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Children with mild mental retardation had several difficulties with
interaction, remembering information, problem-solving, physic-motoric,
learning problem, etc. Therefore, we proposed a novel framework to increase
their learning skill using instructional thematic game rehabilitation
framework based on Kinect sensor as the solution. Basically, the framework
had three components. First, intellectual functions, which implied to the
competencies reached through the game by the student. Second, instructional
thematic game model, which was the concept to learn everything from the
real single topic of the subject by associating to the abstract objects. Three,
computer sensor device, which was the equipment as the bridge between the
children and the program application. This research covered enhancement of
right and left-hand recognition. We adopted Single Subject Research to

evaluate the effectiveness of the system and to explore each of the
individual’s progress. This process was divided into 2 steps. Namely,
baseline stage and treatment stage. Apparently, from our finding, such
framework gave the student an enhanced learning skill covering left-right
recognition skill, decreasing the level of disturbance, and improving the level
of learning independence.
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1. INTRODUCTION

Mental retardation has significant intrusion or limitation in intellectual function and adaptive
behavior. One category of them is mild mental retardation (MMR), which has an attribute of the intellectual
function or 1Q value in the range 50 — 70 and also has several difficulties with interaction, interpersonal,
remembering information, problem-solving, physic-motoric, etc. [1-3]. Although MMR makes children
undergo difficulty to increase their knowledge and skill, they are classified as educable students with the term
of education area. Thus with appropriate supports and approaches, individuals with MMR can usually live
successfully in the community [3], [4].

The children with MMR need full attention, supervision, guidance, and assistance. One of the ways
in supporting them is to provide the assistive technology system, which can give them easiness in improving
their difficulties. Some researchers have conducted research to facilitate them with the game application to
improve their motivation and cognitive behavior [5-8]. Others have enhanced the research in the cognitive
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and learning the skill through combining kinesthetic and games, by providing some equipment as a media to
learn from. These media can improve their skill [9-12] but they have not provided the way how to improve
their learning skill based on the instructional thematic game. Consequently, the main purpose of this paper is
to improve their learning skill through rehabilitation based on the instructional thematic game (ITG). It gives
the important role for them to indulge in the immersive learning in various activities and also is oriented to
encourage the children with MMR at the age of 8-12 years old.

2. ITG REHABILITATION FRAMEWORK

The learning skills are a generic heuristic that enables mastery of specific domains or skills. Three
important aspects related to its definition are the skills are specific domain and knowledge-rich, the skills
describe an integrated transaction between the person and the environment, and the skills are developed by
practice [13]. In addition, the learning skills are often broken down into the skills of thinking and problem-
solving, information and communication, and interpersonal and self-management [14]. Improving the
learning skills for the children with MMR will become one of the solutions to their difficulties. Based on the
previous research, how the way to enhance learning skill is by making exercising [15-18]. Therefore, we
propose the framework formed in the assistive technology system to help them increase their learning skill in
easy, simple and fun ways. This research paper covers learning skill enhancement with the topic on mastering
the concept of right and left-hand based on the ITG rehabilitation framework defined as the structure of
rehabilitation for the children with MMR. It has three supporting components, namely, computer sensor
devices, the instructional thematic game, and intellectual function as shown in Figure 1.

Intellectual Functions
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Figure 1. ITG Rehabilitation Framework

2.1. Computer Sensor Devices

The learning process can be fitted due to the condition which enhances the learning skill of the
children in kinesthetic ways. The children will enjoy the game digitally aimed to improve their learning base
on the particular topic due to the instructional design at the school. The children with MMR may not be able
to hold a console of the game devices to play the game. It will risk for them. Therefore, we put the sensor
such as Kinect to displace the console devices to detect their motions. In addition, we can explore their
potential through interaction with the game application. It will also be processed and recorded as the entry
item by the sensor, then it sends the signal to the computer, then finally it reflects on the children's
application through the screen as shown in Figure 2.
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2.2. The Instructional Thematic Game Model

