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Abstract: The purpose of this research is to address the need of increasing student achievement in 
mathematics through virtual environments.  The primary focus is to create an environment where 
students in K–12 education can learn mathematics while using a visual programming language at the 
same time.  Furthermore, the study of visual programming tools as a means to increase student 
achievement in mathematics could possibly generate interests within the computer-supported 
collaborative learning community.  According to Jerome Bruner in Children Learn by Doing, “true 
learning is figuring out how to use what you already know in order to go beyond what you already 
think,” [6].  This research will focus on computer supported collaborative work, virtual environments, 
learning environments, virtual education, and visual programming.  

1. Introduction 
We live in a digital age and technology is constantly 
changing, therefore the way people learn and perceive 
information is starting to change.  Hence, virtual 
learning environments may be a new and innovative 
way to stimulate minds.  In the book titled Virtually 
There—by Stephen Heppell—explains, that learning 
is breaking out of the narrow boxes that it was trapped 
in during the 20th century; teachers’ professionalism, 
reflection and ingenuity are leading learning to places 
that genuinely excite this new generation of connected 
young school students, and their teachers too. VLEs 
are helping to make sure that their learning is not 
confined to a particular building, or restricted to any 
single location or moment [5]. One way to encourage 
intrinsic motivation for learning is through video game 
and three-dimensional representation. Millions of 
people play video games every day.  Many studies 
suggest that children would rather have fun, be 
interactive rather than listening to an instructor who 
attempts to force them to learn something they may 
find uninteresting.    
 
The research presented is not an attempt to discount 
traditional methods of teaching used by educators, 
instead the research is provided to offer an alternative 
or help advance the traditional, instructional methods 
implemented.  “Traditional teaching is concerned with 
the teacher being the controller of the learning 
environment. The teacher holds power and 
responsibility and they play the role of instructor (in 
the form of lectures) and decision maker (in regards to 
curriculum content and specific outcomes). They 
regard students as having 'knowledge holes' that need 
to be filled with information” [10]. Web-based 

instruction or informal instruction is different. “Web 
based instruction may be employed to promote 
experiential learning, or learning "on site," so that the 
process of learning is integrated with the real world” 
[11]. Using video games to educate students will not 
only benefit students by introducing them to computer 
science, but it will benefit teachers and professors as 
well. In “Artificial Intelligence as a Medium for 
Learning,” the paper discussed the different forms of 
artificial intelligence that young students use every 
day and how these episodes are utilized as learning 
experiences [12].   
 
2. REFERENCES 
2.1 Virtual Learning Environments 
According to Juan R. Pimentel in Journal of 
Asynchronous Learning Networks, “We define a 
virtual learning environment as one that allows 
learners to perceive the environment, assess situations 
and performance, perform actions and proceed 
through experiences and lessons that will allow them 
to perform better with more experience on repetition 
on the same task in similar circumstances” [7].  Hence 
the purpose of a virtual learning environment is to 
enhance education in ways that students can interact 
with professors, other students, and learn in new 
dimensions.  According to Britain and Liber, who 
defined the framework for Virtual Learning 
Environments, the purpose of virtual learning 
environments is to “Accommodate a wider range of 
learning styles and goals, to encourage collaborative 
and resource-based learning and to allow greater share 
and reuse of resources” [1]. 
 
 



2.2 Virtual Environments in Education 
Virtual environments play a vital role in education.  
Virtual reality is powerful because people perceive 
images faster than they do reading text [9].  Perception 
is a very important part of the learning experience.  
Virtual environments are engaging and they allow 
students to visualize information.  The most practical 
use of virtual reality can be for training and 
stimulation. In the classroom they can be used to 
increase students’ participation because they motivate 
the students to learn.  For instance, virtual 
environments can be utilized for a student to explore 
different countries virtually, instead of just reading 
about it in a text book.  Virtual environments can also 
be used for learning mathematics. 
 
