
any of these diseases could impact an individual’s ability to use computer interfaces (Jacko et al., 
2003), a critical requirement for the successful use of B2C e-commerce Web sites. 

Seniors can also experience problems “…with fine motor coordination such as using a computer 
mouse to navigate through a site or positioning the cursor on a desired target” (Rogers & Fisk, 
2002, p. 261) and “factors such as arthritis and loss of general hand and finger dexterity can play 
a role in impaired control of the usual input devices for computers (e.g., keyboard and mouse)” 
(p. 248).  The hands and fingers are one of the areas of the body that experience a loss of motor 
functions and this can affect an individual’s use of a computer keyboard, a computer mouse, 
and/or a trackball. 

Cognitive load theory is based on the amount of working memory capacity, or the amount of in-
formation that a human can hold and analyze (Becker, 2004; Van Gerven, Paas, Van Merrien-
boer, Hendriks, & Schmidt, 2003).  According to Van Gervan et al. there are three cognitive de-
clines that seniors may experience: 1) a decrease in working-memory capacity, often seen as 
short-term memory loss; 2) a decline in the rate at which information can be processed and under-
stood; and 3) a decline in the ability to ignore irrelevant information.  As a result, seniors tend to 
perform less well on tasks that involve the use of short-term and working memory (Burton-Jones 
& Hubona, 2005; Cutler, 2005).     

It is a combination of the growth in the senior population, the increased usage of computers by 
seniors, the limitations and disabilities that result from the aging process, and a desire to utilize 
new technologies that presents both opportunities and challenges to B2C e-commerce companies.  
As Rettie (2002) noted, marketers need to recognize this opportunity and respond accordingly. 

In reviewing the demographic data from a sample of the studies that have been conducted against 
the TAM and e-commerce (see Table 1) neither the age of the participants nor the limitations that 
occur as a result of the aging process were considered as variables that could affect the perceived 
usefulness or perceived ease of use of the Web site.  Only the study by Park (2003) reported that 
44 of the 733 consumers in the research were 65 years of age or older, but the data from those 
participants was not isolated for analysis. 
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Table 1.  Research on TAM and Participant Age Distribution 

Author Purpose of the Research Participants Senior 
Participants 

L. Chen, 
Gillenson, & 
Sherrell 
(2004) 

Proposed that five additional variables 
influence the perceived usefulness and 
perceived ease of use of a Web site:  
Product Offering, Information Richness, 
Storefront Usability, Perceived Service 
Quality, and Perceived Trust. 

253 responses to an 
online survey.  Seven of 
the 253 responses were 
over the age of 50. 

None 
identified. 

Gefen, 
Karahanna, & 
Straub (2003) 

Trust is then added to the TAM as a 
construct that influences the consumer’s 
intention to use the Web site.  

196 undergraduate and 
graduate students from 
a business school in the 
mid-Atlantic region; 
188 in their twenties. 

None 
identified. 

Klopping & 
McKinney 
(2004) 

Study to establish that e-commerce is an 
information system technology that can be 
tested using the TAM. 

A Web-based survey 
responded to by 253 
undergraduates; 96% 
were between the ages 
of 20 to 25. 

None 
identified. 

Koufaris 
(2000) 

Conducted three field studies to better 
understand the impact of the design of the 
Web site on the consumer buying process. 

Study 1:  332 
participants; 79.5% 
under 35 years of age. 
 
Study 2:  280 
participants; normal age 
distribution. 
 
 
 
 
 
 
Study 3:  61 MBA 
students; 85% were 
between the ages of 26 
to 45.  

None 
identified. 
 
 
None  
identified 
although the 
“normal” 
distribution 
indicates that 
some seniors 
participated. 
 
None    
identified. 
 

Lederer, 
Maupin, 
Sena, & 
Zhuang 
(2000) 

To validate the application of the TAM to 
Internet Web sites and to identify the 
features these Web sites must exhibit to be 
considered useful and easy to use.   

An e-mail survey to 
members of work-
related Internet 
newsgroups; responded 
to by 163 individuals 
who use the Internet for 
their jobs. 

None 
identified; the 
average age 
of the 
respondents 
was 37.4 
years. 

O'Donnell 
(2002) 

Proposed and tested a theoretical model of 
the impact of Web site design features on 
trust generation and the final purchase 
decision. 

297 participants 
returned usable 
questionnaires; age 
range = 22 to 44 years 
of age. 

No seniors 
participated. 

Park (2003) 
 
 

Compared four models (i.e., the Theory of 
Reasoned Action (TRA), the Theory of 
Planned Behavior (TPB), the TAM, and a 
decomposed TPB model) to predict and 
understand the consumer's online shopping 
experience.  

733 consumers 
participated in an online 
survey. 
 

6% or 44 of 
the 
consumers 
were over the 
age of 65. 
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Author Purpose of the Research Participants Senior 
Participants 

Suh & Han 
(2003) 
 

Introduced the issues of security and 
ultimately trust in an e-commerce Web site. 

502 responses to a 
Web-based survey of 
Internet banking users.  
Only four of the 
respondents were over 
the age of 50. 

No seniors 
were 
identified as 
participants 
 

Related Work 
E-commerce Web sites are, according to Gefen et al. (2003), information technologies against 
which user acceptance behavior can be explained using the TAM.  Online users, after all, are in-
formation technology users and the more useful and easy to use the site, the more the Web site 
will be used.  Within the body of research on the TAM, there are several studies that modified the 
TAM and focused on its use in predicting acceptance of the Internet and e-commerce systems. 

Koufaris (2000) focused on understanding what motivates consumers to initially buy from an e-
commerce Web site and then later return as a repeat customer.  The research included two e-
commerce Web sites – Kozmo.com and Booksamillion.com – and three studies conducted against 
the constructs of the TAM.  Koufaris found that: 1) perceived usefulness had much more of an 
effect on the decision to shop than did ease of use since the Web site must fulfill a consumer’s 
shopping needs; and 2) the overall experience of using the Web site and finding the products the 
consumer desires can have a significant impact on both the initial shopping experience as well as 
the consumer’s intention to return to that site.   

Gefen, Straub, and Boudreau (2000) used a travel Web site, Travelocity.com, to test three con-
structs of the TAM:  1) perceived usefulness; 2) perceived ease of use; and 3) intention to use.  
The authors collected survey data from 160 students to compare and contrast three data analysis 
techniques: linear regression analysis, LISREL, and partial least squares. All three techniques 
produced the same result in that both perceived usefulness and perceived ease of use significantly 
influenced the intention to use the Web site. 

Liang and Lai (2002) used three online bookstores in Taiwan: 1) Kingston.com.tw; 2) 
Books.com.tw; and 3) Sanmin.com.tw.  The goal was to examine the effects of each store’s de-
sign on the consumer’s decision to purchase from the Web site.  Thirty students visited all three 
sites, purchased two items from any of the stores, and then completed a questionnaire about the 
pre-purchase and shopping experience.  The results showed that store design was as important as 
the product’s price and that consumers are more likely to purchase from well-designed Web sites.  

