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ABSTRACT

In education in recent times, especially during the outbreak of
Covid 19, the interest of education professionals has become
to search for the most appropriate ways to use technology as a
motivational tool in education. The use of gamification in
education is very important because it works to arouse
students' interest and reduce learning time. The current study
aims to determine the effects of applying a virtual learning
environment based on gamification on improving the
achievement and practical skills of deaf students in
mathematics at the primary stage in Egypt. Java, JavaScript, ,
PHP, CSS, HTML, MSQL, and AppServ, are used to develop
the application. The study followed the quasi-experimental
research method. The application was applied to students
from Al-Amal School for the deaf and hard of hearing in
Damietta - Egypt. The study used two tools: an achievement
test, and a test of practical skills in mathematics after
rationing. The value of the reliability test was more than 0.89.
The t-test was used to analyze the students' scores in the pre-
and post-test, and the two null hypotheses were tested at the
significance level of 0.05. The results showed the
effectiveness of the virtual learning environment based on
gamification in developing the achievement and practical
skills of deaf students in mathematics.
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1. INTRODUCTION

The use of virtual learning environments (VLEs) allows
students to collaborate, exchange ideas, and use distinct
technologies that increase motivation to learn [1]. Using
VLEs is not just a way to manage course content, it also helps
teachers schedule a range of educational activities, which
increases interaction between teachers, students, and
educational materials [2]. The use of VLEs helps transfer
knowledge among students regardless of the media they are
used [3]. number of studies indicate a low achievement of
deaf students in mathematics, as research studies indicate that
deaf children lag behind their peers who hear from (2 to 3.5
years) in mathematics achievement tests [4]. Deaf people are
defined, according to the World Health Organization, as lack
or a complete loss of hearing [5] . Communication with deaf
individuals is through sign language[6]. It is a visual and
spatially organized language [7], this doesnt mean that all
deaf students should study mathematics by focusing on sign

language. Rather, attention must be paid to the way of
curriculum introduces mathematics, especially as it turns out
that deaf who using sign language have the ability to think
spatially better than hear people [8 , 9] . despite the increase
in the number of deaf students enrolled in school, there is
evidence indicating that poor study habits may lead the deaf to
drop out of school[10]. this leads to the difficulty of their
transition to the work, especially for who don't have the
opportunity to obtain more education [11]. Education experts
believe that it is necessary to use information technology’s to
improve the teaching and learning process through the
development of new learning methods[12,13]. in the field of
mathematics learning, practical activities are an essential part
of any mathematics curriculum because they enhance
mathematical concepts, especially with deaf student, for this
reason there is a need to create teaching and learning methods
that push students to effective learning and create a new
virtual spaces to enhance practical activities [14,15]. These
spaces are called virtual learning environments. VLEs can be
effective in education as they can be used to create chat
rooms, forums, web conferences, e-mails, Free short message
service (sms), share audio recordings and educational videos,
and thus develop educational and social interactions through
synchronous and asynchronous communication [16 ,17]. Any
educational system is based on a student, teacher,
environment, and curriculum. The curricula in Egypt depend
on memorization and indoctrination, so , the educational
system face a number of problems, including the inability to
motivate students and invest their talents and abilities, then,
this causes a weak motivation among students to learn[18].
Therefore, teachers face many challenges, the most important
of which is how to adapt students 'learning towards the needs
and requirements of students . Teachers should use teaching
methods that make students active participants in
learning[19]. Educational games are a promising trend to
motivate students towards learning[21] . based on [22]
Gamification is defined as the use of game design elements in
non-game contexts. It is also defined as the use of fun
elements found in games and  appiyingthem in real
activities[23] . The difference between gamification and
games is that the first applies the principles of the game in
normal activities and it does not necessarily create a game
[24]. The use of educational games is a promising approach in
education to their ability to enhance knowledge and skills. But
creating an educational game is difficult, expensive, needs a
long time, and it is achievement the goals selected by the
game designer, while gamification uses thinking approach in
games and game design elements to motivate students and
increase their participation in learning [25] . The summative
assessment is used after teaching to give judgments about the
certificates and the progress of the level, while the formative
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assessment is used during the teaching to find out and correct
weaknesses and provide feedback to students during the
learning process [26]. Today's curriculum rely on information
and communication technology, then, assessment and exams
will inevitably become digital[20]. Therefore, using
Gamification, students can pass difficult tasks in a short time,
as well as analyze the mistakes they make and benefit from
their causes in correcting mistakes. [27]. This work aims to
develop an VLE based on gamification using JavaScript, Java,
PHP , CSS, HTML, MSQL, and AppServ, the VLE that will
support the learning environment in primary schools for
hearing-impaired students, it will allow students to learn
anytime and anywhere, communicate with teachers, and
compete with classmates. We will study its effectiveness in
developing the cognitive and skill aspects in mathematics for
deaf students.