The instructional thematic game provides a rule of thumb for the children. It facilitates the
opportunities for them to learn everything from the real object by associating to the other abstract subject
without ignoring the meaning of each subject of the lesson [19]. This component comes up as the solution for
the children with MMR who are not able to recognize something in the abstract. They do not know the
meaning of the abstract subject such as mathematics, science, interaction, problem solving, etc. Therefore,
they will only know something appearing in front of them visibly or in the concrete existence. This model is
divided into three components. First, the topic means as the material given to the children, which relates to
the concept of right and left-hand. Second, the stories represent the scenario undertaken on the game. Three,
the task is the transformation of the children’s functions in order to be more definitive in the activities form
and also as the activity scenario to play for the children in front of Kinect. The stories and the task are
discussed in detail in the following Table 1.

2.3. The Intellectual Functions

The intellectual functions are the most important component because it implies whether their
competencies reach through the game. This component is revealed from the children with MMR difficulties.
In this paper, the children’s functions covering their diverse limitations are interacting, remembering the
information and problem-solving. Those functions are the referenced criteria which must be increased. Each
of children’s functions is discussed in detail in the following Table 1.

Table 1. Intellectual Achievement

No TEE Ch-lldren The Children Task on Game Game Stories/ Scenarios
unctions
1  Children learning The Children watch and learn the video asa It is set on Video Mode: The animal appears to the
(insights) narrative introduction of the game (a starting point randomly one by one. It leaves the starting
demonstration mode). point to its cage by themselves. While there is an installed

poster on each of the left and right side. The poster using
a different side of hand associated with different animal is
showed largely on each of side.

2 Interaction The children raise one of their hands to lead  The animal appearing on the starting point will go to its
the certain animal to each of the different cage after detecting the raised hand. Either correct or not
cages. For instance, the right hand is for the it will go through.
horse and the left hand is for the tiger.

3 Remembering on The children recall their memory or remind The animal coming up on the starting point will be
information the animal associated with each of their alternately turn one to each other. For instance, if the first
hands. time, the animal appearing on the starting point is a horse,
4 Problem Solving/ The children can determine and analyze and then the subsequent animal appearing might be a tiger
Exercise to take a which hand should be raised if the next or the same type of the animal at the first stage, since it is

good Judge animal appears on the application screen. set randomly.

2.4. Program Application

The design of the game is oriented to give the concept of the right and left hand associated with the
specific animal respectively. We assign that the right hand represents a horse and the other represents tiger.
On the application, the animal randomly appears one by one on the game display. Then, the children stands
up in front of the Kinect sensor to have interaction by raising one of their hands to lead such animal to the
correct cage. If it is correct, their hand meets the determined animal and they will get a point. On the other
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side, since the object comes up and leaves on the game display one to each other, it can make the children
remember and remind again the information relating to the material associated with the animal. In addition,
they have to solve the problem by determining which of their hand should be used in order to make the
animal goes to the correct cage. The design of the game application interface is divided into 2 modes.
Namely, the demonstration mode and the application mode.

2.4.1. Demonstration Mode

The main purpose of this mode is to give an introduction material related how to play the game and
also to reinforce their understanding. In this mode, we first provide the narrative introduction that they can
recognize the animal moving automatically from the starting point to each of its cages. The animal appears
one by one randomly at the starting point, both of the animals have different cage to make sure that those
animals will not fight together in the same cages. The cage is signed by the specific part of the hand and a
picture of the animal over each of a poster.

2.4.2. Application Mode

After the children learn from the narrative introduction about the game, then they play the game. In
this part, there are 2 different application programs that must be gone through. Each of them has 2 different
animals, tiger and horse. These animals come up at starting point one by one randomly. When one of the
animals appears at the starting point, the children should lead the animal into the cage by raising their
suitable hand as interaction with the animal. The game application program is started by the front side of the
application interface as shown in figure 4a. And then, it is followed by the rear side of the application
interface as shown in Figure 4(b).

The result of the game application depends on the value of the corrected interaction. When the
children do the game application, they have to raise their hand. The application system will record and show
on the correct and incorrected-raising hand respectively on the application game display as shown in
Figure 4. Each of the value will be calculated to determine whether the children complete the game or not. If
the value of the corrected item is more than the standard value which have been fixed in advance, the
children succeed to complete the game. Otherwise, the children should repeat the game again from an earlier
stage of application.