Gefen et al. (2003) analyzed survey data collected from 196 graduate and undergraduate students.  
The data were captured on a questionnaire and the responses were based on the participant’s last 
experience purchasing a book or CD from an online vendor.  The authors were testing a model 
based on the TAM that included the constructs perceived usefulness, perceived ease of use, in-
tended use, and a new construct, trust.  The findings showed that trusting the Web site and the 
vendor is important and that the technological aspects of the Web site, specifically the interface, 
influenced both the initial decision to buy and then to return to the Web site in the future.   

Klopping and McKinney (2004) tested the TAM in an attempt to better understand how and why 
people adopt and use e-commerce, referred to as online shopping.  The authors modified the 
TAM in two important ways:  1) they removed the relationship between perceived usefulness and 
perceived ease of use; and 2) they added a direct relationship between perceived usefulness and 
actual usage.  Five hypotheses proposed that the TAM, the construct perceived usefulness, and 
the construct perceived ease of use were all positively related to both the intention to use online 
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shopping and to actually shop online.  The results of the study support the authors’ modifications 
to the TAM and that perceived usefulness does influence the actual usage of the system.  Per-
ceived usefulness was also found to have a greater influence on the intention to use the Web site 
when compared to the perceived ease of use of the Web site.   

L. Chen et al. (2004) modified the TAM and added six additional variables to the model.  The six 
variables were:  Product Offerings, Information Richness, Usability of the Storefront, Perceived 
Service Quality, Compatibility, and Perceived Trust.  An analysis of 253 responses to an online 
survey indicated that the usability of the storefront was found to positively influence the per-
ceived ease of use of the storefront.  Another key finding was that the Web site’s usability was 
more important than the product offerings of the vendor.  Product offerings and the compatibility 
of the Web site to the user’s needs were found to have a significant influence on perceived use-
fulness.  Of particular importance to this researcher was that the usability of the storefront had a 
significant influence on the perceived ease of use of the Web site. 

In an international setting, Singh, Fassott, Chao, and Hoffman (2006) tested a TAM that included 
a new construct, Cultural adaptation.  The construct was posited to influence the TAM’s Per-
ceived ease of use of a Web site and the Attitude toward using a Web site.  Cultural adaptation 
was defined as a Web site’s ability s to present product content in formats applicable to different 
countries and cultures.  The study showed that Cultural adaptation had a significant effect on the 
Perceived ease of use of the Web site, and that the remaining constructs in the TAM, Perceived 
usefulness and Perceived ease of use, were positively related to  the Attitude toward using the 
Web site and ultimately the Behavioral intention to use  the Web site. 

Savitskie, Royne, Persinger, Grunhagen, and Witte (2007) modified the TAM and added two 
constructs that were posited to influence the perceived usefulness of an e-commerce Web site.  
The authors added a construct Computer affinity to represent a user’s attitude toward using com-
puters.  Also added to the model was a second construct, Involvement, to represent the user’s at-
tachment to the products offered for sale on an e-commerce Web site.  An analysis of 292 re-
sponses to a questionnaire indicated that: 1) the construct Involvement had a significant effect on 
Perceived usefulness; and 2) Computer affinity did not have a significant effect on Perceived use-
fulness.  Consistent with previous studies, Perceived usefulness was found to have a greater influ-
ence on the intention to use the Web site when compared to the Perceived ease of use of the Web 
site.  

In summary, the application of the TAM and its use when explaining the adoption of e-commerce 
Web systems has been established in prior studies.  These studies have validated the TAM and its 
reliable constructs of perceived usefulness, perceived ease of use, the attitude toward using the 
Web system, and the behavioral intention to use the Web system and have augmented the TAM 
with other constructs to better explain the relationship and significance of the TAM constructs.   

Research Methodology 

Model and Constructs  
The research model showing hypotheses is depicted in Figure 2.  The null hypotheses were as 
follows:  

• H1:  The senior’s perception of the products and services offered by an e-commerce Web 
site will not have a significant effect on the senior’s perceived usefulness of an e-
commerce Web site. 
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• H2:  The senior’s perception of the perceived usefulness of an e-commerce Web site will 
not have a significant effect on the senior’s attitude toward using an e-commerce Web 
site.    

• H3:  The senior’s perception of the usability of an e-commerce Web site will not have a 
significant effect on the senior’s perceived ease of use of an e-commerce Web site.    

• H4:  The senior’s perception of the usability of the Internet will not have a significant ef-
fect on the senior’s perceived ease of use of an e-commerce Web site.    

• H5:  The senior’s perceived ease of use of an e-commerce Web site will not have a sig-
nificant effect on the senior’s attitude toward using an e-commerce Web site.    

• H6:  The senior’s perceived usefulness an e-commerce Web site will not have a signifi-
cant effect on the senior’s behavioral intention to use an e-commerce Web site.    

• H7:  The senior’s perceived ease of use of an e-commerce Web site will not have a sig-
nificant effect on the senior’s perceived usefulness of an e-commerce Web site.    

• H8:  The senior’s attitude toward using an e-commerce Web site will not have a signifi-
cant effect on the senior’s behavioral intention to use an e-commerce Web site.    

• H9:  The senior’s behavioral intention to use an e-commerce Web site will not have a 
significant effect on predicting the senior’s actual use of an e-commerce Web site.   

The research model also contains many dependent-independent construct relationships that were 
analyzed.  The relationships are as follows: 

• Perceived Usefulness of the Web Site is dependent on two independent constructs, Per-
ceived Ease of Use of the Web Site and Products and Services. 

• Perceived Ease of Use of the Web Site is dependent on two independent constructs, Web 
Site Usability and Internet Usability. 

• Attitude toward Using the Web Site is dependent on two independent constructs, Per-
ceived Ease of Use of the Web Site and Perceived Usefulness of the Web Site. 

• Behavioral Intention to Use the Web Site is dependent on two independent constructs, 
Perceived Usefulness of the Web Site and Attitude toward Using the Web Site. 

• The primary dependent construct in the study is Actual System Usage of the Web Site and 
is dependent on one independent construct, Behavioral Intention to Use the Web Site. 
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the Web Site
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the Web Site

Actual 
System Usage
of the Web Site 

Products
and Service

Web Site
Usability

Internet
Usability

H2

H6

H3

H4

H1

H7

H5

H8 H9

 

Figure 2.  Research Model showing Hypotheses 
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Research Overview 
The researcher conducted a field experiment with a purposeful sample of seniors from two South 
Florida organizations - the Lifelong Learning Institute at Nova Southeastern University and the 
Daniel Cantor Senior Center in Broward County.  Each participant searched for and selected 
products, either an airline trip or a book, from four retail Web sites in two industries – travel and 
online bookstores.  The Web sites used were Orbitz.com, Travelocity.com, Booksamillion.com, 
and Barnesandnoble.com.   

The researcher selected an empirical method of study by observing each participant during the 
product search on each of the four e-commerce Web sites, logging data and comments about the 
participant’s task experience.  After the search was completed, the researcher provided a post-task 
questionnaire to the participant to capture quantitative data about that shopping experience and 
that Web site.  Since this research involved human subjects, Institutional Review Board approval 
was obtained before the pilot and the study were conducted. 

