
 

Synchronous Remote Usability Testing  
- A New Approach Facilitated By Virtual Worlds 

Kapil Chalil Madathil 
Clemson University 

110 Freeman Hall Clemson SC 29634 
mchalil@clemson.edu 

Joel S. Greenstein 
Clemson University 

110 Freeman Hall Clemson SC 29634 
iejsg@clemson.edu 

 
ABSTRACT 
This study proposes a new methodology for conducting 
synchronous remote usability studies using a three-
dimensional virtual usability testing laboratory built using 
the Open Wonderland toolkit. This virtual laboratory 
method is then compared with two other commonly used 
synchronous usability test methods: the traditional lab 
approach and WebEx, a web-based conferencing and screen 
sharing approach. A study was conducted with 48 
participants in total, 36 test participants and 12 test 
facilitators. The test participants completed 5 tasks on a 
simulated e-commerce website. The three methodologies 
were compared with respect to the following dependent 
variables: the time taken to complete the tasks; the usability 
defects identified; the severity of these usability defects; 
and the subjective ratings from NASA-TLX, presence and 
post-test subjective questionnaires. The three 
methodologies agreed closely in terms of the total number 
defects identified, number of high severity defects 
identified and the time taken to complete the tasks. 
However, there was a significant difference in the workload 
experienced by the test participants and facilitators, with the 
traditional lab condition imposing the least and the virtual 
lab and the WebEx conditions imposing similar levels. It 
was also found that the test participants experienced greater 
involvement and a more immersive experience in the virtual 
world condition than the WebEx condition. These ratings 
were not significantly different from those in the traditional 
lab condition.  The results of this study suggest that 
participants were productive and enjoyed the virtual lab 
condition, indicating the potential of a virtual world based 
approach as an alternative to the conventional approaches 
for synchronous usability testing. 
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INTRODUCTION 
Usability studies on software interfaces analyzing how 
users interact with computer applications began in the early 
1980’s [5, 22]. At this time, several usability evaluation 
methodologies evolved, the most common one being 
laboratory-based testing. This methodology, usually 
conducted in a lab equipped with audio and video recording 
capabilities, involves a test facilitator and participant in 
front of a one-way mirror with the application developers 
watching and recording the participant’s completion of the 
tasks assigned. User performance is then evaluated based 
on parameters such as speed, accuracy and types of errors. 
These quantitative data are combined with subjective 
information obtained through verbal protocols [10], critical 
incident reporting [7], and user satisfaction surveys [6]. 
Traditionally, usability evaluation has been conducted 
during the final stage of the design process, the cost and 
time requirements associated with it being significant. To 
address this issue, the early 1990’s witnessed research 
developing alternative cost-effective usability evaluation 
methods and the inclusion of usability as a product attribute 
early in the design process. These results led to the 
development of such methodologies as heuristic evaluation 
[19], discount usability testing [17], cognitive and usability 
walk-throughs [15, 3], formal usability inspection [17] and 
heuristic walk-throughs [21].  

The emergence of high speed internet technologies has 
resulted in the concept of the global village and next 
generation products addressing its needs. In such a scenario 
where usability evaluators, developers and prospective 
users are located in different countries and time zones, 
conducting a traditional lab usability evaluation creates 
challenges both from the cost and logistical perspectives. 
These concerns led to research on remote usability 
evaluation, with the user and the evaluators separated over 
space and time. The development of the Internet has 
enabled usability testing to be conducted remotely, with 
significant cost savings [13]. However, remote testing may 
lack the immediacy and sense of “presence” desired to 
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support a collaborative testing process. Moreover, 
managing inter-personal dynamics across cultural and 
linguistic barriers may require approaches sensitive to the 
cultures involved [8]. Other disadvantages include having 
reduced control over the testing environment and the 
distractions and interruptions experienced by the 
participants’ in their native environment [8]. 

The use of three-dimensional (3D) virtual world 
applications may address some of these concerns. 
Collaborative engineering was redefined when these worlds 
integrated high fidelity voice-based communication, 
immersive audio and data-sharing tools [9]. In addition, 
such 3D virtual worlds mirror the collaboration among 
participants and experts when all are physically present, 
potentially enabling usability tests to be conducted more 
effectively when they are located in different places. Virtual 
world applications are relatively new and as a result have 
been the focus of limited research. To address this need, 
this study compared the effectiveness of synchronous 
usability testing in a 3D virtual usability testing lab built 
using the Open Wonderland toolkit with traditional lab 
usability testing and WebEx, one of the commonly used 
tools for remote usability testing. The results of usability 
tests employing the three methodologies were compared 
based on qualitative and quantitative measurement of the 
work performed and feedback from the participants forming 
each team. 

RELATED WORK 
The research conducted by Hammontree et al. [11] on 
interactive prototypes at Sun Microsystems and Hewlett 
Packard is one of earliest studies to analyze the potential of 
remote usability testing. They used window/application 
sharing, an electronic white board, a computer-based video 
conferencing tool and a telephone to support the remote 
usability test. The shared windowing tools and telephone 
supported the remote think-aloud evaluations. The shared 
window facilitated the observation of the user interactions 
remotely. The researchers anticipated an improvement in 
the quality of tools designed to support remote collaborative 
work. 