Fault Counter: 2 I

a. The front side of the application mode b. The rear side of the application mode

Figure 4. (a) The front side of the application mode, (b) The rear side of the application mode

3. RESEARCH METHOD
3.1. Participant

The process of rehabilitation activities was followed by 5 children as the participants who had
MMR. They came from 2 different areas of the school, one was from rural and the other was from urban
school. The children were 10 years old in average and also they were on the 3" level of the class in the
primary school of special education.

3.2. Research Procedure

The method used in this research was a single subject research [20-21]. This process was divided
into 2 steps, namely, the baseline stage and the treatment stage as shown in the Figure 5. The baseline stage
was aimed to recognize the participant condition at the earlier stage. This stage had 2 activities, those were
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discussing with the teacher and pre-identification. And the other was the treatment stage, which was oriented
to do treatment to the participant. This stage also had 2 activities, narrative introduction and game play.

3.3.

Discussion with the Pre - Narrative
teacher identification introduction

.‘— A. Baseline ,' ,' B. Treatment I

Figure 5. Single Subject Research Procedure

Game play

Procedure of baseline stage was following:

Discussion with the teacher. This step was done to have an information in detail about the children who
would have rehabilitation. On the other side, the teacher was involved in taking care of the children with
MMR through the application to make the student feel relieved at the first time they played.
Pre-identification. This process was done to recognize the condition of the participant before the game
started (Preliminary Description) by giving some questions to the participant. The goal of the questions
was to identify the participant’s understanding in the concept of right and left hand. We provided all 9
question items. It was divided into 2 classifications. The first category had the truly same 5 questions,
which related to the main question about the right and left-hand concept and was aimed to emphasize
consistency of the children in answering the question because the answer only had 2 conditions, that was
left or right hand. The second category had 4 items with the open question and aimed to determine their
ability to mention their daily activity, such as parent’s name, the animal’s name near to their
environment, favorite animal, and their class level.

Procedure on the treatment stage

The narrative introduction. This step was oriented to give the knowledge related to the left and right-
hand concept associated with the different animal respectively and the way how to play the game. They
watched the narrative introduction displayed before the game started.

The game play. This step provided the game for the children to play by themselves after the introduction
stage. It was oriented to implement the right and left-hand concept. In this stage, the result of the game
was recorded through the application system. In addition, there were some rules of the game to make the
participant had a maximum result in playing the game. First, the room condition must be conducive to
conduct the game. There was no one else who could hamper the participant’s concentration because it
was easily broken, then they would not want to learn. Second, we put a white strip line to make them
stayed in the right position in front of the device. Finally, the period to play the game was conducted in 3
sessions.

Measurement Variables
In order to measure their learning skill improvement, we used the following valuables:

Mastering the material, the indicator was the children were able to master the concept of right and left
hand. The gain would be achieved by a comparison of the data before and after the children played the
game. Which is to say the data resulted before the game started was retrieved by doing pre-identification
by questioning the children related to the material and the data resulted after the game finished was
retrieved by the program application.
The disturbance level, this indicator was signed by the children doing any other activities out of the
ordering such as they paid attention to the other object, run around the area of the game, moved their leg
or others, etc. Those activities could be counted as the disturbing level and hamper their learning [22].
Otherwise, the ordering activity was only just raising the left and right hand, so they could focus to play
the game. If the level of disturbances would be going down since the game started until the game
completed. That mean, they had an improvement in their learning,
The independence level, this area was signed by the children who could complete the game during all the
sessions independently. As the indicator, the children run the game by themselves or it might be assisted
by their teacher. In order to make it simple in classifying the children’s independence, we made the
conversion values for the level of independence. The following criteria were aimed to recognize the
independence of the children.

a. 0= value for the children who do not pay attention or have an interest in conducting the game.
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b. 1 = value for the children who have the desire to complete the game but they still need full
assistances from the teacher.

c. 2 = value for the children who have the desire to complete the game but they need a few assistances
from the teacher.

d. 3 =value for that student who have the desire to complete the game fully by themselves.

