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ABSTRACT 

In this paper we explore how one aspect of virtual computing – the virtual lab – effectively 
addresses many of the challenges of teaching web application development. Based on a case 
study at a large south-eastern university, we begin by providing a description of the technical 
resources needed to teach such a course. We then briefly describe the shortcomings of previ-
ous approaches for providing a suitable environment, followed by a description of the recently 
implemented virtual lab approach. Thereafter, we report results of a survey that asked stu-
dents exposed to this environment about heir experience and perception of the virtual lab. The 

paper concludes with a discussion on the benefits, drawbacks, and lessons learned from the 
virtual lab approach. 

Keywords: virtual lab, web design, computer programming 

1.  INTRODUCTION 

The ongoing evolution of information tech-
nology has a direct bearing on the nature of 
instruction provided to business students, in 

particular within the computing and informa-
tion sciences. The teaching of courses in this 
field requires the use of definite computing 
technologies either within a laboratory set-
ting or individually outside of the classroom 
(Liegle and Madey, 2003). The perception 

that students have about the effectiveness 
of the instructor and the course are also in-
fluenced by students’ perception of and sat-
isfaction with the technology used (Meso and 
Liegle, 2003, 2005). These perceptions have 
a direct bearing on the instructor’s evalua-
tion by students – evaluations that are heav-

ily relied upon at most institutions to assess 
the teaching effectiveness of instructors 
(Liegle and Johnson, 2003). Technologies 
that simplify the teaching of IT enhance 
pedagogical quality. 

In the case of application development, the 
complexity of the technology, or its cumber-

someness, mitigates the students’ ability to 
grasp and understand the core body of 
knowledge being disseminated in the course. 
This is due to the fact that the computing 

environment of application development, in 
particular for the web, typically involves a) 
multiple physical tiers in form of cli-
ent/browser, web-server, application server, 
and database server, b) different perspec-
tives of programming in terms of client vs. 

server side, c) infrastructure related issues 
such as security/firewalls, download-
ing/uploading software, web hosting, and so 
forth. 

Effective teaching tools enhance the learning 
capability of students and make the mastery 
of difficult principles simpler (Liddle, Brown 

et al., 1995; Janicki and Liegle, 2001). Re-
search in this area also points out that the 
teaching tools and technologies that prove to 
be effective in most cases are those that are 
easy to use and easy to learn (Meso and 
Liegle, 2005), minimize the technological 
barriers between student and the core-
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knowledge or principles being disseminated 
to the student (Janicki and Liegle, 2001). 

Therefore, our objective in this study is to 
assess how one aspect of virtual computing 

– the virtual lab – effectively addresses 
many of the challenges of teaching applica-
tion development. Based on a pilot study at 
a large south-eastern university, we provide 
a description of the recently implemented 
virtual lab approach. Thereafter, we report 
results of a survey that asked students ex-

posed to this environment about heir experi-
ence and perception of the virtual lab. The 
paper concludes with a discussion on the 
benefits, drawbacks, and lessons learned 
from the virtual lab approach. 

2.  VIRTUAL LAB 

In spring 2005, the department installed a 
virtual lab environment (VL). The VL is con-
figured in a way that each class is given a 
number of virtual workstations (VWS). Stu-
dents can access these VWS via MS remote 
desktop connection and then interact with 
them as if they were in front of the real ma-

chine. Each of these VWS is presently so 
configured that the student has complete 
administrator rights, and has both IIS and 
Visual Studio running. Instructors are given 
administrator rights to all these workstations 
as well, allowing them to review and test 
applications. The VL was first used for teach-

ing in the summer semester of 2005. 