To ensure the replicability and consistency of each test of each Web site by every participant, in-
structions detailing the tasks to be accomplished were developed for each of the four e-commerce 
Web sites and each participant followed the instructions and executed the steps necessary to iden-
tify and select a book or an airline trip.  To improve the internal validity by acknowledging the 
influence of maturation effects (Sekaran, 2003), the four Web sites were tested by each partici-
pant in random order.   

This study did not require the participant to complete the purchase of a book or an airline reserva-
tion by submission of credit card information.  A review of a sample of prior research on e-
commerce shows that the ease of use and the usefulness of a Web site can be determined without 
actually purchasing a product or a service (Agarwal & Venkatesh, 2002; C. Chen, 2003; L. Chen 
et al.; Gefen et al., 2000; Gefen et al., 2003; Liang & Lai, 2002; O’Donnell, 2002; Park, 2003). 

Questionnaires 
Two questionnaires were used in the study.  The “Demographic and Computer Usage” question-
naire was used to capture demographic information about each participant and each participant’s 
experience using computers and the Internet.  It was also used to capture data about the number of 
times each participant shopped using an e-commerce Web site and provided the data that was 
used to measure the research model’s construct, Actual System Usage of the Web Site.  The sec-
ond questionnaire, called the post-task questionnaire, was used to capture the participant’s im-
pression of the shopping experience on each of the four Web sites used in the study, providing the 
data used to measure the remaining constructs in the research model.  

The questionnaires were created using an aggregate of questions from questionnaires that were 
used in prior studies.  C. Chen (2003) was used as the source for the questions on Internet Usabil-
ity. L. Chen et al. (2004) was used as the source for the questions on the remaining constructs in 
the proposed model.  The questions were positively worded, with three exceptions.  Three ques-
tions on Web Site Usability were borrowed from L. Chen et al. and negatively worded.  Accord-
ing to Sekaran (2003), good questionnaires use positively and negatively worded questions be-
cause this reduces the tendency for participants to always respond toward the same end of the 
scale.   

Consistent with prior studies of the TAM, the 7-point Likert scale was used to capture the re-
sponses to the construct questions.   The range of the scale for the post-task questionnaire is from 
1 to 7, from “strongly disagree” to “strongly agree” respectively.   The range of the scale on the 
“Demographic and Computer Usage” questionnaire, used to capture information about the num-
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ber of purchases made using e-commerce Web sites, is also from 1 to 7, from having made “0” 
purchases to having made purchases “More than 10 times” respectively.   

Usability Test Log  
Since the usability of each e-commerce Web site was studied, a document, called the “Usability 
Test Log”, was used to collect quantitative and qualitative data about the experience of the par-
ticipant during the product search task on each of the four Web sites.  The quantitative perform-
ance data that were collected, as suggested by Mayhew (1999) and Coyne and Nielsen (n.d.), in-
cluded: 1) task completion times; 2) whether the product search was completed successfully; 3) 
the number of requests for help or assistance; and 4) the number of errors made during the prod-
uct search.  Qualitative data, in the form of the researcher’s impression of the participant’s ex-
perience and verbal comments made by the participant, were also captured during the product 
search task. 

Pilot  
Four people representative of the population under study were recruited to validate the task in-
structions and the questionnaires.  As a result of this pilot, the questionnaires were validated to 
ensure that the questions were understandable and specific to evaluating the task of e-commerce 
shopping.  Changes were made to the task instructions to reflect modifications that were made to 
Web pages on the four Web sites. 

Results Analysis 
The data collected on the post-task questionnaires were analyzed using PLS-Graph version 03.00 
Build 1126, and XLSTAT, an Excel add-in that was purchased from Addinsoft Inc.  XLSTAT 
was used to test reliability of the measurement scales and to format the input files used by PLS-
Graph.    

PLS-Graph takes a conservative modeling approach that uses ordinary least squares regressions to 
estimate the loadings between items and constructs, the path coefficients, and the correlations 
between the constructs in the proposed research model (Chin, 1998).  Although these results are 
provided at the same time, the measurement model was first assessed for reliable and valid meas-
ures of the constructs, followed by an assessment of the structural model, and then the hypothesis 
testing.  The output from PLS-Graph was used for convergent and discriminant validity testing as 
well as for testing the significance of the causal paths and construct relationships.   

Hypothesis Testing 
The statistical significance of the path coefficients between the constructs was used to either “re-
ject” or “fail to reject” the null hypotheses.  Path coefficients, produced as output from PLS-Graph, 
were interpreted as regression coefficients in multiple regression analysis (Kline, 2005).  PLS-Graph 
also calculated t-values that were used in testing the significance of the hypothesized relationships 
(Gefen et al., 2000).      

The statistical significance is based on the selection of the significance level of the test.  The sig-
nificance level or alpha (α was set at .05, a conventional level (Cohen, 1988; Kline, 2004), which 
establishes the probability of making a Type I error.  A Type I error is the probability of incor-
rectly rejecting a true null hypothesis (Cohen, 1988; Kline, 2004).  For this study, there is only a 
small probability (< 5%) that a true hypothesis will be falsely rejected.   The probability of mak-
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ing a Type II error or failing to reject a false null hypothesis (Cohen, 1988; Kline, 2004) was not 
determined prior to conducting this study.      

Sample Size 
PLS-Graph requires the minimum number of data cases to be at least 10 times the highest number 
of items used to measure a research model’s construct (L. Chin, 1998; Gefen et. al., 2000), or for 
this study a minimum of 60 data cases.  Since the study involves the use of four Web sites and a 
product search on each Web site generated one data case, a minimum of 15 participants and tests 
on all four of the test Web sites were required to obtain the minimum number of 60 data cases.   

Results 
From August 10, 2006 to October 17, 2006, the researcher made presentations and met with the 
members of the Lifelong Learning Institute and the students and staff from the SeniorNet training 
program at the David Cantor Senior Center.  As a result of these visits, a total of 25 people volun-
teered and 21 of them participated in the study.          

The participants averaged 76 years of age and ranged in age from 66 to 86 years.  Gender was 
unevenly distributed whereby 81% of the participants were female and 19% of them were male.  
Twenty of the participants have Internet access in their home, with 43% of them using a high-
speed data line and the remainder using a dial-up connection.  All of the participants own a com-
puter, have access to the Internet, and have used the Internet in the past 6 months, thus meeting 
the requirements for participation in this study of e-commerce Web site usability.     

Guided by the steps in the test script, each participant conducted the product searches by perform-
ing the same tasks. The participant followed the task instructions to select a book on the book-
store Web sites and to select an airline trip on the travel Web sites and then completed a ques-
tionnaire to capture information about the search and selection experience on the Web site.  The 
researcher made every effort to see to it that every participant felt comfortable with the test envi-
ronment and the test process.  The goal was to minimize or eliminate any obstacles that could 
prevent the participant from successfully completing the task scenarios.  To accommodate the 
busy schedules of many of the participants, testing was conducted concurrently with 2 to 3 par-
ticipants in 5 of 12 test sessions.    

The researcher did not answer any questions on how to navigate or use the Web site nor did the 
researcher in any way bias or influence any participant’s answers to the questionnaires.  Partici-
pants could decide at any time to stop or abandon a product search on any of the four test Web 
sites.  If that happened, the participant could choose to complete the post-task questionnaire on 
that experience.   

