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Abstract. There are benefits for social and behavioral researchers to conduct
studies in online virtual worlds. However, typically learning scripting takes ad-
ditional time or money to hire a consultant. We propose a prototype Virtual
World Toolkit for to help researchers design, set up, and run experiments in
Virtual Worlds, with little coding or scripting experience needed. We explored
three types of prototype designs, focused on a traditional interface with pilot re-
sults. We also present results of initial expert user study of our toolkit to deter-
mine the learnability, usability, and feasibility of our toolkit to conduct experi-
ments. Results suggest that our toolkit requires little training and sufficient ca-
pabilities for a basic experiment. The toolkit received a great feedback from a
number of expert users who thought that it is a promising first version that lays
the foundation to more future improvements. This toolkit prototype contributes
to enhancing researchers’ capabilities in conducting social/behavioral studies in
virtual worlds and hopefully will empower social and behavioral researchers by
proving a toolkit prototype that requires less time, efforts and costs to setup
stimulus responses types of human subject studies in virtual worlds.
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1 Introduction and Motivation

Online Virtual Worlds, such as second life and 3rd Rock Grid (3RG), have been
widely used for educational and entertainment purposes [2,7,9,12]. Recently, these
environments have also been sufficiently used as platforms to conduct studies and
experiments in various fields [3,5,10]. Virtual Worlds have economic and political
systems that provide interesting social dynamics that have been studied by researchers
in social and behavioral sciences, yet not fully explored. Due to the computational
nature of these virtual worlds, they lends themselves to be used as virtual laboratories
for conducting human subjects experiments in the social and behavioral sciences,
typically found in fields such as Sociology and Psychology, since many of the
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environmental and social variables can be controlled, and automated data collection
tools can be included. Over the years, social and behavioral researchers have shown
great interest in using Virtual Worlds as platforms for conducting their studies
[3,5,8,10]. Psychologists have expressed that virtual worlds increase participants’
“engagement” and their reactions, therefore may increase the reliability and effects of
the experiments on the participants [3]. Furthermore, virtual worlds may minimize the
“lack of replication” and ‘“sampling problems” found in traditional laboratories
[2,7,10,13]. However, in previous studies conducted in Virtual Worlds, scientists had
to either learn the scripting skills to set up an experiment or collaborate with other
professionals, which may be time consuming and costly. The objective of this re-
search is to design a method to empower researchers to be able to set up and conduct
experiments in Virtual Worlds without needing to learn scripting and depend on other
professionals. The goal of this research was to use virtual worlds as an alternative
platform to design and conduct standard social and behavioral science experiments.

We designed and developed all the components needed to conduct an experiment
in a Virtual World that involved a simple task, mixed design of between and within
subject conditions, a controlled virtual character involved in the experiment, and mul-
tiple data types collected. Additionally we interviewed several social and behavioral
science researchers to learn about their experimental goals and limitations. As a re-
sult, we propose a prototype Virtual World Toolkit for researchers to use to help de-
sign, set up, and run experiments in Virtual Worlds, with little coding or scripting
experience needed. We explored three types of prototype designs: one visual with
drag and drop features, one conversational where a virtual human discusses the expe-
rimental study and then implements it, and the third a more traditional button-like
interface. Our hypothesis was that our toolkit is easy to use, has sufficient capabilities
to set up and conduct a basic human subject experiment, and requires little training
and less time, as opposed to learning scripting skills, to get started. We also hypothe-
sized that our toolkit will receive positive attitude ratings similar or better than the
other toolkits that the researchers currently use to conduct their studies.

2 Background and Related Work

There have been a number of studies conducted in Second Life virtual world to eva-
luate the effects of the presence of virtual characters on task performance. In real
world social and behavioral studies, there is a theory that refers to the effects of pres-
ence of others (real humans) during task performance called social facilita-
tion/inhibition [4,8,14]. This theory states that the presence of others affects the
performance of novel tasks more than the performance of learned tasks [4,8,14].
Participants perform better on learned tasks and worse on novel tasks. A number of
studies were conducted in virtual environments (including online virtual worlds such
as Second Life) and aimed to study the social facilitation/inhibition with the use of
virtual humans as the audience while real participants perform different levels of tasks
[4,8,13,14]. Hayes conducted a study to evaluate the social facilitation/inhibition
effects among simple and complex tasks [8]. This study found that the social
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facilitation/inhibition theory applies to virtual worlds where the results showed that
the participants were affected by the presence of the virtual observers (male or fe-
male) during the performance of the complex tasks. Yee conducted another study to
evaluate the effects of the avatar's gender, distance and eye-gaze on the social beha-
viors between avatars in virtual environments [11]. The results of this study showed
that male avatars tend to keep a larger personal distance and less eye contact with
other male avatars, while female avatars keep a smaller personal distance with other
female avatars and more eye contact. Antonio investigated the connection between
avatar's behaviors with one another in virtual worlds like eye contact, conversations
and the application of "clustering techniques" [1]. The results were applied to real life
relationships between teachers and students by better understanding the social beha-
viors of students in class. The data collected from the study showed that some stu-
dents were paying attention, especially with eye contact, to lecture while others did
not.