2. LITERATURE REVIEW

2.1 Virtual Learning Environment for deaf
Virtual learning environments are defined as the environment
which learning is by the use of electronic media when the
teacher and student are far from each other in time and place
and that includes different media of data, video and sound
[28]. There are some studies that use VLE for deaf learning,
Matjaz Debevc, and , et al (2010) presented basic guidelines
of e-learning for deaf and directions for design of e-learning
sites accessibility [29]. Debeve, M., Stjepanovi¢, Z., &
Holzinger, A (2014) improved an adaptive e-learning
environment in computer literacy for deaf and hard of hearing
people, This course is based on the learning management
system Moodle, and included streaming video with sign
language translator video .  usig two methods to analyze
and confirmed The usability of the e-learning course : the
Software  Usability Measurement Inventory (SUMI)
evaluation method, and , the Adapted Pedagogical Index
(AdaPl),The results showed the suitability of the e-learning
course for the target group [30]. Adamo-Villani, N.,
Carpenter, E., & Arns, L. (2006) presented the 3D learning
environment to improve mathematical skills and conceptsto
deaf students, through interaction with 3D virtual signers
and environments. The application includes a gesture control
system , and can be showed in devices which generating a
three-dimensional image [31]. Also Chee Kyun Ng et al.
(2008) presented an e_ learning system that allows
communication between normal students and students who
are blind, deaf, and those with physical disabled . The system
focused on communicating deaf students with normal students
and the teacher through chat-rooms, while it focused on the
blind students communicating with others using voice over
the Internet. As for students with limited mobility, their
communication was by allowing them to attend the classroom
from home via the Internet. One of the advantages of this
system was that it reduced the educational gap between
normal students and students with disabilities, however,
needed training on its use [39]. Hashim, M. H. M., & Tasir, Z.
(2020) presented A questionnaire-based research was
presented to examine the usability of e-learning environments
containing academic presentations and sign language videos.
The results showed that deaf students who achieved the best
performance increase category were those who accessed sign
language videos most frequently[40].

2.2 Gamification in Education System

Shohieb, S. M. (2019) presented an e -learning system for
teaching mathematics, to deaf students Arab. The application
included different gamification components to motivate the
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deaf students . This program is supported with an Arabic Sign
Language (ArSL), using acting avatar. The results showed
that the proposed framework takes into account the
psychological needs of users, However, this system focused
on the use of gamification techniques [32]. Yigal and Meirav
(2015) In a set of studies, they examined the effects of the
points as a main element of gamification, on performance
in basic mathematics concepts. They found good results that
promote motivation and engagement of students especially
those of grades 6-8 [33]. Adeniyi, S., & Kuku, O. (2020)
presented a study to desplay the impact of experiential
learning and gamification on achievement in mathematics
for hearing impairment learners. This study used
Mathematics Knowledge Check (MKC) to collect , and
analyzed data. the results found out that using experiential
learning methods and gamification were of benefit to
hearing impairment learners [34]. Chebotareva, I., Pashutina,
0., & Makhova, V. (2020) presented application based on
gamification for Law students. the results desplayed that the
use of gamification in the learning process of law students
increased broadens their outlook , proactive capacity in
obtaining knowledge, revising information and interest in
learning new material[35]. also Bidarra, J and et al (2015)
studied the effect of utilizing gamification of content and
game design to learning Portuguese sign language interactive
and enjoyable. this study depended on involve students in
learning specific subjects using gamification approach
supported by ICT based tools. The results showed that
gamification can be added to ICT-based tools to improve
learning processes so that the acquired knowledge becomes
more memorable [36]. Gafni, Achituv, Eidelman and Chatsky
(2018) presented A study investigating The use of
gamification in e-learning platforms and its impact on student
learning The results of the study showed that the students who
studied through the electronic platforms that include the
elements of gamification were enthusiastic to continue
learning and showed high achievement in learning [37].also
Jagust, T., Boticki, I, Mornar, V., & So, H. J. (2017)
presented using gamification in digital lessons for students
who learning mathematics in primary schools in Croatia.
Gamification extensions and algorithms were designed to
integrated in digital lessons to improve engagement and
motivation of young learners’ in math learning. The results
desplay that gamification increases students' interest towards
learning compared to the non-gamified approach [38].These
results illustrate the importance of using gamification in
learning processes. Through the foregoing, it is clear that that
both the virtual learning environments and the use of the
gamification strategy have proven their effectiveness in
learning and achievement of students. To our knowledge,
there is no system available that uses virtual learning
environments based on Gamification techniques to build an
educational system to educate Deaf Arab students. so It is
necessary to test the effectiveness of using virtual learning
environments based on the strategy of gamification in the
learning process of students with hearing disabilities.
Therefore, this study evaluates the use of virtual learning
environments based on the gamification of mathematics
achievement among students with a hearing impairment.