2.3 Computing in Education 
Vinton G. Cerf, ACM President, argues that, as of 
August 2013, “…the idea is not necessarily to turn 
students into professional computer engineers and 
scientists, but to expose them to the richness of 
computer science and to help them appreciate the 
potential nascent in computers and programmable 
systems” [5].  Several factions such as ACM and the 
IEEE Computer Society have worked exhaustively to 
make Computer Science be regarded in the same light 
as Science, Mathematics, and Social Studies.  This 
effort was evidenced by a letter from the chair of 
ACM, Dr. Andrew McGettrick.  The letter was 
published in and August 2013 article in an issue of 
Communications. As written in the notes section of the 
article, “Andrew McGettrick is a Professor Emeritus 
at the University of Strathclyde and the chair of 
ACM’s education board and education Council.”  
Gettrick discussed what the U.S. ACM is doing to 
reform kindergarten through 12th grade (K–12) 
education.  Topics include the promotion of computer 
science education at all levels by ACM’s Education 
Board, the CS 2013 curriculum guidance document 
published by ACM’s Education Board and the U.S. 
Institute of Electrical and Electronics Engineers 
(IEEE) Computer Society, and massive open online 
courses (MOOCs). Professionally speaking, students 
of various ages could and would benefit from learning 
more about the technology that is an intricate part of 
our daily lives.   
 
Of course, the Computer Science field is more than 
just knowledge of computers and what support they 
provide in our everyday lives [5]. Each student will 
have the choice of what they will do with their 
newfound knowledge.  They have the potential to 
create the newest, hottest role-playing game, design 
the world’s strongest supercomputer, and produce a 
program that compiles a three dimensional image of a 
building and calculate its structural stability, and more.  

 
Vinton G. Cerf argued that, as of August 2013, 
computer science should be incorporated into 
elementary and secondary education to the same 
extent that other sciences such as biology, chemistry, 
and physics are taught, exposing students to the field 
of computer science.  The Association for Computing 
Machinery was referenced several times with respect 
to one of their main initiatives: to make computer 
science acceptable as a core science along with 
mathematics, physics, biology, and chemistry. 
 
Cerf maintains “…the idea is not necessarily to turn 
students into professional computer engineers and 
scientists, but to expose them to the richness of 
computer science and to help them appreciate the 
potential nascent in computers and programmable 
systems.”  One does not have to be a Computer 
Science major to learn about the abilities of computers 
and programmable systems.  As stated by Cerf, “Many 
of our members received degrees in disciplines other 
than computer science simply because their academic 
years preceded the creation of computer science 
departments”.  We conclude that learning about 
computer science benefitted rather than hindered the 
growth of the members.  Therefore should students in 
K–12 classes learn about computer science, but gain 
an interest in another subject, then no harm no foul.   
 
These conclusions may be presumptuous, but they are 
also possibilities of what could have been or could be.  
However, in order for any profession to truly move 
forward, those with more experience must be willing 
to give back.  Cerf wrote, “Reforming K–12 education 
to incorporate serious computer science seems vital to 
producing an informed public that has a deeper 
appreciation for the power of computing than video 
games and social networking.  There are, no doubt, 
countless opportunities for computing professionals to 
engage in this effort, by lending their support and time 
to the effort to reform K–12 curriculums content and 
to make visible to young people the excitement of 
discovering what computing can accomplish.  The 
discipline of writing and debugging software, of 
creating simulations or interactive applications has the 
potential to draw many into the profession, or at least 
to provide even more with a sense of the core role 
computing is playing and will play in the decades 
ahead.  As the Internet of Things becomes reality and 
software appears in every appliance, building, and 
vehicle, we have a societal interest in promoting 
understanding of and interest in our discipline.” [5]  
 



 Table 1 
Core Computational Thinking Concepts and 
Capabilities [8]  
 
2.4 Computing as a Whole Barr and Stephenson created a basis for change in K–
12 education including a table of Core Computational 
Thinking Concepts and Capabilities for Science, 
Math, Language Arts, Computer Science and Social 
Studies [Table 1] 
 
The article consisted of but is not limited to: multiple 
definitions of computer science and computational 
thinking, how computer science can relate to K–12 
students and their core classes, and what can we do to 
encourage an interest in computing.   (Please note: 
Table 1 is included in the Conclusions and 
Summarization section.  It was also found in reference 
11.)  In short, Barr and Stephenson summarize that, 
“The process of increasing student exposure to 
computational thinking in K–12 is complex, requiring 
systemic change, teacher engagement, and 
development of significant resources.  Collaboration 
with the computer science education community is 
vital to this effort.”  
 