The researcher observed each participant, with a good view of the computer monitor, and main-
tained a log of each product search experience by writing down the start and stop times of the 
test, whether or not the product search was successful, any requests for assistance or help, and 
any errors made during the test.  The researcher also wrote down comments about each task, es-
pecially noting the step in the task instruction if a participant exhibited signs of frustration, an-
noyance, or misunderstood something.  The goal was to capture an impression of either the diffi-
culties each participant faced or the ease with which each participant navigated the Web site. 

After completing any product search and post-task questionnaire, the participant was allowed to 
stop, rest, and even arrange to resume at a later time or date.  The quantitative data collected on 
any Web site test were used, although clearly data from all four Web sites were desired.  There-
fore, because the researcher had concerns that some participants may get tired or even frustrated 
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and withdraw from the research, not all product searches on all four of the Web sites by a partici-
pant were mandatory.  Because this was a test about e-commerce Web site usability, the quantita-
tive and qualitative data collected from any product search on any of the Web sites were used in 
the data analysis and final report. The 21 participants completed a total of 72 post-task question-
naire responses and the responses were spread fairly evenly across the four Web sites, but slightly 
favoring the online bookstores. 

Reliability and Validity of the Measures 
The responses to the questionnaires were keyed into an Excel spreadsheet.  The responses to the 
negatively worded items, numbers 23, 24, and 25 on the construct Web Site Usability, were re-
versed during data entry.  The spreadsheet was then used as data input to the PLS-Graph program 
and the program generated the Average Variance Extracted (AVE), path coefficients, t statistics, 
and variances using a bootstrapping resampling technique.  Bootstrapping is a standard approach 
used by PLS-Graph that resamples with replacement from the original sample and for this study 
500 resamples were used for significance testing of the path estimates (Chin, 1998). 

The means, standard deviations, factor loadings, Cronbach’s alpha (produced by the XLSTAT 
add-in), and the AVE for the post-task questionnaire items and the constructs are shown in Table 
2.  On a scale from 1 to 7, from “strongly disagree” to “strongly agree” respectively, the range of 
the means of the constructs ranged from a low of 4.76 to a high of 5.15, all above the “neutral” or 
middle of the Likert scale.  The highest construct was Attitude toward Using with a mean of 5.15 
followed closely by the constructs Web Site Usability at 5.08 and Internet Usability at 5.04.  The 
lowest construct, with a mean of 4.76, was Behavioral Intention to Use. 

Table 2.  Summary of Measurement Scales 

Construct Item 
Code 

Items Mean Standard  
Deviation 

Cronbach’s 
Alpha 

Average 
Variance 
Extracted 

Internet Usability 5.04  0.828 0.564 

 IU1 The Internet makes my life more 
interesting. 

5.92 1.31   

 IU2 I enjoy shopping online. 4.24 1.80   

 IU3 The Internet has brought great 
convenience to my life. 

5.38 1.51   

 IU4 The Internet makes my life eas-
ier. 

5.26 1.52   

 IU5 Shopping online is very easy. 4.40 1.84   

Behavioral Intention to Use the Web Site 4.76  1.000 1.000 

 BI1 I intend to use “the virtual store” 
(e.g. purchase a product or seek 
product information). 

4.76 1.94   

Perceived Ease of Use of the Web Site 4.90  0.986 0.948 

 PEOU1 Learning to use “the virtual 
store” was easy for me. 

4.97 1.88   
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Construct Item 
Code 

Items Mean Standard 
Deviation 

Cronbach’s 
Alpha 

Average 
Variance 
Extracted 

 PEOU2 I found it easy to use “the virtual 
store” to find what I want. 

4.99 1.83   

 PEOU3 My interaction with the “virtual 
store” was clear and understand-
able. 

4.85 1.87   

 PEOU4 It was easy for me to become 
skillful at using “the virtual 
store”. 

4.81 1.90   

 PEOU5 I found “the virtual store” easy 
to use. 

4.88 1.90   

Perceived Usefulness of the Web Site 4.86  0.929 0.824 

 PU1 Using “the virtual store” would 
improve my performance in 
shopping or information seeking 
(e.g. save time or money). 

5.07 1.80   

 PU2 Using “the virtual store” would 
increase my productivity in 
shopping or information seeking 
(e.g. make purchase decisions or 
find product information within 
the shortest time frame). 

4.86 1.83   

 PU3 Using “the virtual store” would 
enhance my effectiveness in 
shopping or information seeking 
(e.g. get the best deal or find the 
most information about a prod-
uct). 

4.78 1.81   

 PU4 I found “the virtual store” very 
useful in my shopping or infor-
mation seeking. 

4.72 1.88   

Products and Services 4.97  0.865 0.785 

 PO1 “The virtual store” has a vast 
selection of products. 

5.19 1.62   

 PO2 "The virtual store” offers lower 
prices than traditional stores for 
the same products. 

4.67 1.72   

 PO3 Overall, I like the product offer-
ings of “the virtual store”. 

5.04 1.73   

Attitude Toward Using the Web Site 5.15  0.847 0.867 

 A1 Using “the virtual store” was 
convenient. 

5.14 1.73   

 A2 Using “the virtual store” would 
save me time. 

5.15 1.87   
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Construct Item 
Code 

Items Mean Standard  
Deviation 

Cronbach’s 
Alpha 

Average 
Variance 
Extracted 

 A3* The fact that I cannot see the 
actual products makes me think 
twice about using “the virtual 
store”. 

3.63 2.02   

Web Site Usability 5.08  0.923 0.739 

 US1 It is easy to find specific infor-
mation from “the virtual store”. 

4.94 1.74   

 US2** I feel frustrated when I am using 
“the virtual store”. 

4.90 1.96   

 US3** I feel confused when I am using 
“the virtual store”. 

4.97 1.93   

 US4** It is hard to search for informa-
tion at “the virtual store”. 

5.26 1.85   

 US5 I feel confident that I have found 
all the relevant information that I 
am looking for at “the virtual 
store”. 

4.93 1.56   

 US6 Overall, I think “the virtual 
store” is usable. 

5.47 1.73   

Note.  * Item A3 was dropped due to a low Cronbach’s alpha. 

 ** Items US2, US3, and US4 were negatively worded items; the participants’ responses that 
were reversed. 

Two measures, Cronbach’s alpha and the AVE, were used to assess internal consistency reliabil-
ity for the items.  Cronbach's alpha was calculated by XLSTAT, a Microsoft Excel add-in, and all 
of the final coefficients are significantly greater than 0.70, the threshold for this study.  The val-
ues range from 0.828 for the construct Internet Usability to 0.986 for the construct Perceived 
Ease of Use.  The AVE was calculated by PLS-Graph for the post-task questionnaire items. The 
AVE measures the amount of variance that a construct captures from the measurement items and 
should be greater than 0.50 which indicates that 50% of the variance has been accounted for 
(Chin, 1998).  All of the AVE values of all of the constructs exceed the minimum, ranging from 
0.564 to 1.000. 