2.1 Configuration of Virtual Lab 

The virtual lab cost a total of $115 000. It 
consists of two servers (IBM XSeries 365) 
with the following software in place for the 
architecture: VMware ESX 2.5, VMware Vir-

tual Center 1.2, IBM Director 4.2.02, and 
IBM Virtual Machine Manager 1.0. Each 
server has 10Gb memory, four Xeon 2.2 GHz 
processors, three 100 GBits network cards, 
six hard drives with 146GB each, configured 
as a RAID5 array. This setup enables the 
concurrent existence of forty Win2k3 server 

and/or XP-workstation virtual machines with 
256MB memory. 

2.2 Operation of Virtual Lab 

The system administrator creates a template 
virtual workstation for each class, installing 
and configuring the required software as per 
the specifications of the instructor. The in-

structor is then given a number of student 

accounts, which are replicas of this tem-
plate. Students are then provided with the 
virtual machine name, and given a login ID 
and password. Unlike with a shared server, 

the names of the virtual machines are differ-
ent for each account, and this account has 
full administrator rights. Students can con-
nect to their VWS either from conventional 
teaching lab workstations (that by them-
selves do not have IIS running), or from 
home, as long as they have remote desktop 

connectivity. This allows students to de-
velop, host, and test their web applications 
directly without being constraint by the set-
tings of the local machine. 

The major advantages of this setup are: 

• It becomes possible to support in-class 

web development exercises using conven-
tional computer labs 

• Students don’t have to install and config-
ure IIS and necessary software develop-
ment environments like Visual Studio at 
home 

• Students don’t have to submit projects, 

sine the instructor has access to all their 
virtual accounts 

• Once a VWS is created, each stu-
dent/instructor can install their own per-
sonal software 

• Special software that requires individual 
licenses can now be installed on the right 

number of virtual machines 

• System administration is made much eas-
ier: 

• Each semester, the original template is 
used to re-create the class accounts by 
simply cloning it 

• Both the students and the instructor have 
full administrative rights and therefore do 
not have to wait for tech support 

• Should an account become corrupted, only 
the project files need to be saved while the 
workstation is re-cloned 

3.  EVALUATION OF THE VIRTUAL LAB 

The virtual lab was installed and tested dur-
ing the spring 2005 semester, and two fac-
ulty members were given access to a small 
number of VWS to allow them to learn the 
system, configure “template” workstations 
for their respective courses, and write in-
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structions for students. During the summer 
2005 semester, these two faculty members 
were assigned a total of 25 virtual worksta-
tions for use in their three web development 

and systems design courses. 

Toward the end of the semester, the primary 
question became: how effective is the VL 
setup as a pedagogical resource for applica-
tion development. To address this question, 
we administered a survey based on the the-
ory of TAM’s (Technology Acceptance Model) 

key efficacy constructs: “ease of use” and 
“usefulness” (See Figure 1) (Gallivan, 2001; 
Chircu et a., 2000; Straub et al., 1997). 

 

Figure 1: Technology Acceptance Model  

(Chin, 2000) 

TAM has been used to explain the selection 
of an IT tool or technology to support the 
teaching of a technical IT course (Meso and 
Liegle, 2005) and to compare particular 
technologies or skill sets with respect to 

predefined outcomes such as subject’s pro-
ductivity, subject’s cognitive performance 
and some output artifacts (e.g. higher qual-
ity analysis diagrams, higher quality pro-
gram code, etc) (Basili et al., 1999; Burton-
Jones and Meso, 2002; Havelka, 2003; 
Howard et al., 1999; Wang, 2003; Moris et 

al., 1999; Vessey and Conger, 1994). 

Within the context of an IT course, we ex-
pect that students will be attracted to a 
technology that is easy to use and directly 
relevant to the course requirement tasks 
that they must complete, or to a technology 
that they perceive as bearing these traits. 

Therefore, assessing the reactions of stu-
dents toward a particular technology can 
determine the effectiveness of that technol-
ogy as a pedagogical tool for the course in 
question (Meso and Liegle, 2005). 