3 Preliminary Research: Exploring Components Needed to
Conduct Social and Behavioral Studies in Virtual Worlds

For our preliminary research, we determined the necessary components to conduct a
simple stimulus-response human-subjects studies. We designed the toolkit to allow
for flexible options for experiments to identify independent variables, such as the
between and within subject conditions, and dependent variables, such as the auto-
mated data collected, trials, orders and animations, for automated virtual character
control. The toolkit takes advantage of the scripting capabilities of the virtual world,
yet abstracts that from the researchers by presenting buttons and menus to interact
with rather than scripting the components. We developed the toolkit on a 3D Rock
Grid leased island (3RG). Our prototype was based on a social-facilitation study with
virtual human audience types. Researchers can use and interact with the toolkit using
an avatar, or a computer generated character controlled by a human. The capabilities
are:

e Number of conditions: Consists of an empty edit field where the number of condi-
tions is entered using the keyboard.

e Manipulation of conditions: Select one of two options to manipulate the study con-
ditions (within subjects, between subjects) by clicking on an option.

e Observer Avatar: Consist of three options as they relate to between subjects condi-
tions. This data will be sent to the data collection note card for reference.

e Participant Avatar: Consist of two options: Male and Female. This data will be sent
to the data collection note card for reference as they relate to the experimental par-
ticipant that will take part in the study when researchers set up their experiments.

e Number of trials: Number of trials is entered using the keyboard.

e Order of trials: Select one of three options that represent the order in which the
trials are presented in (randomize, Specific order, Balanced Latin squares) by
clicking on an option using the left mouse button.



42 L. Jaff, A. Hayes, and A.U. Banic

e Response time: Includes three options to select how to record the response time
(per block, per trial and per condition) by clicking on an option.

e Completion time: Includes three options to select how to record the completion
time (per block, per trial and per condition) by clicking on an option.

e Task accuracy: Defines how to measure accuracy of the tasks using the keyboard.

e Task errors: Defines what the errors of the tasks are using the keyboard.

e Input Method: What is used as an input method to respond to the tasks? Keyboard
is the only input method provided for the toolkit.

e Task output: What is used as the output stimuli (to provide feedback for the user's
responses)? Two options are provided: Textures and Play sound.

e Start: This is the last button to press in order to start the study after setting up the
above components by clicking on this button using the left mouse button.

e Avatar Appearance: Provides four common and required appearances to conduct
studies in virtual worlds: professional, casual, hot-trendy looks and bold (rock and
roll) looks. For each of these appearances, we provided different body shapes (tall,
short, skinny, muscular), skin colors (white,dark,tan,male base), eye colors
(green,blue,brown,grey) and hair styles including bald.

e Avatar Gestures: Provides 10 common gestures for the observer avatar that ob-
serves the participant's avatar during task performance. These gestures include sad,
angry, impatient, embarrassed, laugh, unhappy, wave, worried, cough and bored.

e A task display board: This board displays the tasks of the set up study for the par-
ticipant after pressing the "Start" button by the researcher.

[t o]
Setup the components [ nsesns | e |

Manipuiation o Condtiors | Number of Conditons of the study then press

the ‘Start’ button to

Set up the components begi he tasks
of the study then press =

i
the ‘Start’ button to
begin the tasks

Fig. 1. Example of the prototype interface for parts of the toolkit in the Virtual World

4 Experimental Design

4.1 Physical and Virtual Environments

All participants completed experimental tasks and questionnaire in a physical testing
room at L41 lab of the Engineering building at the University of Wyoming. We used
an Intel Core 2, 2.66 GHz, 2 GHz RAM Dell PC with an ATI Radeon HD 160 graph-
ics card attached to a 20 inch at screen monitor to display the virtual world. In addi-
tion, we used a different PC (Intel Core (TM) 2.80 GHz, 2 GHz RAM Dell PC with
an NVIDIA Quadro FX 580 graphic card attached to a 20 inch at screen) for complet-
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ing the questionnaires. Zen Viewer version 3.4.1 was used to view the 3RG virtual
world. The participants were given a gender-appropriate avatar to control and interact
with our toolkit. Our toolkit was created in a 3RG leased island. It consists of a col-
lection of objects integrated together and scripted using Linden scripting language
(LSL). A gender appropriate avatar (called the observer avatar) was given to the par-
ticipant to use to setup studies using the toolkit. Another avatar was given to the par-
ticipants (called the experimental avatar) and the gender was varied for this avatar.
The experimental avatar was used to play the role of an experimental participant and
perform that tasks of the studies set up in tasks A and C.