The final coefficient for the construct Attitude toward Using was computed using the answers to 
only two of its three items from the post-task questionnaire. Item A3 (The fact that I cannot see 
the actual products makes me think twice about using the “virtual store”), with the lowest mean 
among all of the items, was removed from the final data analysis.  Initially, when the responses to 
item A3 were included with the responses to items A1 (Using the “virtual store” was convenient) 
and A2 (Using the “virtual store” would save me time), the result was a Cronbach’s alpha coeffi-
cient of exactly 0.700.  Removal of item A3’s responses improved the coefficient to 0.847, a 
more acceptable value. 

The means, standard deviations, factor loadings, Cronbach’s alpha, and the AVE for the items 
associated with the construct Actual Usage are shown in Table 3.  The range of the scale to cap-
ture information about purchases the participants made using e-commerce Web sites is on the 
“Demographic and Computer Usage” questionnaire and is also from 1 to 7, from having made 
“0” purchases to having made purchases “More than 10 times” respectively.  The Cronbach alpha 



Senior Citizens and E-commerce Websites 

72 

coefficient of 0.923 is significantly greater than 0.70 and the AVE of 0.790 is greater than 0.50, 
the thresholds for this study. 

Table 3.  Summary of Measurement Scales:  
Demographic and Computer Usage Questionnaire 

Construct Item 
Code 

Items Mean Standard 
Deviation 

Cronbach’s 
Alpha 

Average 
Variance 
Extracted 

Actual System Usage of the Web Site 2.21  0.893 0.790 

 AU1 How many times during 
the past year have you 
purchased products or 
services from an Internet 
Web site? 

2.74 1.91   

 AU2 How many times during 
the past year have you 
purchased a book from an 
Internet bookstore? 

1.89 1.50   

 AU3 How many times during 
the past year have you 
made an airline reserva-
tion on an Internet Web 
site?   

2.01 1.38   

 

The items and constructs were tested for convergent and discriminant validity using confirmatory 
factor analysis.  Convergent validity verifies that the questionnaire items measuring their corre-
sponding construct are theoretically related, highly correlated to each other, and highly correlated 
to the construct they are intended to measure (Chin, 1998; Sekaran, 2003).  Factor loadings meas-
ure the strength of the correlation between each item and each construct and are standard outputs 
of the partial least squares analysis performed by PLS-Graph.  As shown in Table 4, the factor 
loading values (in bold) exceed 0.500, an acceptable minimum value (Chin, 1998), showing that 
there is a strong correlation between each of the items on their corresponding construct.  Each 
construct, as measured by its assigned items on the questionnaires, demonstrates convergent va-
lidity.   

Discriminant validity, on the other hand, verifies that the items that demonstrate convergent va-
lidity are not highly correlated to any other constructs in the model (Gefen & Straub, 2005; 
Sekaran, 2003).  As shown in Table 4, the items that demonstrated convergent validity (values in 
bold) do not correlate highly with any other constructs. Each construct, as measured by its as-
signed items on the questionnaires, demonstrates discriminant validity.   

Based on the Cronbach’a alpha and the AVE calculations, all of the items used in the analysis of 
the proposed research model can be accepted as internally reliable and consistent in defining the 
constructs.   Through the use of confirmatory factor analysis, all of the constructs demonstrate 
acceptable convergent validity and discriminant validity. 
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Table 4.  Discriminant Validity Correlation Matrix:  
Loadings and Cross-Loadings for the Measurement Model 

ITEMS IU A BI PEOU PU PO US AU 

IU1 0.726 0.291 0.164 0.394 0.225 0.344 0.230 0.269 

IU2 0.855 0.600 0.286 0.641 0.436 0.459 0.467 0.091 

IU3 0.600 0.087 0.166 0.187 0.134 0.181 0.166 0.393 

IU4 0.714 0.204 0.184 0.331 0.213 0.290 0.248 0.391 

IU5 0.834 0.536 0.326 0.591 0.517 0.449 0.473 0.288 

A1 0.605 0.937 0.551 0.863 0.593 0.691 0.767 0.050 

A2 0.388 0.926 0.613 0.649 0.685 0.677 0.654 0.041 

BI1 0.318 0.624 1.000 0.556 0.769 0.687 0.623 0.063 

PEOU1 0.582 0.830 0.587 0.973 0.657 0.738 0.848 0.050 

PEOU2 0.607 0.791 0.579 0.972 0.666 0.747 0.841 0.098 

PEOU3 0.605 0.804 0.529 0.968 0.635 0.720 0.814 0.006 

PEOU4 0.663 0.768 0.485 0.975 0.633 0.706 0.804 0.114 

PEOU5 0.625 0.779 0.524 0.982 0.648 0.731 0.839 0.080 

PU1 0.387 0.623 0.746 0.664 0.907 0.717 0.659 0.015 

PU2 0.384 0.532 0.647 0.509 0.933 0.711 0.608 0.095 

PU3 0.295 0.532 0.655 0.445 0.922 0.694 0.581 0.026 

PU4 0.568 0.761 0.724 0.752 0.867 0.769 0.748 0.135 

PO1 0.395 0.595 0.493 0.640 0.601 0.878 0.695 0.213 

PO2 0.372 0.546 0.512 0.545 0.636 0.872 0.544 0.025 

PO3 0.517 0.773 0.766 0.772 0.846 0.908 0.798 0.126 

US1 0.651 0.789 0.617 0.867 0.769 0.838 0.886 0.155 

US2 0.316 0.678 0.528 0.753 0.591 0.647 0.906 0.100 

US3 0.304 0.622 0.484 0.756 0.537 0.585 0.889 0.098 

US4 0.267 0.646 0.588 0.678 0.598 0.643 0.878 0.010 

US5 0.442 0.513 0.446 0.554 0.597 0.600 0.686 0.330 

US6 0.418 0.704 0.639 0.697 0.716 0.802 0.853 0.069 

AU1 0.327 -0.007 0.055 0.038 0.073 0.095 0.125 0.959 

AU2 0.332 -0.006 0.010 0.034 0.039 -0.006 0.126 0.741 

AU3 0.277 0.018 0.070 0.095 0.077 0.140 0.158 0.950 

 

Note.  Construct abbreviations are:  IU=Internet Usability; A=Attitude Toward Using; 
BI=Behavioral Intention to Use; PEOU=Perceived Ease of Use; PU=Perceived Usefulness; 
PO=Products and Services; US=Web Site Usability; AU=Actual System Usage. 
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Structural Equation Modeling: Partial Least Squares   
PLS-Graph estimated path coefficients between the constructs and the variances between the de-
pendent and independent constructs.  The result of that analysis using the proposed research 
model is shown in Figure 3.  The figure presents the constructs and the related measurement 
items with factor loadings, the amount of variance (R2) explained in the dependent constructs 
(Perceived Usefulness of the Web Site, Perceived Ease of Use of the Web Site, Attitude Toward 
Using the Web Site, Behavioral Intention to Use the Web Site, and Actual System Usage of the 
Web Site) and the path coefficients for the dependent and independent relationships. 

The statistical significance of the causal path between the constructs was determined using t sta-
tistics generated by PLS-Graph and was used to either “reject” or “fail to reject” the null hypothe-
ses.  The t distribution table, using a one-tailed test and a degrees of freedom of 71 (n-1), was 
used to determine the critical value.  If the t statistic was greater than the critical value, the null 
hypothesis was not rejected.  If the t statistic was less than or equal to the critical value, the hy-
pothesis was rejected.  Of the nine hypotheses, six were rejected and three were not rejected.   