Remote testing, which facilitates evaluations being done in 
the context of the user’s other tasks and technology can be 
either synchronous or asynchronous [20]. The former 
involves real time one-on-one communication between the 
evaluator and the user, while the latter involves the 
evaluator and user working separately. Synchronous 
usability testing methodologies involve video conferencing 
or employ remote application sharing tools such as WebEx.  
Asynchronous methodologies include automatic collection 
of user’s click streams, user logs of critical incidents that 
occur while interacting with the application and subjective 
feedback on the interface by users. Numerous tools are 
available to address the needs of both these approaches. For 
example Microsoft NetMeeting, WebEx, WebQuilt and 
IBM Lotus Sametime support online screen sharing and 

collaborative capabilities for synchronous remote usability 
evaluation.  

Numerous studies have been conducted comparing the 
effectiveness of synchronous remote usability testing 
methodologies. In an early such study, Hartson et al. [13] 
compared traditional lab usability testing to desktop video 
conferencing using Kodak’s server pages as the interface to 
be tested. In the remote approach, a telephone connection 
was used to facilitate voice communication and subjective 
questionnaires were emailed to the remote users. The 
results of their study suggested that remote evaluation using 
video conferencing is feasible, producing similar results to 
the traditional lab approach.  

Tullis et al. [24] conducted a study in which remote tests 
were conducted at the participant’s work location without 
real-time observation. In the remote approach, an email was 
sent, including a link to the website, explaining the purpose 
of the study. The participants used two windows, the first 
one presenting the task to be performed and the second the 
prototype application to be tested. User actions were 
automatically recorded and analyzed. Users were also 
provided with a subjective questionnaire to rate the 
difficulty of each task. The data analyzed included 
successful task completion rates, task completion times, 
subjective ratings and identified usability issues. The results 
of the study indicated that the task completion time and task 
completion rate from the remote and traditional approaches 
were similar.  

To identify the differences in the qualitative experience 
from the participant’s and facilitator’s perspective, Brush et 
al. [4] compared synchronous remote usability testing with 
conventional in-lab testing using a plug-in for the integrated 
software development environment Eclipse as the interface 
to be tested. The remote method was facilitated using a 
Virtual Network Computing based screen sharing program 
with the audio communication being established through a 
phone connection. The study revealed that there were no 
significant differences in the number of usability issues 
identified, their types and their severities. The participants 
felt that their contributions to the redesign of the interface 
were approximately the same in both conditions.  

Thompson et al. [23] compared a traditional and remote 
approach to identify appropriate tools and methodologies 
for efficient and effective remote testing environments. In 
the remote approach, Microsoft NetMeeting and Snag-it 
were used, with the former providing the screen sharing 
capability and the latter the screen capture capability. A 
speakerphone was used to communicate with the remote 
participants. Both the remote and the traditional lab 
participants were asked to perform the same five search and 
shopping functions. The results suggested that there were 
no significant differences for time on task and number of 
errors. More recently, Andreasen et al. [1] compared the 
synchronous remote testing approach, with the traditional 
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lab approach and concluded that remote synchronous 
method is as effective as the traditional lab method. 

Although the results for the two approaches appear to be 
similar, the disadvantages of remote studies include loss of 
control over the participant’s test environment, limited 
visual feedback, session security issues, ease-of-use issues 
and connection and system performance issues [2]. Dray et 
al. [8], suggest that “building trust with remote evaluations 
can be a real challenge”, especially in international remote 
testing, where the interpersonal dynamics of the evaluation 
must be managed across cultural and linguistic barriers.  

 

HYPOTHESES 
To compare the effectiveness of the online usability testing 
technologies WebEx and a virtual laboratory with 
traditional lab usability testing, the following null research 
hypotheses were tested. 

Hypothesis 1:  
There will be no significant differences in the number and 
severity of usability defects identified in the three 
environments. 

Hypothesis 2: 
There will be no significant differences in the time taken to 
complete usability test tasks in the three environments. 

Hypothesis 3: 
There will be no significant differences in the participants’ 
subjective experience in the three environments. 

Hypothesis 4: 
There will be no significant differences in the preference of 
facilitators for the three usability test methodologies.  
 

The synchronous usability testing process involves 
extensive interaction between the test facilitator and the test 
participant, as the participant performs the test tasks and 
thinks aloud. In the virtual lab, the facilitator and 
participant can see one another’s avatars as they interact 
with the in-world applications, perhaps enhancing their 
sense of interpersonal interaction.  