4.2  Experimental Tasks
Our experiment consisted of three tasks that were manipulated within subjects.

Task A. We asked the participants to set up the components of a specific stimulus-
response type of study. We were assessing usability in this task. The participants were
given specific math task components and were asked to set up the study using our
toolkit without training learnability. For this task, we recorded the order in which the
participants set up the study components as well as the number of presses used. After
completing the tasks of this study, we showed the participant how to access and view
the data collected from the study.

Task B. Participants created gestures and adjusted appearance for an avatar. The first
level of task B included using our toolkit without training to modify the avatar's ap-
pearances according to specific criterion (color of skin, color of eyes, body type and
outfit) that were varied for each participant. This task also included creating two dif-
ferent gestures for that avatar. For the second level of task B, we gave the participant
10 minutes and asked them to figure out how to change the appearance of the avatar
into a specific appearance (specific color of skin, color of eyes, body type and outfit)
without using the toolkit. Afterwards we gave the participant another 10 minutes to
create two specific gestures for that avatar without using the toolkit as well.

Task C. We asked the participants to set up a study of their own using the toolkit
after giving them a short training on how to upload their own tasks into the toolkit.
We were assessing our toolkit's capabilities and usability to set up stimulus/responses
types of studies in this task. We had asked each participant to prepare and bring at
most five files (due to time constrains) of basic stimulus responses type of study that
they have conducted or familiar with in JPEG format to complete this task. We gave
the participants a short training session on how to upload these tasks into the toolkit
then asked them to set up the components of that study.

4.3  Experimental Measures and Procedure

Pre-experimental questionnaires collected demographic data (gender, age, ethnicity,
computer and virtual worlds use level) and experimental background data. We asked
participants to rate the usability and user experience criterion of the toolkits that they
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previously or currently use to conduct human subject studies and were assessed on a
7-point numerical scale (1=Not at all to 7= a great deal). The learnability question-
naire was given to the participants after completing task A. We also asked participants
to complete a questionnaire asking them questions about their attitude and opinions
towards other tookits (after task B, part 1) and towards our toolkit (after task B, part
2). We assessed the attitude responses on a 5-point Likert scale (1=strongly agree,
S=strongly disagree). Item responses on a final questionnaire (after task C) were used
to determine whether our toolkit has sufficient capabilities to perform appearance
modification and create gestures for the avatar in an easier, less time consuming me-
thod as appose to the traditional methods in these environments. This questionnaire
collected responses on a 7-point numerical scale (I=Not at all to 7= a great deal). We
also asked open-ended questions about the toolkit and recommendations. Partici-
pants also completed a post-experimental co-presence questionnaire, which refers to
the extent the participants felt they were inside the virtual world and interacting with
the avatars, on a 7 point numerical scale.

Prior to the experiment, we gained consent from each participant and asked them to
complete the pre-experimental questionnaire. Participants were given brief training on
how to use the avatar to move and interact with objects. After, we provided the list of
components of the sample experiment and asked the participant to set it up using the
toolkit. After completing task A, the participants completed the learnability question-
naire then proceeded to task B. The participants were asked to perform specific mod-
ifications on the observer avatar's appearance as well as creating gestures for it, then
completed questions about the toolkit. For the second level of task B, the same ob-
server avatar is used by the participants to modify its appearance, create a gesture for
it without using the toolkit, and answer questions about the toolkit. The order of the
task B parts was balanced. After completing all three tasks, the participants were in-
structed to move to complete the co-presence, usability and user experience question-
naires. Finally, the participants were debriefed and thanked for participation.