In past TAM studies, the ease of use and 

usefulness variables have been operational-
ized as either perceived or actual measures 
(Davis, 1989; Deane, Podd, and Henderson, 
1998; Henderson and Divett, 2003; Szajna, 

1996;). Perceived measures have been more 
frequently employed than actual measures 
(Deane, Podd, and Henderson, 1998) and 
are said to be appropriate in situations 

where users have yet to use the technology, 
in other words, pre-implementation (Deane, 
Podd, and Henderson, 1998). Therefore, we 
selected to use perceived measures in this 
study. 

TAM as a tool is designed to evaluate a 
technology in isolation. However, based on 

preliminary observations and past experi-
ence with teaching this type of course, we 
expect a number of factors to have an influ-
ence on a student’s perception of the useful-
ness and ease of use of the VL. In particular, 
some students would have successfully in-

stalled a web-server at home or on their lap-
top, while others would fail to do so for vari-
ous reasons. Anecdotal experience from past 
semesters pointed to the expectation that 
the latter type of students would not be able 
to complete individual assignments and 
would heavily rely on teammates for group 

assignments. We expect that students who 
were unable to install a web server would 
find the virtual lab particularly useful and 
perceive it as being easy to use. On the 
other hand, students with their own web 
server would find a virtual lab more cumber-
some and therefore would rate it lower on 

both ease of use and in particular usability. 
This is due to the fact that the virtual lab a) 
requires additional steps to be taken to con-
nect to the virtual server, b) will be slower in 
terms of performance than most student’s 
own web server, c) involves things like VPN 

(virtual private network) to bypass campus 
firewalls for use at home, and d) may have a 
layout/configuration that is different from 
what they are used to. Therefore, as a sec-
ond part of the study, we adres the question 
what factors influence the perception of the 
ease of use and usefulness of the VWS. 

a) Hypothesis 

The flexibility of the virtual lab, which not 
only enables instructors to use standard 
electronic classrooms for in-class exercises, 
but also allows students to log-into them 
from anywhere, suggests that this environ-
ment would be perceived as extremely use-

ful. In addition, we expect them to find the 
virtual computers to be easy to use. Based 
on this, we hypothesized as follows. 

Students will rate the virtual machine as 
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H1: useful for individual exercises 

H2: useful for group projects 

H3: easy to use for individual exercises 

H4: easy to use for group projects 

b) Research Instrument 

We used a questionnaire (See appendix 1) 
to collect the data for evaluating the VL. The 
questions used in the questionnaire were 
derived from standard TAM questions (Meso 
& Liegle, 2005; Gallivan, 2001; Chircu et al., 
2000; Straub et al., 1997) and further in-

cluded standard demographic questions. Fi-
nally, data about the specifications of the 
primary computer used by each student and 
how – if at all – they had configured their 
web server was also collected. 

c) Subjects 

The subjects for this study were drawn from 
two related graduate courses. One course 
(Principles of Web Design) had 13 respon-
dents, while the other (Web application de-
velopment) had 10 respondents. There was 
no significant differences in the composition 
of the two sections with respect of gender, 

major (see Appendix 2), IT related work ex-
perience, years of programming experience, 
or years of web-design experience (see Ap-
pendix 3). There was also no difference 
across the groups in their programming ex-
perience with relevant languages (Java, VB, 
C, and C#, see Appendix 3). Therefore, the 

data from both sections was merged for the 
analysis of the study’s hypotheses. 

Students have the option to download Visual 
Studio.NET and WindowsXP upgrade for free 
as part of the Microsoft Academic Alliance 
(MSDNAA) program. Out of 23 subjects, 

78% (18) downloaded the software from 
MSDNAA, 13% (3) purchased it, and 4% (1) 
did not respond to this question. 