EXPERIMENTAL SETUP 
 

Participants 
Forty-eight college students familiar with Internet 
applications were recruited. The 12 test facilitators, 10 
males and 2 females between the ages of 24 and 40, were 
required to have taken at least one course in usability while 
the remaining 36, consisting of 22 males and 14 females 
between the ages of 23 and 35, served as usability test 
participants. These 36 were equally divided among the 
three environments, 12 in a traditional lab usability test, 12 
in a remote usability test using WebEx and the remaining 
12 in a remote usability test using a virtual lab. The 12 test 
facilitators were paired with one participant in each of the 
environments. Thus, each test facilitator monitored three 
sessions, one in a traditional lab, one in WebEx and one in a 
virtual lab. 

Testing environments 
The independent variable of this study was the usability test 
methodology, examined at three levels: the traditional 
usability laboratory, the web-based meeting tool WebEx, 
and the virtual usability testing lab. The traditional lab 
usability environment consisted of a participant and a test 
facilitator physically located together in a lab to perform the 
usability test. The traditional lab usability test environment 
included a table, six chairs, one computer, and other 
supplemental materials, such as pens and paper, as shown 
in Figure 1. The WebEx environment provided a web 
browser for the participant and facilitator to share. The 
WebEx setup is shown in Figure 2. Two computers were 
provided, one for the usability test participant and the other 
for the test facilitator. The participant and facilitator were 
physically separated in different rooms. The virtual lab 
environment, which had a similar setup as of WebEx, 
consisted of a virtual usability testing laboratory equipped 
with an integrated web browser that can be shared, as 
shown in Figure 3. Using these tools, the participants and 
facilitators can interact with a web application and record 
their concerns with the design of its interface. In addition, 
the team members can use text and audio chat tools to 
communicate through their avatars. Two computers were 
provided, one for the usability test participant and the other 
for the test facilitator. The participants and facilitators were 
physically separated in different rooms. 

Tasks 
An E-commerce web application modeled after 
Amazon.com was developed with usability flaws 
deliberately embedded. This application was developed 
using php and deployed on an Apache Tomcat web server 
running the Windows XP operating system with a MySQL 
database providing the data tier. All test participants, 
regardless of the test environment, performed the following 
tasks on the website: 

1) Your watch is not working, and you want to buy a new 
Swiss watch. After checking the price, add the watch to 
your cart.  

2) Winter is over, and you heard that there are good deals 
on North Face jackets. Look for a North Face jacket and 
add two to the cart. 

3) One of your friends is a fan of Dan Brown’s novels. Find 
Dan Brown’s latest novel “The Lost Symbol” and add it to 
the cart. 

4) Look in the shopping cart and change the quantity of 
Swiss watches to two. 

5) Check out. 

EXPERIMENTAL DESIGN 
The study used a mixed experimental design, with the test 
facilitators observing the test participants’ interactions with 
the web interface in a within-subjects design and the test 
participants experiencing the test environment in a 
between-subjects design. The experiment was counter-
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balanced, such that two test facilitators conducted the 
usability test session first with the traditional lab method, 
then with WebEx and finally with the virtual lab 
environment and two test facilitators conducted the 
usability test sessions in each of five remaining possible 
orders. 

 

Figure 1. Traditional lab setup 

 

 

Figure 2. WebEx setup 

Procedure 
The facilitators and test participants employed the 
following procedure in all test environments. Initially the 
usability test facilitators were trained to conduct a usability 
test. Steve Krug’s usability test demonstration video [14] 
was used for this purpose, as well as to refresh the 
facilitators’ memories of the material in the usability testing 
class that they had taken.  
At the beginning of each test session, the researcher greeted 
the test facilitator and the participant in a classroom and 

gave them a brief overview of the study. Then, the test 
facilitator was asked to read and sign a consent form and to 
complete a pre-test questionnaire, asking for their basic 
demographic information. 

 

Figure 3. Virtual usability testing environment 

The test participant was also asked to read and sign a 
consent form and to complete a pre-test questionnaire to 
obtain their basic demographic information and their 
experience with relevant Internet technologies. Next, the 
facilitator was provided a list of tasks to be performed, 
including instructions on the tasks the participant would be 
asked to complete while using the web interface.  

The facilitator and participant were then taken to their 
respective usability testing rooms and given a brief training 
session of approximately ten minutes to acquaint them with 
the environment. The test facilitator used Steve Krug’s test 
script [14] and gave the participant a sample task to 
familiarize him/her with the nature of the web application 
to be used during the test session. Next, the facilitator 
interacted with the participant as in a typical usability test 
session, asking him/her to complete the individual tasks. 
The researcher was co-located with the facilitator and 
recorded the time taken for each task using a stop watch. 
During each task, the test participant was asked to detail 
his/her concerns while interacting with the interface in a 
prospective think-aloud session. The researcher recorded 
the concerns raised and Camtasia, the screen capture 
software, was used to record all screen and audio activity.  