Many experts have argued as to the true definition of 
computer science.  According to Barr and Stephenson, 
theories have run rampant about computer science 
since 1985.  “Questions of the nature and educational 
value of computer science are as old as the discipline 
itself.  In 1985, Abelson and Sussman argued that 
computer science is “a discipline of constructing 

appropriate descriptive languages.”  However our 
question is this: what is the definition for computer 
science in regards to K–12 educators?  Barr and 
Stephenson state that “The ACM Model Curriculum 
for K–12 Computer Science [8] provides a definition 
of computer science specifically for K–12 educators.  
Computer science argues that it is neither 
programming nor computer literacy. Rather, computer 
science is “the study of computers and algorithmic 
processes including their principles, their hardware 
and software design, their applications, and their 
impact on society” (pg. 1).  Computer science 
therefore includes: programming, hardware design, 
networks, graphics, databases and information 
retrieval, computer security, software design, 
programming languages and paradigms, logic, 
translation between levels of abstraction, artificial 
intelligence the limits of computations (what 
computers cannot do), applications in information 
technology and information systems, and social issues 
(Internet security, privacy, intellectual property, etc.). 
 
As an interested reader, it is important to note to not 
assume that everything will be easily fixed if there is 
no set plan or precedent.  Barr stated that, “The 
successful embedding of computational thinking 
concepts into the K–12 curriculum requires efforts in 
two directions. Educational policy must be changed, 
overcoming significant infrastructure hurdles, and K–
12 teachers need resources, starting with a cogent 
definition and relevant age appropriate examples.  In 
this paper we report on the first part of a multiphase 
project aimed at developing an operational definition 
of computational thinking for K–12 along with 



suitable resources for policy and curricular change.  In 
addition to explaining the issues involved in the K–12 
arenas, this paper, following Gal-Ezer and Stephenson 
[1], is intended to help bridge the gap between the K–
12 and CS education communities.” 
 
The final part of their plan includes the CSEC.  
Stephenson and Barr concur that, “The computer 
science education community can play an important 
role in highlighting algorithmic problem solving 
practices and applications of computing across 
disciplines, and help integrate the application of 
computational methods and tools across diverse areas 
of learning.  At the same time, CS educators must 
understand the complexities of the K–12 educational 
setting, incorporating that knowledge into outreach 
activities and support for K–12 changes.  
 
Developing a definition of, or approach to, 
computational thinking that is suitable for K–12 is 
especially challenging in light of the fact that there is, 
yet, no widely agreed upon definition of 
computational thinking….  Computer scientists can 
promote understanding of how to bring computational 
processes to bear on problems in other fields and on 
problems that lie at the intersection of disciplines.  For 
example, bioinformatics and computational biology 
are different, but both benefit from the combination of 
biology and computer science.  The former involves 
collecting and analyzing biological information.  The 
latter involves simulating biological systems and 
processes.  Presenting both bioinformatics and 
computational biology in algorithmic form helps 
scientists exchange information [2], [8]. 
 
2.5 Benefits of Virtual Learning Environments 
Many people feel that virtual learning environments 
will eventually dominate or replace traditional 
classrooms in the future.  There are thousands of 
schools across the US using VLEs based on their 
convenient they are and their effectiveness.  There are 
many different types of virtual learning environments 
and they can cater to individuals’ specific needs.  With 
the advancements in technology elements that are 
presented in a traditional classroom setting can be 
duplicated digitally.  Wayne Galloway express, “More 
flexible, comprehensive and dynamic communication 
is now possible through the available technologies of 
videoconferencing, live broadcasting, and faster 
connection speeds” [3]. Virtual learning environments 
provide rewarding experiences, and they may very 
well be the means of learning in the future. 
 
 
 

2.6 Disadvantages of Virtual Learning 
Environments 
While many people favor with virtual learning 
environments, there are still some concerns whether 
they are truly effective or not.  Many people feel that 
virtual learning environments are becoming popular 
because they are convenient to students and 
professors; however, they fail to engage the learner.  
The lack of social interaction may harm students in the 
long run.  M. J Stiles suggest that learning is a social 
process and VLEs eliminates this, “VLE’s lead to a 
genuine sense of isolation, and in ignoring the social 
aspects of learning lead to less effective learning” [28].  
He also feels that there are certain conditions that are 
required for effective learning, and until these 
conditions are met most virtual learning environments 
are inadequate for the learning process. 
 