5 Evaluation Results

Mean (M) and standard deviation (SD) of learnability, usability and user experience
percentages were computed by averaging across grouped questions for each partici-
pant in the pre and post experimental questionnaires. Order and number of presses of
each button were computed by summing each item in the observer check sheet which
is a list of observations while participation sheet that was used to record the quantita-
tive data represented in the order and times each button in the toolkit was pressed. A
paired samples (t-test) was conducted to test difference of means in comparing our
toolkit against other applications used for conducting human subject studies and usa-
bility for virtual character control, where p= 0.05 was used to indicate significance.
There were 6 expert participants, Faculty, PhD. and master students who conduct
subject studies in the Psychology and computer science departments (however, not
familiar with virtual worlds), males and females, and from the University of
Wyoming. The mean age for the participants was 29.5, SD = 4.1 and they were ran-
domly assigned a gender appropriate avatar.
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5.1 Sufficient Capabilities

Our participants found that the toolkit meets the needs to set up standard stimulus
responses types of studies, where (M = 5.3 , SD = 1.3) on a scale of 1-7. Results
showed that the toolkit was rated as sufficient and high to set up stimulus responses
types of studies, where (M = 6.5, SD = 0 .54). We asked the participants to write
down the capabilities that our toolkit provides to set up and conduct stimulus response
type of human subject studies in the post experimental questionnaire. These capabili-
ties include in allowing as many conditions as necessary, allowing the setup of the
study's tasks, trials and orders, as well as allowing multiple data collection tools and
output stimuli. The results showed that the toolkit provides enough capabilities to
setup stimulus response types of studies in virtual worlds where (M = 5.3, SD = 1.10).
After calculating the mean and standard deviation for future usage and recommenda-
tion, the results showed that the participants are more likely to use the toolkit to set
and conduct their future studies if they were to conduct studies in virtual environ-
ments and that they will recommend it to their peers. Where (M = 6, SD = 0.89) for
likelihood of using the toolkit in the future studies in virtual environments and (M =
5.6, SD = 1.21) for recommending the toolkit to others.

5.2  Learnability, Usability and User Experience

The toolkit was rated positively by participants in regards to learnability, where M =
6.21 and SD = 0.49. Many users reported that they did not need program-
ming/scripting experience to use the toolkit was calculated across participants, where
M =7, SD = 0. The results show that the participants did not need a lot of support to
set up studies using the toolkit, where (M = 5.33, SD = 0.81). The results of a paired
samples t-test to determine change in attitude from level 1 to level 2 of task B,
showed that it is significantly easier to learn how to modify the avatar and create ges-
tures using the toolkit without training, where t(5) = 8.216, p < 0.001,M = 4.60, and
SD =0.51 and t(5) =23, p < 0.001,M = 4.80 and SD = 0.40 respectively, compared to
learning how to modify the avatar and creating gestures using the traditional methods,
without training, where (M = 1.6, SD = 0.81) and (M = 1, SD = 0.00) respectively.

As expected, the results show that setting up studies using the toolkit saves a sig-
nificant amount of time, where (M = 6, SD = 0.89. The results show that the partici-
pants rated the toolkit as highly intuitive to set up stimulus responses types of studies
where (M = 6.16, SD = 0.40). The participants rated the toolkit high in terms of con-
sistency between other applications where (M = 6, SD = 0.63). The results of a paired
samples t-test to determine change in attitude from level 1 to level 2 of tasks B, re-
vealed that it is significantly easier to modify the avatar using the toolkit t(5) = 19, p <
0:001,where (M = 5.0, SD = 0.0) compared to using the traditional virtual environ-
ments methods where (M = 1.8, SD = 0.16). It saves a significant amount of time to
modify the avatar using the toolkit as expected, where t(5) = 6.32, p = 0.001,M = 4.50
and SD = 0.54 as opposed to using the traditional methods (M = 1.8,SD =0 .75). It is
significantly easier to create gestures using the toolkit where t(5) = 10, p < 0.001,.M =
4.60 and SD = 0.81 compared to the traditional methods, where (M = 1.3,SD =0 .51).
It was also found that creating gestures for the avatar using the toolkit saves a
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significant amount of time t(5)= 5.94, p = 0.002, M = 4.6 and SD = 0 .51 if compared
with the traditional methods of creating gestures in these environments, where (M =
1.8, SD =0 .75). The results showed that the participants rated the toolkit highly ma-
nageable to set up stimulus responses types of studies where (M = 6, SD = 0.63). The
participants were satisfied with the toolkit, where M = 5.8 and SD = 0.58. The results
showed that that participants were significantly satisfied with the toolkit, where t(5) =
8, p < 0.001,M = 4.50 and SD = 0.83 compared to their satisfaction ratings on the
traditional methods in virtual worlds, where M = 1.80 and SD = 0.40.