2.3 Research Problem and Questions

According to the World Federation of the Deaf (WFD), in
addition to the results of a number of researches (Shohieb et
al. 2009; Abo EI-Soud, Shohieb 2010; Shohieb 2016, Shohieb
2019 ; Riad et al. 2013; Riad et al. 2014) they indicated that
about 80% of the deaf educated are considered semi-literate in
addition to (Adeniyi & Kuku <2018 ; Tanridiler, Uzuner &
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Girgin, 2015 ; Shelton & Parlin, 2016; Kritzer , 2005) they
indicated to the low achievement of deaf students in
mathematics, and mathematics learning was documented as
difficult, These results may be due to several reasons,
including:

The use of traditional methods in teaching, no using
technology, interactive and fun to help students learn
mathematics, and accordingly research questions were asked
to address the goal of this study as follows:

1. What are the effects of a Virtual Learning Environment
based on gamefication of deaf student achievement in a
mathematics course at primary school ?

2. What are the effects of a Virtual Learning Environment
based on gamefication of the mean scores in pretest and post
test of the experimental group.

3 METHODOLOGY
3.1 The Proposed System design

The iterative model was used in the design of the program,
this model allows overlapping the stages of planning, design
and development, which provides the opportunity to
accommodate the changes that occur even in the course of
implementation. Stakeholders in VLEMD are Teachers, Deaf
Students, and Administrators Figure 1 illustrates a use case
diagram for VLEMD. which Describes the role of each of
users in achieving the specific learning objectives.

‘ login
£ ‘ Course objectives

Submit score

Read help
Staff- admin ’

‘ Mange student activates

\~’\~ Edithis data

Communicate with other Implement

gamfication

answer questions
writing news
. Take lesson
: e_Quizzes

Search

text message

Student
attachments

Fig. 1. Use-case diagram for VLEMD
While the figure 2 illustrates the workflow of the VLEMD.

3.1.2 Roles of student

While the student’s roles include: modifying his data,
studying the contents of the lessons, following up on the
published news from the teacher, reading instructions on
using the environment in learning, performing quizzes,
communicating with the teacher and with colleagues through
e-mail, chat or forum, and Performing activities by raising the
required assignments, view the results of his quizzes, and use
the search engine to search for the information he needs in the
learning environment throw the internet.
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Fig. 2 The workflow of the VLEMD

3.1.1 Roles of admins

As shown in Figure 2, the admin’s (teacher) roles are:
Supervising students by adding a student, modifying student
data, deleting a student, monitoring student progress,
supervising news by adding, modifying or deleting news on
the bulletin board, and supervising quizzes by adding,
modifying or deleting a question and can display Reports
about students’ results in quizzes, write his notes in the
notebook, and communicate with students through the forum,
or e-mail or chat.

3.1.3 student and admin login

The VLEMD requires from admin and students to log in by
entering their names and passwords in order to achieve
privacy and security for the data. The password for their email
accounts can be used to log in as shown in the figure 3.

Fig.3 User login

3.1.4 The VLEMD graphical user interface

The VLEMD graphical user interface is designed for easy-
to-use interact with deaf students. It was reinforced with
Arabic sign language that deaf students understand so, that
they can identify the tools and functions in the learning
environment. The graphical user interface consists of several
areas, a top, a right, and a content area, as shown in Figure 4.
The upper area contains interaction tools such as logging out,
modifying data, chat room, e-mail, forum, search tool, virtual
classes, educational games and helps. The right area includes
the educational content such as, objectives, lessons, quizzes,
results. Notebook, news board. In the middle part, a video of
sign language is displayed for explain the content to the user.
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Fig. 4 The VLEMD graphical user interface