3. METHOD 
3.1 Research approach 
The research approach includes creating an 
environment where students in K–12 education can 
use mathematical simulations in a virtual environment 
while learning mathematical concepts at the same 
time.  This allows the study of visual programming 
tools to be used as a means to increase student 
achievement in mathematics.  Thus, the main goals of 
the study are: 

1. Develop an appropriate tool for 
increasing mathematics achievement 

2. Configure the tool to accommodate the 
user group 

3. Suggest a model of computer supported 
collaborative work for informal 
educational experiences through lessons 
and educational simulations  

4. Develop a minimalist tutorial for the tool 
5. Conduct a usability and acceptance test 

with the test group 
6. Introduce new technical skills to novice 

computers users and enhance technical 
skills of novice users  

7. Encourage users to adopt VMS 
technology for collaboration instead of 
traditional methods 

This study will focus on the usability of the tool as the 
main part of the research because the feedback will 
provide the data to show the effectiveness of the tool 
as well as the usability.  To determine the usability of 
the tool, a broad array of questions to be answered by 
the experimental participants has been created to 
gather data for the research through a survey.  The 
survey requires a user to identify themselves as a 
novice or having advanced computer skills for the 
purpose of assessing the usability level of the tool and 
its impact on subjects. 



 
To gather more data on the usability and effectiveness 
of the collaborative environment, experimental 
participants performed a series of tasks to include 
completing a detailed survey to provide feedback on 
their experiences with the system.  The immediate 
contributions of this research will increase 
mathematics achievement in K–12 education.  In 
addition, the results of this research may capture and 
generate interests within the computer-supported 
collaborative learning community. The following 
research questions will guide this research. 

1. Are students better engaged with VMS and 
traditional instruction versus traditional 
instruction alone? 

2. Are students more engaged when using 
educational math games? 

3. Will students have a positive reaction to the 
VMS? 

4. Will students recommend the tool to others? 
5. Do students retain knowledge acquired from 

VMS? 
6. Are students satisfied using VMS? 

 
3.2 Preliminary Experiment 
A preliminary experiment performed using this initial 
design, and proposes a plan for experimentation on the 
final design.  The initial implementation was tested 
using a limited demographic to show proof of concept.  
The results from this preliminary work serve as a basis 
for future design decisions, and a direction for the next 
implementation steps.  Further experimentation is 
necessary to fully gain the impact of that the proposed 
work will have on the intended user population.  This 
experiment will allow the usability of the final 
implementation to be thoroughly evaluated.   
 
The primary objective of the preliminary study is to 
observe and analyze how students interact with the 
Virtual Mathematical System.  The goal of the study 
was to determine the effectiveness of VMS with 
respect to increasing mathematical achievement in the 
VMS system.  The data from this study will be 
analyzed to determine the effectiveness of VMS.  It is 
expected that VMS would significantly increase 
mathematics achievement when involving students in 
learning math in a virtual environment.  Additionally, 
it is expected that the participants in the study would 
be able to use the system effectively, meaning they 
will be able to use visually programming tools to 
increase mathematics achievement.  
 
3.4 Participants 
The participants in this study will be middle school 
girls who are members of Girls, Inc. Girls, Inc. is a 
non-profit organization that spans both the United 

States and Canada that has an initiative to increase the 
participation of girls in information technology. Girls 
Inc. are constantly encouraging the girls to be strong, 
smart, and bold [9]. All students are accepted to 
participate in the study, given they have permission 
from their parents and or guardian.  A total number of 
50 participants are expected to participate in this study. 
“Girls Inc. programs focus on science, math, and 
technology, health and sexuality, economic and 
financial literacy, sports skills, leadership and 
advocacy, and media literacy for girls ages 6 to 18 
throughout the United States and in Canada. While our 
goal is to reach all girls, we recognize that girls in at-
risk communities have an even greater need for our 
programs. Of those we serve, 76 percent are girls of 
color and 70 percent come from families earning 
$25,000 or less. More than half are from single-parent 
households, most of which are headed by women” [4]. 
 
3.5 Materials 
A desktop computer and the SCRATCH software are 
needed for this study.  “Scratch is written in Squeak, 
an open-source implementation of the Smalltalk 
language” (OLPC, p. 1).  Squeak is a “media authoring 
tool” developed by a community of people from 
Massachusetts Institute of Technology (MIT).  It can 
be used to create your own media or share and play 
with others” (Kay, 2007, p. 1).  The desktop computer 
will be used to run the VMS system software.  The 
experiment results will be analyzed using Microsoft 
Excel. 
 