5.3 Researchers Opinions: How Our Toolkit Compared to Other Similar
Applications

A paired samples t-test results show no significant difference in comparing the tool-
kit's simplicity and ease of use to set up studies compared to other applications: t(5) =
-2.291, p = 0.071, where M = 5.5 , SD = 0.54) for the toolkit and (M = 3.3, SD =
2.16) for other applications. After comparing the learnability of the toolkit compared
to other applications, it was found that the toolkit is significantly easier to learn with-
out training t(5) = -2.557, p = 0.051, where (M = 6.3 , SD = 0 .51) for the toolkit
while M = 3.5, SD = 2.34) for other applications. The results show that setting up
studies using the toolkit saves a significant amount of time, t(5) = -4.503, p = 0.006,
where (M = 6 , SD = 0.89), compared to other applications (M = 2.83 , SD = 1.83),
and significantly more sufficient to set up studies, t(5)= -4.108, p = 0.009, (M = 6.5,
SD = 0 .54) as opposed to other applications (M = 3.5, SD = 1.87). The results show a
significant difference in comparing the intuitiveness and manageability of the toolkit
to set up studies compared to other applications where (M = 6.16, SD = 0.40 (for the
toolkit), t(5) = -3.955 , p = 0.011 and (for other applications) M = 2.66, SD = 2.16)
and M = 6, SD = 0.63 (for the toolkit), t(5) = -3.162, p = 0.025 and (for other appli-
cations)M = 3.33, SD = 1.96) respectively. Most of them made suggestions to en-
hance the toolkit and make it more suitable for their individual studies.

e "Brilliant idea for scientists in our field. I appreciate that I do not need to code”.

e "The design is similar to software I usually use and I don't think I need a manual".

e "Excellent idea which has the potential to make research easier in our field. I most-
ly liked the design which was pretty obvious and easy to use".

6 Discussion

The results show that our participants rated the toolkit to be practical to use. The results
show that the toolkit provides enough capabilities to set up stimulus responses types of
studies. Not all participants agreed to use the toolkit for all their current or future studies
in general. However, all participants concurred to use the toolkit for current and future
studies conducted in a virtual world, and that they would definitely recommend the tool-
kit to their peers. This fulfills the objective of our toolkit to be used as an alternative plat-
form to setup experiments in virtual worlds. The participants were able to take advantage
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of the familiarity of the design with similar features to other applications that they usually
use. The simple design of the toolkit has led the participants to complete the tasks for the
first time without training. Many participants believed that they did not need scripting
background or skills to use this toolkit to set up and conduct studies with accomplishes
our objectives in creating a toolkit that is easy to learn and use with no or little scripting
knowledge in the virtual world. The toolkit rated as significantly easier to use for avatars'
appearance modification and gesture creation, than traditional methods. Our toolkit is
limited to setting up stimulus responses types of tasks. Participants would like to add
more capabilities, such as including adaptive types of task and response scales. In gener-
al, the toolkit meets the learnability, user experience and usability criterion. A number of
expert users who thought that it is a promising first version that lays the foundation to
more future improvements in order to make it more appropriate for setting up individual
and more complex studies in virtual environments. The results show that the participants
are more satisfied with our toolkit than others, though the researchers' opinions may be
influenced by other factors that do not exist in our toolkit.

7 Conclusions, Contributions and Future Work

The results of this research have shown that the toolkit is easy to learn and use. It
provides sufficient capabilities to setup stimulus response types of studies. The toolkit
requires minimum training and coding skills and does not take too long to setup stu-
dies as opposed to learning the scripting skills. The results also showed that the toolkit
provides alternative avatar control methods. The toolkit meets the learnability, user
experience and usability criterion. The toolkit received a great feedback from a num-
ber of expert users who thought that it is a promising first version that lays the foun-
dation to more future improvements in order to make it more appropriate for setting
up individual and more complex studies in virtual environments. This toolkit proto-
type contributes to enhancing researchers capabilities in conducting social/behavioral
studies in virtual worlds. The toolkit hopefully will empower social and behavioral
researchers by proving a toolkit prototype that requires less time, efforts and costs to
setup stimulus responses types of human subject studies in virtual worlds.

In the future, we plan to perform more extensive development of toolkit and con-
duct a more extensive study with more participants after more capabilities are devel-
oped. More future implementations would consist of including more advanced
features for the toolkit such as including adaptive types of task (the answer to the
previous question effects the next question), response scales and the ability to respond
to the tasks with more than just yes and no. We will conduct a direct comparison be-
tween this toolkit and other similar applications. These features will provide more
capabilities for the toolkit to setup and conduct more complex studies in virtual envi-
ronments rather than limited to stimulus responses types of studies.

Acknowledgements. Thank you to participants of this research and who provided
valuable feedback.
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