3.1.5 Template Based Content

The design of the lessons structure is based on content which
based on the use of templates. The use of templates in the
preparation of educational elements leads to a clear, organized
and easy design. Using different content block templates for
titles or content makes the deaf student easily distinguish the
displayed content such as, definition, task, summary,
exercises or solution. The content block is used to improve the
reading skills of the text for the deaf students. Figure 5 shows
the structure of the learning environment, which consists of
four parts: header, footer, right and middle. In the right corner
of the head part is a sign language video where the learners'
perspective is natural, which The use of a video explaining the
content of the lesson in sign language increases the motivation
of the deaf towards learning. as well as tools that define
control in interaction such as exit from the course, help, and
communication. A special icons has been included for each
functionality to identify easily by the deaf students. The,
footer part displays the navigation pan between pages, and
back to home. While the middle part is the learning and
working area, which displays the content of the lesson.
Finally, the right part displays the educational contents of the
lesson, such as lesson objectives, introduction, activities,
content, assignments, and tests.
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Fig. 5 Structure of the learning interface

The learning environment provides a virtual lab that enables
students to draw geometric shapes such as angles and
triangles of various kinds, frequently in order to gain practical
skill.

International Journal of Computer Applications (0975 — 8887)
Volume 183 — No. 21, August 2021

3.1.6 Gamified quizzes

in VLEMD, Students move from one subject to another
according to their personal abilities, the student can't move
from one subject to another until after passing the current
subject by at least 60%. At the end of the course, a test is
given to assess the learning outcomes. The VLEMD
provides quizzes based on gamification method. To design a
gamification system, several components must be taken into
consideration, such as defining the player, defining the task,
defining the way to motivate the player, defining the method
of management and measurement[ 40].

e define the player

In this step , students are classifed based on the level they
have reached in learning and their activties . The game is
divided into many stages, each stage special of a specific
lesson of the course. At the end of the lesson, a quizzes is
performed, which begins with identifying the players
participating in the current lesson, they are randomly
selected from the random selection panel as in Figure 6

Fig. 6 the random selection panel for players

. define the task

The player performs a quiz, he answers the quiz questions.
when  answered correctly gets a reinforcement, which is
moving the car forward a distance as in Figure 7, and gets
many points recorded in the score report. When answering a
question wrongly, he gets a reinforcement that the answer is
wrong and no points are scored for this question.

£yl st Sl Jragddll QSN a3
§ STPidin THE e LBy frividd SUSH b YUY s

Fig7. Question with its reinforcement answers which
displayed, and the design based on time

o define the motivates

Using badges to motivate players helps to achieve faster and
smarter than competitors. Figure 8 shows some of the badges
used in this quizzes. The player needs to reach a specific
number of points in order to get a badge. Also, using
challenges, especially with players with visual recognition,
can be motivated access to higher levels. In addition to
putting the player under the pressure of time and the
countdown works to motivate players in facing challenges as
shown in Figure 7.
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Fig. 8 Some of the badges used in the proposed quizzes

e |eaderboards

Leaderboards are one of the most widely used digital game
motivators, helping players to outperform their peers. It
represents a list of all the participants, it displayed the
ranking the participants by their performance compared with
the rest of the participants in the quizzes, based on the points
which they got. Figure 9 shows the design of the leaderboard in
this system.
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Fig. 9 Leader board

3.1.7 The report of Learner performance

The VLEMD provides all information about the results of the
assessment of quizzes, where the student can view a detailed
report about his performance in the quizzes. The report
includes information such as: test performance date, time
taken, lesson name, status, grade, number of points, number of
unanswered questions, number of wrong answers , and
number of correct answers . Figure 10 shows the student
performance report.

Fig. 10 The student performance report

In addition, communication tools in VLEMD provide ways
for deaf students to communicate with their teacher and
classmates

*The e-mail tool allows them to exchange mail messages
without having to log into their personal accounts. The tool
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provides dealing with messages through draft, inbox and
outbox, and creating a message

* The forum tool allows students to discuss topics related to
learning topics by putting messages and responding on them
from others

* The chat tool allows students to communicate with each
other and with the teacher.

4 EXPERIMENTAL

4.1 Participants

the participants in this study were selected from sixth grade
students in the first stage of education at Al-Amal School for
the Deaf and Hard of Hearing in Damietta - Egypt. The
experiment was applied to a unit of the mathematics course,
which consists of six lessons: Right- triangle , acute- triangle ,
obtuse- triangle, equilateral triangle , isosceles triangle,
scalene triangle. The experiment was implemented in a six
weeks of the academic year 2020-2021. The study used an
achievement test to measure the average scores of the
participants in the triangles unit, it consisted of 50 multiple-
choice questions, which were contained with the first three
levels in Bloom's classification which they are (knowledge,
comprehension and application). The practical skills test was
used. After legalizing the two tests.