Upon completing the final task, the participant and test 
facilitator completed the NASA-TLX workload assessment 
instrument [12] and the presence questionnaire [26]. The 
test participants also completed a post-test subjective 
questionnaire composed of three sections concerning their 
satisfaction with the usability testing methodology. The first 
section assessed the quality of the test environment. The 
user satisfaction portion evaluated perceived ease-of-use 
while performing the tasks, including how comfortable and 
confident participants felt in conducting the usability task 
and detecting the usability defects.  The section on the 
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quality of the collaborative usability test methodology 
assessed the perceived level of presence and co-presence in 
the test environment. The participants ranked each metric 
using a 7-point Likert scale, ranging from 1 (Strongly 
Disagree) to 7 (Strongly Agree). The questionnaire also 
contained a section for written comments. Upon completion 
of this questionnaire, the participants were de-briefed by the 
researcher. The time taken for each session was 
approximately one hour. Once the test facilitators 
completed the three sessions in the three environments, they 
completed a post-test questionnaire assessing their 
satisfaction with the three usability testing methodologies 
and they were de-briefed. 

Separately, a heuristic evaluation was individually 
conducted by three people who had experience conducting 
usability evaluations. During this analysis, the severities of 
the problems were also rated. Nielsen’s severity rating scale 
[16] was used as the basis for this rating. This scale ranges 
from 0 to 4, with 4 indicating a catastrophic defect.  

Dependent variables 

The three usability test methodologies were compared using 
objective and subjective measures. The objective measures 
consisted of the task completion time, the number of defects 
identified and the defects’ severity. The subjective 
measures consisted of the subjective data from the NASA-
TLX, presence and the post-test questionnaires completed 
by both the test participants and test facilitators. The data 
for the number of defects identified were obtained from the 
observations of the usability test facilitator and analysis of 
the video recording of the test session. The severity of each 
defect was obtained from the heuristic evaluation data 
provided by the usability experts.  

The data collected were classified into two sets: 

1. Dataset of test participants, which consisted of 36 
datasets, 12 for each condition. 

2. Dataset of test facilitators, which consisted of 12 
datasets, each across all the three conditions. 

The evaluation of each dataset was conducted by 
performing a thorough walkthrough of the videos and 
analyzing the NASA-TLX, the presence and the post-test 
subjective questionnaires. The usability test facilitator 
datasets were analyzed based on the data from the post-test 
questionnaires.  

SPSS 17.0 was used to analyze the data. Initially, a 
normality test was conducted to determine whether the data 
followed a normal distribution. All of the data satisfied this 
test. The data were then analyzed using a one-way ANOVA 
with a 95% confidence interval to determine the presence of 
significant differences, if any, among the test environments. 
If the null hypothesis of an ANOVA was rejected, the 
results were then subjected to a post-hoc least significant 
difference (LSD) test to determine the locus of the 
significant differences. 

RESULTS 
In this section, the three usability testing environments are 
compared with respect to the time taken to complete the 
tasks; the usability issues identified; the severity of these 
usability issues; and the subjective ratings from the NASA-
TLX, the presence and post-test subjective questionnaires. 
 

Objective Measures 
Time taken to complete the task. The time taken to 
complete the task was measured from the time the task was 
given to the participants to the time they completed it. 
 

  
Figure 4. Mean time taken to complete the tasks (in minutes) 

The effect of the usability test environment on the task 
completion time was not significant. The mean task 
completion times for the five tasks are presented in Figure 
4. 

 

Figure 5. Problems identified in each condition 
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Number of usability problems identified. The mean numbers 
of usability problems identified are presented in Figure 5. 
The effect of usability test environment on the total number 
of usability problems identified was not significant, F (2, 
33) = 1.406, p=0.260. The effects of test environment on 
the number of Severity 1, 3 and 4 problems identified were 
also not significant. 

Severity 2 defects identified. The effect of test environment 
on the number of Severity 2 problems identified was 
significant, F (2, 33) = 3.222, p=0.050. Subsequent post-
hoc analysis reveals that there is a significant difference in 
the number of Severity 2 problems identified for the 
traditional lab and virtual lab conditions (p = 0.018). A 
larger number of severity 2 problems were identified in the 
virtual lab condition than in the traditional lab condition. 

Test participants’ experience 
Total Workload. The effect of test environment was 
significant, F (2, 33) = 4.00, p=0.028. Subsequent post-hoc 
analysis reveals that the total workload experienced in the 
traditional lab testing environment is lower than that 
experienced in the WebEx (p = 0.010) and virtual lab (p = 
0.055) conditions, as shown in Figure 6. 
 
 

 
 

Figure 6. NASA-TLX workload indices for the test 
participants 

Performance. The effect of test environment on the 
performance component of workload was significant, F 
(2,33) = 4.317, p=0.022. Subsequent post-hoc analysis 
reveals that the workload associated with the performance 
of the task was higher in the WebEx test environment than 
in either the traditional lab (p=0.010) or the virtual lab 
(p=0.028) test environments. 

Frustration: The effect of test environment on frustration 
level approached significance, F (2,33) = 2.557, p=0.093.  
Subsequent post-hoc analysis suggests that this effect is due 
to differences between the traditional lab testing and virtual 
lab testing environments (p = 0.035). These results suggest 
that frustration was lower for the traditional lab condition 
than for the virtual lab condition. 