The vast majority (91% or n=21) reported 
that they installed Visual Studio themselves, 
4% (n=1) had it pre-installed, the rest (4% 
or n=1) did not respond. To allow the devel-

opment of web-applications, Internet Infor-
mation Server (IIS) needs to be installed 
and configured. Of the respondents, 78% 
(n=18) reported that they configured it 
themselves, while 9% (n=2) relied on 3rd 
parties for the configuration. Similarly, both 
IIS and Visual Studio need to be configured 

to work with the .NET 1.1 framework. Here, 

74% (n=17) reported that they configured it 
themselves, while 9% (n=2) relied on 3rd 
parties. 

d) Statistical methods 

To test hypotheses H1-H4, we report the 
results of the survey (Lickert-scale) of the 
related questions, while for hypothesis H5-
H8 we used the non-parametric two-sample 
Kolmogorov-Smirnov test and further re-
gression to analyze the differences in terms 
of “haves” and “have-nots”. The Kolmo-

gorov-Smirnov test is used to compare 
means in case of small sample sizes. Our 
study had only 23 subjects, making it ap-
propriate for this test. The regression 
method enables researchers to identify the 
factors that most contribute towards the 

variance in the dependant variable. In our 
case, the dependent variable is ease of use 
and usefulness. The independent variables 
are students programming experience (in 
years), whether the student had a running 
web server (t/f), and his/her computer’s so-
phistication. As a proxy for the sophistication 

of the computer, we used the amount of 
RAM the student had installed. Other ques-
tions that we asked to use as a proxy were 
age (years) and processor (type/speed). 
Unfortunately, very few students knew much 
about their computer, but nearly everyone 
knew the amount of RAM they had. A visual 

inspection of the data showed that newer, 
faster computers also were equipped with 
more ram, while older ones used less ram. 
We therefore feel comfortable with using 
RAM as a proxy. 

4.  RESULTS AND DISCUSSION 

4.1 Perception of VL 

We used the Lickert-scale scores provided by 
the subjects to assess the first four hypothe-
ses. Specifically, we determined the mean of 
the responses for each respective hypothe-
sis. The results indicate that students found 
the virtual computers most useful for indi-

vidual exercises, and somewhat useful for 
group projects. Similarly, but with lower 
scores, students found the virtual computers 
easy to use for individual exercises, and to a 
much lesser extend, for group projects. The 
specific mean (standard deviation) ratings 
were as shown in Table 1. 

While these results could be interpreted as 
marginal, one has to consider that currently 
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there are only a small number of virtual ma-
chines available per section, meaning that 
not every student has his/her own virtual 
machine. Additionally, they are configured 
that they do not support multiple concurrent 

logins, which limits their use for group-
projects in that only one person can be 
logged in at the same time. Further, the 
mean scores were all above 3 (neutral) and 
mostly leaning towards 4 (agree) – indicat-
ing that students felt that the virtual com-
puters were easy to use or very useful re-

spectively. Therefore, there is marginal sup-
port  for hypothesis H1-H4. 

While these results could be interpreted as 
marginal, one has to consider that currently 
there are only a small number of virtual ma-
chines available per section, meaning that 
not every student has his/her own virtual 

machine. Additionally, they are configured 
that they do not support multiple concurrent 
logins, which limits their use for group-
projects in that only one person can be 
logged in at the same time. Further, the 
mean scores were all above 3 (neutral) and 

mostly leaning towards 4 (agree) – indicat-
ing that students felt that the virtual com-
puters were easy to use or very useful re-
spectively. Therefore, there is marginal sup-

port  for hypothesis H1-H4. 

4.2 Factors influencing the perception 
of the VL 

We run four regressions to identify what fac-
tors significantly influence student’s percep-
tion of the VL. The dependent variable was 
ease of use or usefulness for individual or 

group-work assignments respectively. The 
significant independent variables were pro-
gramming experience, the power of one’s 
home computer, and whether one had a 
running web server on it. We also deter-
mined the interaction terms of these vari-

ables. Tables 2 and 3 summarize the results. 

The results indicate that simply having a 
running web server does not influence a stu-
dent’s perception of the VWS. However, the 
extent of programming experience (in 
years), and the power of the computer 
owned by a subject seem to have a signifi-

cant influence on the subject’s perception of 
the virtual lab. These observations were 
consistent for all four regressions. 