3.6 Procedures 
The setting for the experiment was conducted at two 
different locations of Girls, Inc., the Baker Center and 
the Kobb Center, in Columbus, Georgia.  The 
participants were asked to read the information letter, 
which was used to inform the participant of his or her 
rights in participating in this study.  The participants 
were given a parental consent letter to be completed 
by the parent or guardian.  All participants were 
informed not to discuss the experiment with friends 
and classmates to ensure that all participants had an 
equal knowledge of the study.  All participants were 
given a list containing all the tasks to complete during 
the study.  The participants were directed to fill out a 
pre-questionnaire to obtain their demographic 
information and prior usage with computing.  Once the 
pre-questionnaire was completed, a scenario was 
given to the participants explaining the study.  The 
scenario was to inform the participants about the 
VMS. 
 
3.7 Data Collection 
The first method of data collection for the study was 
done through the pre-questionnaire.  Each participant 



was required to complete the pre-questionnaire so that 
demographic information about the participants could 
be collected.  Demographic information is needed to 
determine the type of participants in the study.  The 
demographic information tells us the ethnicity and 
gender of the participants.  It also indicates their level 
of education, and other information.  In addition, 
several math problems were included to determine the 
participants’ level of knowledge regarding 
mathematical concepts. 
 
The second method of data collection for the study was 
done through the post-questionnaire.  Each participant 
was required to complete the post-questionnaire so 
that information about the use and effectiveness of the 
VMS could be collected.  In addition, the participants 
were given the same math questions from the pre-
questionnaire to solve.  During the study, information 
will be gathered to analyze the participants’ use of the 
system.  A data collection sheet was used to record all 
information during the study.  This sheet contained a 
space for observations made throughout the study.  
The results of both the pre-questionnaire and the post-
questionnaire will be presented in this study. 
 
3.8 Implementation The Edutainment website provides a description of the 
project as well as an overview of the rationale for the 
project, which is located on the homepage.  The 
website has been designed to resemble the Windows 8 
tiled grid display.  Located on the website (as shown 
in Figure 15) are links to seven pages that have been 
set up to focus on various areas of mathematics: 1) 
Algebra; 2) Functions; 3) Geometry; 4) Modeling; 5) 
Standards; 6) Numbers; and 7) Probabilities. 
 

Figure 15: Edutainment Website Homepage 
 
The links to the core areas within mathematics carry 
the user to similar pages that are designed to focus on 
the topic that the user has chosen.  When the user 
selects a topic link of choice, the page that populates 
has a tile that gives further information.  There is also 
a link to return to the homepage.  Once the user 
chooses to enter the full curriculum for the specific 
topic, a new page opens containing links to the pacing 

guide, lessons, assessments, games, and videos 
pertaining to that specific concept in mathematics.  
The lessons, videos, and assessments attempt to 
explain the mathematical concepts and get the user 
thinking about that concept and how it can be used.  
The games are designed to give the user some hands-
on experience with the mathematical concept in a fun 
and interactive environment.  
 

Mathematics as Games 
Algebra Linear Equations games 
Functions Functions games 
Geometry Geometry games 
Modeling Content to be added later 
Standards Link to Standards website 
Numbers Numbers games 
Probabilities Probabilities games 

 
Figure 16: Mathematics as Games 
 
The use case diagram in Figure 17 depicts a typical 
user interaction with the application.  The user logins 
to the Edutainment website and select a topic to view its 
contents.  The application then opens the 
corresponding page for the topic the user selected.  The 
content page would contain additional links to items 
pertaining to that topic.  The user selects one or more 
of the items to view such as pacing guide, assessments, 
lessons, videos and games.  Once the user finished 
viewing content for that topic, the user returns to the 
main content page for that topic. From the topic 
homepage the user can select to return to the 
Edutainment homepage.  The user may choose to logout 
of the application from the Edutainment homepage. 
 