 No significant differences were observed for the NASA-
TLX subscales of mental demand, physical demand, 
temporal demand and effort. 

Presence Questionnaire: 
The effectiveness of a virtual environment is to some extent 
dependent on the sense of presence experienced by its users 
[26]. The presence questionnaire categorized the overall 
usability testing experience into subscales of involvement, 
sensory fidelity, adaption/ immersion and interface quality. 
 

 

Figure 7. Presence metrics for the test participants 

Involvement. The effect of test environment on involvement 
was significant, F (2, 33) = 4.529, p = 0.018. Subsequent 
post-hoc analysis reveals that there is a significant 
difference between the WebEx and virtual lab testing 
conditions (p = 0.005). Test participants experienced a 
lower level of involvement in the WebEx condition than in 
the virtual lab condition, as shown in Figure 7. 

Adaption/Immersion. The effect of test environment on 
adaption/immersion was significant, F (2,33) = 4.145 
p=0.025. Subsequent post-hoc analysis reveals that there is 
a significant difference in adaption/immersion for the 
WebEx and virtual lab (p=0.007) testing conditions. 
Participants achieved a higher level of immersion in the 
virtual lab environment than in the WebEx environment. 

The subscales of sensory fidelity and interface quality did 
not show any significant differences. 

Subjective rating. 
 

The subjective rating questionnaire totaled 15 questions, 4 
asking about the naturalness of the environment, 5 asking 
about the satisfaction with and ease-of-use of the usability 
testing methodology and 6 questions on the quality of the 
usability test methodology. The mean value was calculated 
for each of these categories. 

User satisfaction and ease-of-use: The effect of the test 
environment on user satisfaction and ease-of-use was 
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significant, F (2,33) = 3.715 p=0.035, as shown in Figure 8. 
Subsequent post-hoc analysis revealed that the traditional 
lab test environment scored higher in user satisfaction and 
ease-of-use than the WebEx (p=0.044) and virtual lab 
(p=0.015) test environments.  

 

Figure 8. Subjective ratings by the test participants 

The scales of naturalness of environment and quality of 
usability testing methodology did not show any significant 
differences. 

Test facilitator’s experience 
Workload: The effect of test environment on the total 
workload experienced by the test facilitator was significant, 
Wilks’ Lambda =0.461, F (2, 10) = 5.843, p=0.021, as 
shown in Figure 9. Subsequent post-hoc analysis reveals 
that the total workload experienced in the traditional lab 
condition is lower than that experienced in the WebEx 
(p=0.015) and virtual lab conditions (p=0.007). 
Physical Demand: The effect of test environment on 
physical demand placed on the test facilitator was 
significant, Wilks’ Lambda =0.485, F (2, 10) = 5.306, 
p=0.027. Subsequent post-hoc analysis reveals that the 
physical demand experienced in the traditional lab testing 
environment is lower than that experienced in the WebEx 
(p=0.008) and virtual lab (p = 0.023) conditions. 

Effort: The effect of test environment on the effort exerted 
by the test facilitator was significant, Wilks’ Lambda 
=0.445, F (2, 10) = 6.241, p=0.017. Subsequent post-hoc 
analysis reveals that facilitators exerted less effort in 
traditional lab testing environment than in the WebEx 
(p=0.026) and virtual lab conditions (p=0.050). 

Frustration: The effect of test environment on the frustration 
experienced by the test facilitator was significant, Wilks’ 
Lambda =0.429, F (2, 10) = 6.6, p=0.014. Subsequent post-
hoc analysis reveals that facilitators experienced less 
frustration in the traditional lab testing environment than in 
the WebEx (p=0.035) and virtual lab (p=0.003) conditions. 

 

Figure 9. NASA-TLX workload indices for the test facilitators 

The NASA-TLX subscales of mental demand, temporal 
demand and performance did not show any significant 
effects for the test facilitators. 

Presence Questionnaire 
Involvement. The effect of test environment on involvement 
of the test facilitators was significant, Wilks’ Lambda 
=0.213, F (2, 10) = 18.468, p=0.000, as shown in Figure 10. 
Subsequent post-hoc analysis reveals that facilitators 
experienced a lower level of involvement in the WebEx 
condition than they did in the traditional lab (p=0.004) and 
the virtual lab (p=0.000) testing environments. 

 

Figure 10. Presence metrics for the usability test facilitators. 

Sensory Fidelity. There was a significant effect of test 
environment on the sensory fidelity experienced by the test 
facilitators, Wilks’ Lambda =0.155, F (2, 10) = 27.194, 
p=0.000 as shown in Figure 10. Subsequent post-hoc 
analysis suggests that the experience of sensory fidelity was 
lower for the WebEx condition than it was for the virtual 
lab (p=0.000) condition. 