4.2 Hypotheses

The following null hypotheses are considered, at the 0.05
significance level.

HOA: There will be no significant difference (p < 0.05) in the
average achievement scores of the experimental group
students in the pre and post test of the concepts achievement
test with its levels (knowledge, understanding, and
application) after completing the mathematics course that uses
a Virtual Learning Environment based on gamefication .

HOB: There will be no significant difference (p < 0.05) in the
average skills scores of the experimental group students in the
pre and post test of the practical skills test after completing
the mathematics course that uses a Virtual Learning
Environment based on gamefication .

5. RESULTS AND DISCUSSION

This study used one experimental group and applied a pre and
post test on the measurement tools. which used to verify the
effects of the proposed learning environment on the
achievement and performance of deaf students in
mathematics. As this method allows observing the treatment
of variables in order to verify the effects of the proposed
learning environment. The software package spss20 was
used to analyze the data collected from the pre and post tests.

First Test hypothesis 1:

To assess the difference between the mean scores of the
experimental group students in the pre and post achievement
test, the t-test for correlated samples was used. As shown in
Table 1, the average achievement scores for the post-test (M =
30.82, SD = 5.759) are much higher than for the pre-test (M =
11.38, SD = 3.943). Table 1 also shows that the t-value of the
group in the pre and post test ([49, n = 20] = 32.212, p =
0.001) and this value indicates that there is a difference
between the average scores of students in the pre and post
achievement in favor of the post test. this indicates to the
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rejection of the null hypothesis and acceptance of the
alternative hypothesis that VLEMD based on gamification is
effective in increasing the achievement of deaf students in
mathematics. Figure 11 shows the difference between the
mean scores of the sample participating in the pre and post
test of the achievement test with its three levels (knowledge -
comprehension - application)

Table 1 The t-test values for pr-post test for VLEMD
achievement test

Group M SD T DF Sig.
pre
11.38 3.943
32.212 49 0.001

Post 30.82 5.759

*p < 0.05. **p < 0.01

Differences between mean pre-and post-test
scores in achevment test

40
30
20
10 B mean (pre)
L 0 B mean (post)
SSES
NQERGIINR
O L &L
RO

Fig. 11 mean of student score in pre and post- VLEMD for
achievement test second Test hypothesis 2:

The other objective of the study is assess the mathematical
skills of deaf students after applying the VLEMD based on
gamefication in their learning. From Table 2, find that the
means scores of students in the post-test practical skills (M =
30.28, SD = 4.759) are much higher (M = 9.84, SD = 2.943)
for the pre- test. It indicates that the use of the VLEMD based
on gamefication was more effective in developing practical
skills in mathematics for deaf students. Table 2 indicates the t-
values of the experimental group in the pre and post-test t
([49, n =20] = 26.212, p = 0.000) and this indicates that there
is a clear difference between the means scores of the
experimental group in the pre and post application in values
related to mathematical practical skills. Therefore, the null
hypothesis was rejected and acceptance the alternative
hypothesis related to the effectiveness of using the VLEMD
based on gamefication in enhanced mathematical practical
skills to deaf students.

Table 2 The t-test values for pr-post test for VLEMD
based gamefication in skill test.

Group M SD T DF Sig.

pre 9.84 2943 26.212 49
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Post 30.28 4.759 0.000

+p<0.05, **p < 0.01

Differences between mean pre-and post-
test scores in skills test

40
30
20
(1)0 B mean (pre)
> (\@.-'é_,.r PR M mean (post)
X IR
QPN IO
ROEIRN NS
& ;
¢ &
Q;\%

Fig. 12 mean of student score in pre and post- VLEMD for
skills test

6. CONCLUSIONS

This paper proposes the development and testing of a virtual
learning environment (VLEMD) based on gamification for
deaf students. This environment aims to improve the
achievement and skills of deaf students in mathematics.
VLEMD are useful for teachers and students. The results
showed the positive of the proposed system in acquiring
knowledge and practical skill for deaf students in
mathematics. The VLEMD has been supported by a set of
tools that enable the teacher to manage learning and control
students and make it more attractive and interesting for deaf
students with visual awareness. Future research is needed to
adapt learning environments based on gamification to
increase the achievement and skills of blind students in
mathematics.
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