Figure 17: Use Case Diagram 
 
 
 



3.9 Typical Use Case Scenarios 
Use Case 1.  Kalei is a sixth grade student taking a 
mathematics course.  The teacher informs the class 
that they will be studying linear equations over the 
next several weeks.  The teacher then directs them to 
study the materials on Algebra on the Edutainment 
website for the remainder of the class.  Kalei goes to 
the website enters her user login information.  She then 
selects the topic link for linear equations.  She then 
looks at the lessons content, plays the solving one-step 
linear equations game and watches the video that is 
available.  At the end of class she returns to the 
Algebra content page.  From there Kalei returns to the 
Edutainment homepage and logs out of the website. 
 
3.10 Sequence Diagram 
Once the application functionality was defined, the 
next aspect of the application that needed to be 
examined was how the application responds to a task 
initiated by a student user.  To illustrate the interaction 
between the system and the user, a system sequence 
diagram was created.  The sequence diagram shows 
the typical interaction and response for a student user. 
The sequence diagram addresses the typical action of 
accessing content for one of the math topics. 

Figure 18: Sequence Diagram 
 
3.12 Functional Requirements 
The first requirement was for the project to be web-
based.  To meet this requirement, the activities were 
implemented using HTML and JavaScript 
programming.  The determination was made to utilize 
mathematical concepts that were a part of the lesson 
and integrate these concepts into the learning 
application. 
 
The second requirement was the creation of an 
interactive software application.  The application 
meets this requirement.  First, the application meets 
the interactivity requirement with the assessment.  The 

assessments were designed to see how well the user 
retains information about various topics in 
mathematics while they are playing within the site.  
The assessments have been designed to give the user 
instant feedback upon each answer submission as to 
whether the answer chosen is correct or not.  If the 
answer is incorrect they are also provided with the 
correct answer.  At the end of the quiz, users are 
provided their overall quiz results as well. 
 
The third requirement is that the application must 
present the activity as a game or in a game-like 
fashion. The application meets this requirement by 
allowing the user to interactively solve linear 
equations in a virtual environment.  While it is not a 3-
D interfaced video game, it is a game that allows 
students to demonstrate what they have learned 
through interaction with a web coding application. 
The final requirement states that the application must 
support lessons taught in traditional classroom 
sessions in the area of mathematics, meaning the 
application should function as a tool in a web-based 
learning environment that enables students to learn 
mathematics whether it is algebra or geometry.  This 
requirement was met through the assessments, games, 
and videos provided on various pages of the website.  
The application also met this requirement through the 
standards and pacing guide homepage that allows the 
user to edit view existing standards and pacing guides 
that were already structured. 
 
4. EXPERIMENTAL ANALYSIS & 
EVALUATION 
This study has identified Girls, Inc. members as the 
initial subgroups that will benefit from the results of 
this research.  The main criterion for choosing 
members to participate in the study is a voluntary 
acceptance of middle school girls of Girls, Inc. to 
willingly subscribe to use the Edutainment website 
that we have developed to potentially increase 
mathematics achievement by using virtual 
environments.  Participants will provide feedback on 
its usability and how easy it is to use by novice users 
for increasing mathematics achievement in K–12 
education. To extend this study, the research will focus 
on middle school students sharing and reusing the 
Edutainment software amongst other groups. 
 
The experts and experimental evaluations will explain 
the Experimental Design, Data Collection, and 
Experimental Results.  The data collection section will 
present methods for the work, materials used, 
experimental data (i.e. demographics, user satisfaction 
questionnaires), procedures and experimental 
observations.  The chapter concludes with a discussion 
of the experimental hypothesis and the implications of 



the study.  The usability results and implications 
support the adoption of Edutainment website as a 
suitable tool for a community of practice to share and 
reuse best practices. 
 
4.1 Experimental Design 
The experimental procedure included a pre-
questionnaire, a task list, and post- questionnaire to 
collect data from the experts during this phase of the 
study.  Fifty-eight participants were surveyed during 
the pre-questionnaire phase.  However, due to 
absences on the day of the post-questionnaire, forty-
seven participants were surveyed. The research 
approach includes creating an environment where 
students in K–12 education can use mathematical 
simulations in a virtual environment while learning 
mathematical concepts at the same time.  This allows 
the study of visual programming tools to be used as a 
means to increase student achievement in 
mathematics.  Thus, the main goals of the study were: 

1. Develop an appropriate tool for 
increasing mathematics achievement 

2. Configure the tool to accommodate the 
user group 

3. Develop a minimalist tutorial for the tool 
4. Conduct a usability and acceptance test 

with the test group 
5. Introduce new technical skills to novice 

computers users and enhance technical 
skills of novice users  

6. Increase mathematics achievement 
7. Encourage users to adopt the use of the 

technology for collaboration instead of 
traditional methods 

8. Suggest an algorithm-based model to 
improve usability and management 
within a collaborative tool and write a 
simulation of it. 