The subscales of immersion and interface quality did not 
show any significant effects for the test facilitators. 
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Subjective Questionnaire 
Ease of use:  The effect of usability test environment on 
ease of use for the test facilitators was significant, Wilks’ 
Lambda =0.162, F (2, 10) = 25.78, p=0.000, as shown in 
Figure 11. Subsequent post-hoc analysis reveals that 
facilitators found the traditional lab test environment easier 
to use than the WebEx (p =0.006) and the virtual lab (p= 
0.001) environments. 

 

Figure 11. Subjective metrics for the usability test facilitators. 

A strong sense of presence with the test participant: The 
effect of usability test environment on the facilitators’ sense 
of presence with the test participant was significant, Wilks’ 
Lambda =0.178, F (2, 10) = 23.10, p=0.000. Subsequent 
post-hoc analysis reveals that the facilitators’ sense of 
presence with the test participant was higher in the 
traditional lab than in the WebEx (p=0.000) environment.  

Ability to analyze user interaction with the web interface. 
The effect of usability test environment on the facilitators’ 
ability to analyze user interaction with the web interface 
was significant, Wilks’ Lambda =0.221, F (2, 10) = 17.66, 
p=0.001. Subsequent post-hoc analysis reveals that 
facilitators felt they were best able to analyze user 
interaction with the interface in the traditional lab 
environment. They felt that they were least able to analyze 
user interaction with web interface in the virtual lab 
environment. The WebEx environment was rated more 
highly on this metric than the virtual lab environment, but 
less highly than the traditional lab environment. 

No significant effect was observed for the scales of 
communicability, confidence, efficiency, comfort level and 
approach likeability. 

DISCUSSION 
One of the initial research questions was to identify whether 
there were any objective differences in the effectiveness of 
the three evaluation approaches, the traditional lab 
approach, the WebEx approach, and the virtual lab 
approach, in collecting usability data. Though no significant 
differences were identified for the time taken to complete 
the tasks, the mean time for the first three tasks was slightly 
higher in the virtual lab condition, perhaps because of the 
learning process the participants experienced as they began 

working with this novel environment. No differences were 
identified for the total number of defects identified and the 
number of Severity 3 and Severity 4 defects identified 
across the three environments. These results are consistent 
with those of Hartson et al. [13] for the conduct of a 
synchronous usability test in different settings. Similarly, 
the studies conducted by Brush et al. [4] found no 
significant differences between the traditional lab condition 
and the remote synchronous testing condition in terms of 
the number, types and severities of usability problems.  

The effect of test environment on the number of Severity 2 
defects was significant. More Severity 2 defects were 
identified in the virtual lab condition than in the traditional 
lab condition. It is not clear why the participants in the 
virtual lab condition identified more minor usability defects 
than the participants in the other conditions. Perhaps the 
novelty of the virtual lab condition increased the motivation 
of the participants to detect and mention even minor 
usability issues.  

Significant differences in total perceived workload were 
observed for the three conditions. The NASA-TLX scales, 
used to determine the total perceived workload, indicate 
that the participants experienced the least workload in the 
traditional lab condition. This result could have been due to 
the co-location of the test facilitator with the test participant 
during the preparatory stages as well as during the test. In 
the WebEx-based approach, test participants experienced 
some difficulty during the preparatory session figuring out 
how to operate the system. In addition, there was a time 
delay while the remote session loaded. Though this delay 
was short, participants complained that they did not know 
what was happening other than that there was a message 
displayed explaining that the session was loading. For the 
virtual lab-based testing, participants clicked on a button to 
launch the session and soon were transitioned to the virtual 
world. For both of the remote testing environments, the 
participants were required to perform a series of button 
clicks on an interface supporting the remote infrastructure 
to begin the session.   

Significant differences were also found for the performance 
and frustration subscales of the NASA-TLX. The test 
participants felt their performance was poorer in the WebEx 
environment than in the traditional lab and virtual lab 
environments. They experienced more frustration with the 
virtual lab environment than with the traditional lab 
environment. The participants using the virtual lab 
environment appeared to be frustrated primarily by its slow 
response to the inputs of the test participants and test 
facilitators. Nonetheless, a number of test participants using 
the virtual lab environment commented that they enjoyed 
moving around inside the virtual usability testing laboratory 
and interacting with the shared web browser using their 
avatars.  

The NASA-TLX workload indices suggest that the total 
workload experienced by test facilitators was also lower in 

CHI 2011 • Session: New Approaches to Usability May 7–12, 2011 • Vancouver, BC, Canada

2232



 

the traditional lab environment than in the two remote 
testing environments. Significant differences were also 
observed for physical demand, effort and frustration 
subscales. Test facilitators felt that physical demands, 
effort, and frustration were higher for the two remote 
testing environments than for the traditional lab 
environment. This may be due to the lower initial setup 
required for the traditional lab condition. It took time for 
the test facilitators to become acquainted with the remote 
testing environments. In addition, the high level of physical 
demand in the WebEx and virtual lab conditions might also 
be due to the higher level of interaction with the computer 
required in these environments during the study. The 
relatively slow response times of the web browser to user 
inputs in the remote testing environments may also have led 
to increased levels of frustration for the test facilitators. 