Perceived
Usefulness of
the Web Site

Perceived
Ease of Use
of the Web Site

Attitude
Toward Using
the Web Site

Behavioral
Intention to Use
the Web Site

Actual 
System Usage
of the Web Site

Products
and Service

Web Site
Usability

Internet
Usability

0.253

0.643

0.711

0.296

0.688

0.151

0.647

0.184 0.063

(R2 = 0.792)

(R2 = 0.702) (R2 = 0.609) (R2 = 0.004)

(R2 = 0.651)

* H1

* H3

* H4

H7

* H2

* H5

* H6

H8 H9

*  significant at α = .05  
Figure 3.  Hypotheses and Model Parameters for the Research Model 

The nine null hypotheses and the results of the findings are as follows:  

• H1:  The senior’s perception of the products and services offered by an e-commerce Web 
site will not have a significant effect on the senior’s perceived usefulness of an e-
commerce Web site. 

The path coefficient between the construct Products and Services and the construct Per-
ceived Usefulness of the Web Site is significant at 0.688 (t statistic = 9.78, critical value = 
1.67, α = .05).  H1 should be rejected. 

• H2:  The senior’s perception of the perceived usefulness of an e-commerce Web site will 
not have a significant effect on the senior’s attitude toward using an e-commerce Web 
site.  

The path coefficient between the construct Perceived Usefulness of the Web Site and the 
construct Attitude Toward Using the Web Site is significant at 0.253 (t statistic = 2.79, 
critical value = 1.67, α = .05).  H2 should be rejected.   
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• H3:  The senior’s perception of the usability of an e-commerce Web site will not have a 
significant effect on the senior’s perceived ease of use of an e-commerce Web site.   

The path coefficient between the construct Web Site Usability and the construct Per-
ceived Ease of Use of the Web Site is significant at 0.711 (t statistic = 10.68, critical value 
= 1.67, α = .05).  H3 should be rejected.   

• H4:  The senior’s perception of the usability of the Internet will not have a significant ef-
fect on the senior’s perceived ease of use of an e-commerce Web site.    

The path coefficient between the construct Internet Usability and the construct Perceived 
Ease of Use of the Web Site is significant at 0.296 (t statistic = 3.87, critical value = 1.67, 
α = .05).  H4 should be rejected. 

• H5:  The senior’s perceived ease of use of an e-commerce Web site will not have a sig-
nificant effect on the senior’s attitude toward using an e-commerce Web site. 

The path coefficient between the construct Perceived Ease of Use of the Web Site and the 
construct Attitude toward Using the Web Site is significant at 0.647  
(t statistic = 7.99, critical value = 1.67, α = .05).  H5 should be rejected.    

• H6:  The senior’s perceived usefulness of an e-commerce Web site will not have a sig-
nificant effect on the senior’s behavioral intention to use an e-commerce Web site.  

The path coefficient between the construct Perceived Usefulness of the Web Site and the 
construct Behavioral Intention to Use the Web Site is significant at 0.643 (t statistic = 
5.57, critical value = 1.67, α = .05).  H6 should be rejected.    

• H7:  The senior’s perceived ease of use of an e-commerce Web site will not have a sig-
nificant effect on the senior’s perceived usefulness of an e-commerce Web site. 

The path coefficient between the construct Perceived Ease of Use of the Web Site and the 
construct Perceived Usefulness of the Web Site is not significant at 0.151 (t statistic = 
1.63, critical value = 1.67, α = .05).  H7 should not be rejected.    

• H8:  The senior’s attitude toward using an e-commerce Web site will not have a signifi-
cant effect on the senior’s behavioral intention to use an e-commerce Web site.    

The path coefficient between the construct Attitude Toward Using the Web Site and the 
construct Behavioral Intention to Use the Web Site is not significant at 0.184 (t statistic = 
1.31, critical value = 1.67, α = .05).  H8 should not be rejected.     

• H9:  The senior’s behavioral intention to use an e-commerce Web site will not have a 
significant effect on predicting the senior’s actual use of an e-commerce Web site. 

The path coefficient between the construct Behavioral Intention to Use the Web  Site and 
the construct Actual System Usage of the Web Site is not significant at 0.063 (t statistic = 
0.39, critical value = 1.67, α = .05).  H9 should not be rejected. 

Given that statistically significant results were not found for null hypotheses H7, H8, and H9, it 
was important to estimate the probability that a Type II error occurred.   The power of a statistical 
test is the probability of making a decision to reject a null hypothesis when it is false and the 
probability that a Type II error occurred is the complement of the statistical power (Cohen, 1998; 
Kline, 2004).  In a post hoc power analysis, three parameters are used to compute the power of 
the test and the probability that a Type II error occurred.  The parameters are: 1) the sample size; 
2) the alpha level; and 3) the effect size.  The effect size is the strength of the relationship among 
the independent and dependent constructs being tested in each of the null hypotheses (Kline, 
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2004) and is provided in the output of PLS-Graph as Pearson correlation coefficients.  To deter-
mine the power of the test and the probability of a Type II error, Cohen’s Pearson product-
moment correlation power table can be used when all three of the parameters are known.    

Pertaining to H7, the Pearson correlation between the senior’s perceived ease of use of an e-
commerce Web site and the senior’s perceived usefulness of an e-commerce Web site was 0.666.  
In this study, the sample size was 72 data cases and the alpha level was set at .05.  Using Cohen’s 
(1988) power table and a one-tailed test, the power of this test was > .995 and the probability of a 
Type II error was < .005.         

Pertaining to H8, the Pearson correlation between the senior’s attitude toward using an e-
commerce Web site and the senior’s behavioral intention to use an e-commerce Web site was 
0.624.  Using Cohen’s (1988) power table, the power of this test was > .995 and the probability of 
a Type II error was < .005. 

Pertaining to H9, the Pearson correlation between the senior’s behavioral intention to use an e-
commerce Web site and the senior’s actual use of an e-commerce Web site was 0.063.  Using 
Cohen’s (1988) power table, the power of this test was <= .21 and the probability of a Type II 
error was >= .79. 

The research model contains many dependent-independent construct relationships that were also 
analyzed using PLS-Graph.  The relationships and the findings are as follows: 

• Sixty-five percent of variance in the dependent construct Perceived Usefulness of the 
Web Site is explained by two independent constructs, Perceived Ease of Use of the Web 
Site and Products and Services.  The path coefficients indicate that between the two in-
dependent constructs, Products and Services exerts a much greater influence (0.688) than 
does Perceived Ease of Use of the Web Site (0.151). 

• Seventy-nine percent of variance in the dependent construct Perceived Ease of Use of the 
Web Site is explained by two independent constructs, Web Site Usability and Internet Us-
ability.  The path coefficients indicate that between the two independent constructs, Web 
Site Usability exerts a greater influence (0.711) than does Internet Usability (0.296).     