A closer examination of the regression mod-
els revealed that there were significant in-
teraction effects between programming ex-
perience and the presence of a running web 

server on a subject’s home computer; and 
also between the power of a subject com-
puter and the presence of a running web 
server on that computer. This necessitated a 
refined interpretation of the regression mod-
els. 

Table1: Mean and Standard Deviation 
of questions 16-19. 

Hypo- 
thesis 

Question Mean 
(StDev) 

H1 VL useful for individual 
exercises 

4.00  
(0.97) 

H2 VL useful for group 
projects 

3.50 
(1.10) 

H3 VL easy to use for in-
dividual exercises 

3.67 
(1.03) 

H4 VL easy to use for 
group projects 

3.12 
(0.99) 

Dependent variable Model 
strength 

Coefficients of independent variables 

# Question r2 (p) PExp. WSxPExpy# WS WSxComp# Comp 
16 ease-of-use 

(in-class) 
5.66 
(.093) * 

5.526 
(.005)** 

-5.466 
(.006)** 

-0.640 
(.224) 

3.746  
(.012)** 

-3.241 
(.009)** 

17 ease-of-use 
(group work) 

.716 
(.024) ** 

5.292 
(0.002)** 

-5.345 
(.002)** 

-.524 
(.242) 

3.370  
(.010)** 

-3.823 
(.004)** 

18 usefulness 
(in-class) 

.745 
(.009) ** 

6.226 
(.000) ** 

-6.152 
 (.000) ** 

-.474 
(.239) 

3.860  
(.002) ** 

-4.193 
(.002) ** 

19 usefulness 
(group work) 

0.626 
(.049) ** 

5.381 
(.004) ** 

-5.459  
(.004) ** 

-.268 
(.571) 

2.906  
(.028) ** 

-2.994 
(.013)** 

Table 2 :  Questions & adjusted beta (p-value) significant at p<=.1 *  p<=.05 ** 

Legend:PExpy (PROGY): Programming experience in years 

WS (RUN): True/False whether subject has personal web server 
Comp (RAM): Power of subject’s computer in MB of RAM 
#:  Interaction effect variables 
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For those students that have a web server 
running on their personal computer, pro-
gramming experience had no real influence 
on their perception of the VL. However, pro-

gramming experience significantly impacted 
the perception for those students that had 
no running web server at home. These re-
sults indicate that the more programming 
experience a subject had, the more they 
appreciated the VL. We interpret that as that 
“novice” students may not have had the 

knowledge to take advantage of the VL. 

The results with respect to computing power 
were surprising, since we expected this to 
have no effect for students who do not have 
a running web server. Yet, in all four regres-
sions, the computing power strongly and 
negatively influenced the student’s percep-

tion of the VL. Our interpretation here is that 
students tended to compare the perform-
ance of the VL to that of their personal com-
puters. Therefore, students with powerful 
computers, perceiving the VWS as running 
more slowly than their personal computers, 
were inclined to rate the VL relatively lower. 

Those having slow personal computers, on 
the other hand, tended to rank it relatively 
higher, for the same reason. This explains 
the negative directionality of the influence of 
computer power on student’s perception. 

5.  CONCLUSION AND FUTURE 

RESEARCH 

Our initial assessment of the virtual lab is 
that it was a success. Students on average 
found it to be useful (3.75 out of 5) and 
easy to use (3.45 out of 5). The results, 
though preliminary, also indicate that the 
power of the personal computer, presence of 

a running personal web server, and pro-
gramming experience have a significant in-
fluence on the perception of the students. 

A limitation of this study was that it was 
conducted over a compressed time period 

(summer semester) with a small number of 
students, resulting in very few data points. 
Additionally, the limited use per subject of 
the virtual computers due to the fact that 

only a small number of virtual workstations 
were available for the two sections may 
have affected the power of the results. 