For the test participants, significant differences were 
observed for involvement and immersion on the presence 
questionnaire. Involvement was higher in the virtual lab 
environment than in the WebEx environment. For the test 
facilitators, involvement was higher in the virtual lab and 
traditional lab conditions than in the WebEx condition. The 
level of immersion experienced by the participants was also 
higher in the virtual lab condition than in the WebEx 
condition. These results may be due to the multisensory 
immersive experience provided by the three-dimensional 
virtual lab as well as its use of avatars to represent the test 
participant and facilitator.  

The subjective ratings provided by the test participants in 
the final subjective rating questionnaire revealed significant 
differences in terms of user satisfaction and ease of use. 
User satisfaction and ease of use were higher for the 
traditional lab methodology than for the remote testing 
environments. The test facilitators also rated the ease of use 
of the traditional lab environment higher than that of the 
remote test environments. Interestingly, however, some of 
the test participants in the traditional lab environment 
commented that they felt some pressure to avoid making 
mistakes while being observed by a test facilitator. None of 
the participants in the remote testing environments 
expressed this concern.  

Test facilitators felt that they were best able to analyze the 
user’s interaction with the web interface in the traditional 
lab environment. They felt they were least able to analyze 
the user’s interaction in the virtual lab environment. This 
may be the result of a deficiency in our implementation of 
the virtual lab using the Open Wonderland toolkit. Mouse 
movements made by the test participant within a browser 
were not visible to the test facilitator in the virtual lab 
environment. 

One of the challenges of remote usability testing is the 
recruitment of security-conscious participants. These 
participants, or the organizations employing them, may 
consider allowing others to access their computers to be a 
security risk [25]. Remote testing using a virtual lab 

requires only that participants interact with their web 
browser. The test facilitator cannot view any information on 
their computers that is not displayed within the browser. 
WebEx addresses this concern by allowing its users to 
selectively share applications on their computers. Another 
difficulty encountered in remote usability testing is the need 
to install a client application to enable screen sharing and 
chat functionalities [25]. WebEx requires that users install 
either an ActiveX control or a Java applet on the computer 
at each end of the conference to enable screen sharing. The 
virtual lab methodology relies on Java applets to achieve 
these functionalities. As a result, there is no need for the 
users to install a program to enable these functionalities. In 
addition, remote usability testing with the virtual lab and 
WebEx retains the inherent advantages of synchronous 
remote usability testing, including significant savings in 
travel time and cost, reduced turn-around time for user-
centered iterative product development, recruitment of 
geographically dispersed participants and the ability for 
geographically distributed product development teams to 
participate in a real time study.   

CONCLUSION 
This study proposed a new methodology for conducting a 
synchronous remote usability test using a three-dimensional 
virtual world, and empirically compared it with WebEx, a 
web-based two-dimensional screen sharing and 
conferencing tool, and the traditional lab method. One of 
the most important findings of this study is that the virtual 
lab method is as effective as the traditional lab and WebEx-
based methods in terms of the time taken by the test 
participants to complete the tasks and the number of higher 
severity defects identified. Interestingly, participants 
appeared to identify a slightly larger number of lower 
severity defects in the virtual lab environment than in the 
traditional lab and WebEx environments.  

Test participants and facilitators alike experienced lower 
overall workload in the traditional lab environment than in 
either of the remote testing environments. Both the test 
participants and test facilitators experienced a higher level 
of involvement in the virtual lab condition than in WebEx 
condition. Moreover, this method supports recruitment of 
geographically distributed, diverse participants who can 
remain in their native work environments.  Given that it 
generates usability test results comparable to those of 
traditional lab testing, remote usability testing in virtual 
world appears to be a viable alternative to the conventional 
lab testing approach. The primary disadvantage of testing in 
the virtual lab environment was the delay the participants 
experienced while interacting with the interface. The 
significance of this study is that the synchronous remote 
usability testing using virtual lab provides similar results as 
of the traditional lab method and in some respects it works 
better than the conventional approaches. 

ACKNOWLEDGEMENT 
Thanks to Nicole Yankelovich and Jordan M. Slott for the 
advice and helpful comments. 

CHI 2011 • Session: New Approaches to Usability May 7–12, 2011 • Vancouver, BC, Canada

2233



 

REFERENCES  
1. Andreasen, M. S., Nielsen, H. V., Schroder, S. O. and 

Stage, J. What happened to remote usability testing? : 
An empirical study of three methods. In CHI '07: 
Proceedings of the SIGCHI conference on Human 
factors in computing systems. (San Jose, California, 
USA). ACM, New York, NY, USA, 2007, 1405-1414. 
 

2. Bartek, V. and Cheatham, D. Experience remote 
usability testing, Part 2, http://www-
106.ibm.com/developerworks/web/library/warmusts2.h
tml. 