• Seventy percent of variance in the dependent construct Attitude toward Using the Web 
Site is explained by two independent constructs, Perceived Ease of Use of the Web Site 
and Perceived Usefulness of the Web Site.  The path coefficients indicate that between the 
two independent constructs, Perceived Ease of Use of the Web Site exerts a greater influ-
ence (0.647) than does Perceived Usefulness of the Web Site (0.253). 

• Sixty-one percent of variance in the dependent construct Behavioral Intention to Use the 
Web Site is explained by two independent constructs, Perceived Usefulness of the Web 
Site and Attitude toward Using the Web Site.  The path coefficients indicate that between 
the two independent constructs, Perceived Usefulness of the Web Site exerts a greater in-
fluence (0.643) than does Attitude toward Using the Web Site (0.184). 

• Less than one percent of the variance in the primary dependent construct Actual System 
Usage of the Web Site is explained by the independent construct, Behavioral Intention to 
Use the Web Site 

Participant and Web Site Usability Observations   
All of the computer monitors were set with a screen resolution of 1280 by 1024 pixels except one 
that was set at 800 by 600 pixels.  Since many of the participants wore eyeglasses and some of 
them had either bifocals with a lens for computer use or a separate pair of eyeglasses, the 1280 by 
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1024 resolution was acceptable. One monitor was set at 800 to 600 pixels and that increased the 
problems with navigation, especially on the travel sites when a long list of available flights, ho-
tels, and other attractions and services was displayed.  The amount of horizontal and vertical 
scrolling caused by this resolution resulted in increased amount of confusion and frustration by 
the participant that used this computer. 

The quantitative data collected on the usability test log from the 72 Web site tests is summarized, 
by Web site, in Table 5.  The average times spent testing the online bookstores were much less 
than the times taken on the travel sites.  This was caused by two factors.  First, the test script to 
make an airline reservation included many more steps to complete when compared to the test 
script to find two books and add them to the shopping cart.  The second factor was the complexity 
of the shopping experience.  The travel sites required the user to enter passenger data, select seats 
for the flights, and, in the case of Travelocity.com, required the user to become a member of 
Travelocity by entering the participant’s name, address and other demographic information.      

Table 5.  Descriptive Statistics – Participant Test Statistics 

 Barnes and Noble Booksamillion Orbitz Travelocity 

Tests per Site 19 19 17 17 

Average          Com-
pletion Time 9 minutes 12 minutes 18 minutes 19 minutes 

Successful Tests 100% 100% 82% 65% 

Errors Made 5 4 6 9 

Requests for Help 5 4 7 11 

 

All of the tests on the online bookstores were successfully completed but not all of the tests were 
successfully completed on the travel sites.  Eighty-two percent of the participants successfully 
completed the tasks on Orbitz.com and 65% were successful on Travelocity.com.  Two common 
mistakes were responsible for the unsuccessful tests.  First, the task instructions required the par-
ticipant to request flight reservations for two passengers.  Some of the participants entered a “2” 
in the “Adults” field and also entered “2” in the “Seniors” field, resulting in reservations for four 
passengers.  Even though they realized that this occurred, they continued on with the test.  The 
second most common mistake that occurred was that the participants did not select the seats for 
the second or return flight. 

Errors were made during every test on every site.  The most common one on the online bookstore 
Web sites occurred when the participants were changing the quantity of each book in the shop-
ping cart.  Both Barnesandnoble.com and Booksamillion.com required the customer to click on 
an “Update Quantity” link if changes were made to the shopping cart.  If the participant did not 
update, the quantities did not change in the shopping cart.  Most of the participants realized the 
mistake and recovered from it. 

There were two very common errors made on the travel sites.  First, both sites required e-mail 
addresses for contact information.  For verification, the e-mail address was entered two times.  In 
error, either the participant mistyped the e-mail address or missed entering it the second time.  
The second most common error occurred during the seat selection process.  Seats were selected 
on Orbitz.com by clicking on an icon representing an available seat.  Travelocity.com, on the 
other hand, showed the seat map and available seats, but did not offer the same functionality.  On 
Travelocity.com the user had to type the row and seat number into fields that are part of the pas-
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senger information.  Because of this difference, some participants did not correctly select seats for 
all of their flights.           

As the participants completed the task instructions for each Web site, they were encouraged to 
“Think Aloud” which allowed the researcher to log positive and negative comments made about 
the site.  These comments often addressed navigation throughout the Web site, the use of back-
ground colors and fonts, and the overall layout of the Web site.   

The page used to search for books on Barnesandnoble.com received favorable comments from 
many of the participants because they were able to easily find the search fields and they under-
stood the layout of the page and the need to enter information into the search fields.  It was clear 
to the researcher that the participants understood how to navigate the page and to use the search 
fields.   

The home page of Booksamillion.com also received favorable comments from many of the par-
ticipants, especially about the amount of open or white space on the page.  They found it easy to 
understand and liked the fact that it was not cluttered with a lot of advertisements.  The site had 
consistent navigation links, the searches for both the author and the title returned the correct 
books, and the pages were easy to see and read.  The only negative comments made were about 
the instructions on how to change quantities or remove books from the shopping cart. 

The home page of Orbitz.com received many unfavorable comments, especially about the light 
blue color that was used in the background of the Web pages.  Even more troubling for some par-
ticipants was the use of blue text against this same background which caused many of the partici-
pants to lean forward, closer to the computer monitor.  In one participant’s words, this Web page 
was not “senior friendly”.  After selecting the departure and return flights, a Web page was dis-
played that confirmed the flight number, the times, and the dates for each flight.  On the same 
page a long list of hotel options was displayed immediately following the flight details.  The par-
ticipant then had to do extensive vertical scrolling to bypass the hotel offers and continue with the 
testing.  Not only was this distracting to some participants, many of them saw this as unnecessary 
because they only requested flight information and did not want to be bothered with hotel, car 
rental, and other miscellaneous information.     

The home page of Travelocity.com used bold colors with dark type, a combination well received 
by many of the participants.  A primary frustration with Travelocity.com was its requirement that 
the person making the airline reservation become a member of Travelocity and provide his/her 
name, address, phone numbers, and other personal information early in the reservation process.  
Becoming a member was required immediately after the departure and return flights were se-
lected and just prior to selecting the seats for each flight.  The entry of the demographic informa-
tion was tedious and time consuming, causing some of the difference in the average test times.   

As noted earlier, the seat selection process on Travelocity.com also caused some frustration and 
confusion.  During seat selection the participants expected to be able to place the cursor on any 
available seat in the map, mouse click on the seat, and have the seat information automatically be 
entered in each flight reservation.  This was not, however, the functionality provided on this Web 
page and it took some participants a few moments to realize that selecting the seat did nothing at 
all.  To select a seat on this travel site, each participant had to manually enter the row and seat 
number in the appropriate box next to the passenger’s name.   Seat selection was not, according to 
some participants, intuitive or easy to use. 
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Conclusions 
The results of this research show that six of the nine null hypotheses of the research model could 
be rejected and that the research model is generally plausible.  The model clearly shows that sen-
iors have a behavioral intention to use e-commerce Web sites if the Web site is perceived as use-
ful.   