To gather more data on the usability and effectiveness 
of the collaborative environment, experimental 
participants performed a series of tasks to include 
completing a detailed survey to provide feedback on 
their experiences with the system.  The immediate 
contributions of this research will increase 
mathematics achievement in K–12 education.  In 
addition, the results of this research may capture and 
generate interests within the computer-supported 
collaborative learning community. 
 5. RESULTS 
5.1 Summary of Findings 
Fifty-eight middle school girls in the southeast United 
States were surveyed.  There were fifty-eight 
respondents from Girls, Inc. in Columbus, Georgia.  
The middle school girls were asked to complete a pre-
survey and post-survey that measured their 

experiences with the Edutainment website, 
mathematics, and the use of the game. 
The first research question focused on the VMS 
system alleviating the mathematical concerns students 
may have when learning mathematics.  The majority 
(65.96%) of the participants reported that they would 
use both classroom instruction and online instruction.  
These results suggest that the majority of the 
participants would like to have the teacher in the 
classroom when learning. 
 
The second research question focused on whether the 
students learned better using the Virtual Mathematics 
System (VMS) when compared to traditional 
instruction.  Over half of the participants (65.11%) 
indicated that the game was easy to learn.  The 
majority of the middle school girls learned better using 
the VMS when compared to traditional instruction.  
The third research question focused on the satisfaction 
of the students using the VMS system.  A majority 
(61.36%) of the participants reported that the visual 
look of the system was high or very high.  Half of the 
participants (50%) believed that that the Edutainment 
Game had an interactive feel.  Over half (56.81%) of 
the participants reported the system was easy to play.  
The majority of the participants were satisfied using 
the VMS system. 
 
The fourth research question focused on the 
recommendation of the VMS system to others.  A 
majority (65.96%) of the participants reported that 
they would recommend the VMS system to others.  
The fifth research question focused on the retention of 
knowledge acquired from the VMS system.  More than 
half (62.23%) of the participants indicated that they 
learned with the Edutainment game, which suggests 
that the participants were able to retain knowledge 
acquired from VMS. 
 
The sixth research question focused on the satisfaction 
of the students using the VMS system.  A majority 
(61.36%) of the participants reported that the visual 
look of the system was high or very high.  Half of the 
participants (50%) believed that that the Edutainment 
Game had an interactive feel.  Over half (56.81%) of 
the participants reported the system was easy to play.  
The majority of the participants were satisfied using 
the VMS system. 
 
5.2 Limitations of the Study 
The findings of this study cannot be generalized to 
other populations since the sample was limited to 
middle school girls in the southeast United States.  
Other limitations of the study included the use of 
survey methods.  The results of the survey were 
dependent upon the middle school girls’ willingness to 



report their true feelings and beliefs regarding the 
VMS.  The survey results indicated the middle school 
girls learned better with the VMS and that the 
participants were satisfied with the system.  Lastly, the 
study did not explore whether or not there were 
differences between the participants stated satisfaction 
and actual practices.  Further research must be 
completed to address these issues. 
 6. CONCLUSION   
This study was exploratory in nature and was designed 
to assess virtual environments for education and 
implementing education into 3D video games and 
applications.  It was designed to provide a generic 
model of virtual environments for education and to 
explore specific factors such as personal 
characteristics, demographics, and usability of the 
system. This work was supported by National Science 
Foundation (NSF) BPC #1303156 iAAMCS, NSF 
BPC #1042468 STARS, and NSF S-
STEM  #0966278. 
 