Informal feedback from the students and the 
fact that they were able to do in-class exer-
cises as well as group work showed that the 
system worked. Those who could use them, 

i.e. students with programming experience, 
in particular appreciated the virtual com-
puters. In addition, those students who had 
less sophisticated computers at home and/or 
did not have a computer with IIS installed at 
all, appreciated the virtual computers and 

found them easy to use and useful. Since 
easy of use and usefulness are predictor 
variables for technology acceptance, we feel 
confident that the virtual servers will be a 
huge success. 

The next step is to evaluate the system in 
longer-term studies with larger number of 

students to see how it performs “under 
load.” In addition, other system features 
such as the ability to install limited number 
of copies of special software to comply with 
licensing restrictions need to be tested and 
evaluated. 
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Appendix 

VIRTUAL INTERNET SERVER SURVEY 
Participation in this survey is voluntary and anonymous. The results of this survey will only be 
published in summary form and be used to improve the teaching at GSU. 

 
Your Background: 
Standing: SGraduate SUndergraduate 
Major: S CIS(major/concentration/related)  S Other: _____________________ 
Gender: S Male SFemale SOther 
Years of IT related work experience:      _______ 
Years of programming experience:   _______ 

Years of web-design experience:   _______ 
 
Please rate your PRIOR programming experience   
[1= none, 2 little, 3 some 4 proficient, 5 expert, 6 N/A] 
___ with Visual Studio 
___  prior experience with virtual labs 

___  ASP.NET  
Languages: ___  Java,  ___  C++,  ___  VB,  ___  C# 
Any Comments: 
 
Please rate the Computer that you primarily use for programming assignments: 
 
Location: S PC at home       SLaptop       S PC at work S University Lab S other:  

 

Amount of RAM Memory 
(i.e. 512 MB) 

 

Processor type and speed 

(i.e. Intel Celeron 2.4 Mhz) 

 

(be as specific as you can. If “unknown”, specify age of computer or unkown) 

 
If your main computer is at home/office, how did you obtain VisualStudio.NET? 
S Downloaded from Microsoft (Academic Alliance) 
S Bought software 
S Came already installed 
S Other: _________________________________________________ 
 

Regarding your primary computer Yourself 3rd party N/A 

Who installed Visual Studio?:    

Who configured IIS to work with Visual Studio?:    

Who configured IIS/VS to work with .NET 1.1 ?    

 
 

� Please turn over – 
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Please answer the following section if you obtained Visual Studio through the  
Academic Alliance download: 

 Strongly 
Disagree  

Disagree Neutral Agree Strongly 
Agree 

N/A 

Accessing the download site was 
easy  
(ie finding site, getting password) 

      

My internet connection is reliable  

(in regards of data loss/timeouts) 

      

Downloading the software was 
easy 

      

Installation of the software was 
easy 

      

Configuring the software (i.e. IIS) 
was easy 

      

Learning how to use Visual Studio 
was easy 

      

Using Visual Studio was easy 
 

      

My computer was very responsive 
with IIS and Visual studio running 
at the same time 

      

It was easy to locate applica-
tions/files on my primary computer 

      

It was easy to use my primary 
computer for group work 

      

 

Please answer the following section if you have used the Virtual Servers 
as part of your in-class/homework experience 

 Strongly 
Disagree  

Disagree Neutral Agree Strongly 
Agree 

N/A 

Connection to the virtual lab is 
easy (i.e., mstsc) 

      

My internet connection was reliable  
(in regards of data loss/timeouts) 

      

The virtual lab computer was very 
responsive with IIS and VStudio 
running at the same time 

      

It was easy to locate applica-

tions/files on the Virtual Computer 

      

It was easy to upload/download 
data from the Virtual computer 

      

It was easy to use the virtual com-
puter for in-class exercises 

      

It was easy to use the virtual com-
puter for group projects 

      

The virtual server is very useful for 
in-class exercises 

      

The virtual server is very useful for 
group projects 
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