The perceived ease of use of an e-commerce Web site had a positive but not a significant effect 
on a senior’s perception of the usefulness of the Web site.  The relationship between these two 
constructs has been tested in previous studies and the findings suggest that the significance of this 
relationship often changes from one study to another.  In this study, the ease of use items in this 
study only measured the ease with which products could be found on the Web sites and did not 
measure the ease with which products could be purchased on the Web sites. It may be that the 
decision to only search for products on the Web sites but not purchase any of them may have re-
duced the influence that the construct Perceived Ease of Use of the Web Site has on the construct 
Perceived Usefulness of the Web Site. 

A senior’s attitude toward using an e-commerce Web site had a positive but not significant effect 
on a senior’s behavioral intention to use an e-commerce Web site. Consistent with prior findings, 
the path coefficients indicate that the independent construct, Perceived Usefulness of the Web 
Site, has a significantly greater effect on a senior’s intention to use a Web site when compared to 
the Attitude toward Using the Web Site.  The insignificance of the relationship between the atti-
tude toward using and the behavioral intention to use an e-commerce Web site suggests that sen-
iors will first determine if Web site will satisfy their wants or needs, thus considering it useful, 
before they ever visit the site.  Only if a senior intends to visit a site will the ultimate attitude to-
ward the site, a variable that mediates the influence of the perceived ease of use and the useful-
ness of the site, exert any influence.   

A senior’s behavioral intention to use an e-commerce Web site had a positive but not significant 
effect on a senior’s decision to actually use and purchase from the Web site.  Although this was a 
surprise to the researcher, it may be explainable.  The significance of the intention to use the Web 
site, which was posited to translate into actual use, appears to be tempered by the statistical influ-
ence of the items used to measure actual system use.  Previous online experience, captured by 
responses to the three items that were used to measure a senior’s prior purchasing experience, 
resulted in participants with both high and low usage, representing some long time users and nov-
ices respectively.  Thirty-eight percent of the sample had not made any purchases using the Inter-
net and perhaps their responses subdued any influence the construct Behavioral Intention to Use 
the Web Site exerted on the construct Actual System Use of the Web Site, reducing the effect size 
in this test.  It could be that although seniors may indicate an intention to use a Web site, primar-
ily influenced by the perceived usefulness of the Web site, if it is unusable, actual use may never 
occur. 

Two factors were posited to influence a senior’s perception of the ease of use of the Web site, the 
constructs Web Site Usability and Internet Usability.  The path coefficients indicate that between 
the two independent constructs, Web Site Usability exerts a greater influence than does Internet 
Usability.  Once a senior is confident he/she can use the Internet, it then becomes the usability of 
the Web site that exerts the most influence.   

Of significant worth is the test of the robustness of the Technology Acceptance Model (TAM) 
when applied to e-commerce adoption by seniors.  With the exception of the very weak relation-
ship between the behavioral intention to use an e-commerce Web site and the actual use of a Web 
site, the model’s predictive and explanatory capabilities still hold true.  Useful Web sites have 
products or services that consumers need or want.  The relationship between a Web sites’ per-
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ceived usefulness and the behavioral intention to use the Web site is still strong.  The long estab-
lished causal relationship between perceived ease of use and attitude toward using the Web site 
was also strong.  The highlight finding of this study, however, is the influence of Web site usabil-
ity and, to a lesser but still important extent, the influence of Internet usability on the perceived 
ease of use of e-commerce Web sites. 

The researcher observed that seniors found usability issues with all four of the test Web sites and 
it was obvious that both of the travel sites were more difficult to use when compared to the online 
bookstores.  However, it appears that if a Web site and the products and services it offers is per-
ceived as useful, seniors will attempt to try to overcome any usability issues.  It is clear to the re-
searcher that if seniors can overcome computer and Internet usability barriers, they could become 
eager and willing adopters of these technologies. 

Web designers should understand that Web sites must be both useful and easy to use and that the 
aging process can directly influence how easy a Web site will be to use.  The deterioration of vi-
sion, hearing, short-term memory, and motor skills can make it difficult for seniors to understand 
and navigate Web sites.  Based on many of the observations made during this study, designers 
should focus on removing obvious obstacles to Web site usability, obstacles such as the poor use 
of background colors, font sizes, inconsistent page layouts, and the presentation of pages cluttered 
with ads and miscellaneous information.  The ease of navigation, the ease of learning, and the 
ease of understanding the Web site are necessary if seniors are to become visitors and purchasers 
on online e-commerce Web sites. 

Finally, the researcher was concerned about the testing process and, specifically, participant fa-
tigue.  Although some of the participants took longer than others, not one of them expressed con-
cern about the length or the complexity of the tasks.  All of the participants were enthusiastic 
supporters of the research and were excited to be participating is such a study.  Some of the par-
ticipants stated that the opportunity to learn about e-commerce Web sites and the purchasing 
process was both exciting and enjoyable.  Many of them planned to return to some of the Web 
sites and purchase books or make travel reservations.    

Limitations  
Although a number of conclusions have been drawn as a result of this study, it is important to 
review some of the limitations against which these conclusions should be judged.  First, this was 
a purposeful sample and limits generalizability.  Second, although the sample size of 72 data 
cases resulted in acceptable statistical power for testing eight of the nine null hypotheses, a larger 
sample size may produce different and statistically better results.  Increasing the sample size will 
increase the statistical power analysis and reduce the probability of Type II error.  Third, the par-
ticipants may not adequately represent the larger senior population both in computer literacy, 
Internet usage, and Web expertise.  Finally, the four Web sites used in the testing came from two 
industries, travel and books, and may not fully represent the design, functionality, and usability of 
all of the types of e-commerce Web sites.  Some companies may spend more time and money and 
allocate more resources to designing and developing usable Web interfaces, while others may not.    

Directions for Future Research 
Regarding future research, researchers should conduct studies that address the following: 

1. Additional research is necessary to examine the generalizability of the findings by testing 
the research model with senior participants from other senior-based organizations.  Col-
lecting data across multiple organizations would improve the generalizability.   
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2. Conduct the same study with a larger sample as a means of increasing the statistical 
power and reducing the potential for Type II error.  

3. Conduct the same study with participants from the baby boomer generation, the genera-
tion that will be primarily responsible for the rapid growth in the senior population over 
the next two decades.  It would be most interesting to see if Internet usability and/or Web 
site usability had the same or less of an influence on perceived ease of use of e-commerce 
Web sites when compared to the findings in this paper.  

4. Conduct the same study with participants from today’s student population, the generation 
that is increasingly using e-commerce and social Web sites through the Internet and the 
World Wide Web.      

5. Test using seniors with varying degrees of sensory, cognitive, and mobility impairments 
and with and without the use of assistive devices. 

6. Test only with seniors that have already used the Internet to purchase products or ser-
vices.  This change in the sample requirements, from just testing with Internet users, may 
improve the effect size and the causal relationship between the behavioral intention to use 
e-commerce Web sites and actual usage. 

7. Alter the research model to remove the insignificant causal relationships identified in this 
study.  First, remove the construct Actual System Usage of the Web Site and terminate the 
model with Behavioral Intention to Use the Web Site.  Secondly, remove the construct At-
titude Toward Using the Web Site and instead posit that both the Perceived Ease of Use 
of the Web Site and the Perceived Usefulness of the Web Site directly effect a senior’s 
Behavioral Intention to Use the Web Site.    
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