The adoption and success of an informal educational 
online tool and its value as a secure and easy to use 
and learn tool depends heavily on its usability.  
Computer supportive collaborative work theory and 
human computer interaction research provide usability 
acceptance test knowledge that can support the 
effective user evaluation acceptance tests of an online 
based collaborative tool.  However, the formulation of 
an effective and efficient acceptance testing process is 
made difficult by the plethora of design theories and 
models that support a novice user in understanding and 
using a collaborative tool to share best practices.  The 
premise of this research is that user acceptance test can 
provide a mechanism for identifying a suitable tool 
that is understandable and easy to use for a novice 
user.  We base the practicality of this approach to the 
previous research efforts in human studies to test the 
suitability of software products before deployment in 
the software engineering development and human-
computer interaction fields. This research examined 
the issue of proving a collaborative tool to support 
communities of practice members engaged in informal 
learning by sharing of best practice and developing a 
model for managing groups of groups that emerge 
within the community of practice.  This research 
postulated a hypothesis that students can learn 
mathematics better using VMS than traditional 
instruction.  
 
In evaluating the collaborative tool for communities of 
practice to share best practices, our objective was to 
validate a tool that supports extension for future 
research activities based on new collaboration trends.  
The Edutainment system is a suitable tool for 

communities of practice to share best practices.  This 
research is a first attempt to present empirical user 
based acceptance tests results to address a variety of 
usability issues pertaining to virtual environments 
based tools supporting information learning.  
 
The study to evaluate usability of Edutainment website 
to support a community of practice in sharing best 
practices yielded significant results.  Formulating the 
usability tasks to be used in the study was a difficult 
task.  However, an empirical usability task list 
focusing on key tool functionalities was efficient in 
measuring tool’s effectiveness in supporting novice 
users in sharing best practices.  This research was 
observed and measured users interacting with the 
system thus we required tasks that did not consume too 
much time to complete.   
 
Due to the limited time available for most community 
of practice members to engage in informal learning 
and sharing best practices, a long task evaluation 
period for a single task was not feasible.  To overcome 
the per task completion time limitation, we explored a 
minimalist tutorial option and our ability to validate 
our research efforts can be attributed to the success of 
the experimental design and the feasibility of the 
research presented in this dissertation.  
 
Future research is needed to gain more insight on user 
experiences with the Edutainment website. In addition 
to future research, we will explore possible 
alternatives to the usability experimental evaluations 
and model simulations used in the study presented in 
this research.  As a human computer interaction lab, 
having users test and utilize a tool and provide 
feedback will yield more insight on how effective the 
proposed Edutainment website is.  Also, selecting a 
different pool of subjects to validate the usability of 
the Edutainment website may yield different results.  In 
our case, the difference between pre-test and post-test 
yielded positive results, which is an indication that 
users reacted positively to the tool after use.  This is an 
indication of a positive user experience recommended 
for a tool adoption for the targeted user group.  
Continued empirical usability tests will provide more 
insight into the viability of the Internet based tool to 
support communities of practice share best practice 
effectively as well foster information learning within 
those communities.  Initially our efforts were focused 
on identifying a viable tool for communities of 
practice to share best practices and defining a model to 
aid in increasing mathematics achievement for K–12.  
The expert survey selected for the Edutainment website 
among other potential candidates has been validated 
through an acceptance usability survey data from 
potential users.  



The contribution of this research is beneficial to 
computer supportive collaborative work (CSCW) 
design, human computer interaction research, virtual 
environments, online group theory research, informal 
learning research, and usability studies research.  The 
following contributions have been made:  A collaborative synergy and collective 

intelligence of community of practice by 
supporting them in the easy creation, sharing 
and reuse of online artifacts, curriculum and 
other materials is supported   An Internet based environment for sharing 
best practices among community of practice 
members (K–12 educators and Girls Inc.) is 
validated through usability evaluation.   A secure bundle system that incrementally 
offers multimedia-varying collaboration tool 
in a virtual environment that supports 
informal learning and sharing of best 
practices among communities of practice 
members  A new method to validate a collaborative tool 
for operationalize informal learning is 
presented with the support of a minimalist 
tutorial  A Framework for the development of a 
collaborative tool for online communities for 
communities of practice to share best practice 
is validated through human studies.  A new group management model is 
developed, validated and discussed in detail.  Usability studies data measuring the 
Edutainment system effectiveness as a 
collaborative tool are discussed.  

The researcher has offered suggestions to expand upon 
this study and to further investigate in other regions of 
the United State to obtain results regarding 
implementing virtual environments for three-
dimensional education.  In addition, the researcher 
suggests that the Edutainment website be enhanced and 
expanded to include other content besides Algebra.  
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