 

3. Bias, R. Interface-walkthroughs: Efficient collaborative 
testing. Software, IEEE, 8, 5; (1991), 94-95.  

4. Brush, A. J. B., Ames, M. and Davis, J. A comparison 
of synchronous remote and local usability studies for 
an expert interface. In CHI '04: CHI '04 extended 
abstracts on Human factors in computing systems. 
(Vienna, Austria). ACM, New York, NY, USA, 2004, 
1179-1182.  

5. Card K, S., Moran P, T. and Newell, A. The 
Psychology of Human-Computer Interaction. CRC, 
1986.  
 

6. Chin, J. P., Diehl, V. A. and Norman, K. L. 
Development of an instrument measuring user 
satisfaction of the human-computer interface. In CHI 
'88: Proceedings of the SIGCHI conference on Human 
factors in computing systems. (Washington, D.C., 
United States). ACM, New York, NY, USA, 1988, 
213-218.  

 

7. del Galdo, E. M., Williges, R. C., Williges, B. H. and 
Wixon, D. R. An Evaluation of Critical Incidents for 
Software Documentation Design. Human Factors and 
Ergonomics Society Annual Meeting Proceedings, 
30(1986), 19-23(5).  

 

8. Dray, S. and Siegel, D. Remote possibilities?: 
International usability testing at a distance. 
interactions, 11, 2 ( 2004), 10-17.  

 

9. Erbe, H. -H. and Müller, D. Distributed Work 
Environments for Collaborative Engineering. 
Information Technology For Balanced Manufacturing 
Systems, ( 2006), 131-140.  

 

10. Ericsson, K. A. and Simon, H. A. Protocol Analysis: 
Verbal Reports As Data, The MIT Press, Cambridge, 
MA, 1985.  

 

11. Hammontree, M., Weiler, P. and Nayak, N. Remote 
usability testing. interactions, 1, 3 ( 1994), 21-25.  

 

12. Hart, S. G. and Stavenland, L. E. Development of 
NASA-TLX (Task Load Index): Results of empirical 
and theoretical research. In Hancock, P. A. and 
Meshkati, N. eds.Human Mental Workload. Elsevier, 
1988, 139-183.  

 

13. Hartson, H. R., Castillo, J., C., Kelso, J. and Neale, W. 
C. Remote evaluation: The network as an extension of 
the usability laboratory. (1996), 228-235.  

14. Krug, S. Rocket Surgery Made Easy: The Do-It-
Yourself Guide to Finding and Fixing Usability 
Problems. New Riders Publishing, Thousand Oaks, 
CA, USA, 2009.   
 

15. Lewis, C., Polson, P. G., Wharton, C. and Rieman, J. 
Testing a walkthrough methodology for theory-based 
design of walk-up-and-use interfaces. (1990), 235-242.  

 

16. Nielsen, J. Severity Ratings for Usability Problems. 
http://www.useit.com/papers/heuristic/severityrating.ht
ml (2007).  

 

17. Nielsen, J. Usability inspection methods. (1994), 377-
378.  

 

18. Nielsen, J. and Mack, R. L. Usability inspection 
methods. John Wiley & Sons, Inc, New York, NY, 
USA, 1994.  

19. Nielsen, J. and Molich, R. Heuristic evaluation of user 
interfaces. In CHI '90: Proceedings of the SIGCHI 
conference on Human factors in computing systems. 
(Seattle, Washington, United States, ). ACM, New 
York, NY, USA, 1990, 249-256.  

20. Scholtz, J. Adaptation of Traditional Usability Testing 
Methods for Remote Testing, Proceedings of the 34th 
Annual Hawaii International Conference on System 
Sciences (HICSS-34)-Volume 5, 2001.  

21. Sears, A. and Jacko, J. A. The Human-Computer 
Interaction Handbook: Fundamentals, Evolving 
Technologies and Emerging Applications, Second 
Edition (Human Factors and Ergonomics). CRC,1997. 

22. Shneiderman, B. Software psychology: Human factors 
in computer and information systems. Winthrop 
Publishers, Cambridge, MA, 1980.  

23. Thompson, K. E., Rozanski, E. P. and Haake, A. R. 
Here, there, anywhere: Remote usability testing that 
works. In CITC5 '04: Proceedings of the 5th 
conference on Information technology education. (Salt 
Lake City, UT, USA). ACM, New York, NY, USA, 
2004, 132-137.  

24. Tullis, T., Fleischman, S., McNulty, M., Cianchette, C. 
and Bergel, M. An Empirical Comparison of Lab and 
Remote Usability Testing of Web Sites. In Usability 
Professionals Association Conference. (Florida, 
USA),2002 

25. Vasnaik, O. and Longoria, R. Bridging the Gap with a 
Remote User. In Usability Professional Association. 
(Colorado, USA). , 2006.  

26. Witmer, B. G. and Singer, M. J. Measuring Presence in 
Virtual Environments: A Presence Questionnaire. 
Presence: Teleoperators and Virtual 
Environments,7,3(1998), 225-240.  

 

 

CHI 2011 • Session: New Approaches to Usability May 7–12, 2011 • Vancouver, BC, Canada

2234



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