4. RESULTS AND ANALYSIS

The data resulted from all the activities were shown in Table 2. It would be processed according to
each of the measurement level criteria. Those data represented the learning skill started from disturbance
level, capability level, and mastering the material. We would like to confirm that the result is appropriate to
some of the values. Those are first, the contents of software are age appropriate. Second, this educational
software is able to reach educational goals and is used as a tool educational entertainment. Third, these
programs promote independent learning [15].

Table 2. Data of participant

1 Name : D L \Y A M
2 Age : 9 9 11 10 11
3 Class level : 3 3 3 3 3
4 Syndrome : MMR MMR MMR MMR MMR
5  Pre Identification: :
1 Do you know which one of : X \% X \% \Y
your right hand or left hand?
2 Do you know your parent : X \Y% \Y \Y \Y
name?
3 Do you know which one of : X \Y X X \Y
your right hand or left hand?
4 Do you know the animal name : 1AN 2 ANs 1 AN Many ANs Many ANs
around you?
5 Do you know which one of : X \% X \% \Y
your right hand or left hand?
6 Do you know your favorite : X \Y Y v v
animal?
7 Do you know which one of \Y X \% \% X
your right hand or left hand?
8 Do you know your class level? X \% X X X
9 Do you know which one of X X X X \Y
your right hand or left hand?
Total Pre- Identification 1 3 1 3 4
6  Session 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
7  Post-identification 3 3 5 1 2 4 3 3 4 3 3 3 4 5 3
8  Independence level 2 2 3 1 2 3 1 2 3 2 3 3 1 3 3
9  Disturbance level 2 2 1 0 0 O 2 1 1 3 2 2 2 1 1
Note:
MMR = Mild Mental Retardation
AN = Animal's name

Many ANs = More Than 3 AN
X (Incorrect answer) and V (correct answer) related to the right and left-hand concept
X (Incorrect answer) and v (correct answer) had no relation to the right and left-hand concept

4.1. Mastering the Material

This area was oriented to measure the children’s learning skill. Therefore, the data used were related
to the children’s correct answer of the right and left-hand concept as the specific skills. Based on Figure 6,
the participant initialled D had a good result with increasing 100% since she showed maximum correct
answer at the end of the session. The other participant initialled L and V had a progress respectively 20%,
and 60%. In addition, the progress trend since the first till the last session, for participant D, L, and V had
undergone an increasing correct value. Except, the one initialled A, he had the same value between pre and
post-identification, and also the other participant with initial M who had a downgrade at the end of the
session but actually had a good trend since the first and second sessions. Even in the second part of the
practice, he showed a perfect value with 0 mistakes but at the last session, his value was smaller rather than
the previous session. As the analysis, he might be a bit nervous in doing the practice.
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Correct Answer Comparation
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Figure 6. Correct Answer Comparison

4.2. Disturbances Level

This area was leveraged by the children intrusions. All these activities were counted to know the
disturbance level. Otherwise, the activity just in the order was only raising their left or right hand. The data
from Table 2 relating to disturbance level had converted into the chart in Figure 7. Based on it, which the
disturbance trend graph for all the participant was getting down. In the earlier stage most of them had a
bigger value of disturbance level. But after several sessions, the result was getting better. Some of them at
the starting phase had done some unnecessary deeds such as they played around whole the corner of the
game area, played on some of the computer devices, revolved around the devices sensor, etc. But after
having another session they could reduce that unnecessary deed, even they could complete the game almost
with no disturbances, like what had shown for the participant with initialled L. So, they could learn the
concept with less disturbances.

Disturbance Level

-] =M V =¢=A =D
3
S
c
82 O—— —— —X
2
[a)
Y—
O 4
= 1
>
<5
i
0 O L il
0 1 Sessions 2 3

Figure 7. Disturbance Chart

4.3. Independence Level

This area showed the independence ability of the children to complete the game. As the indicator, a
participant could play the game by him/herself or it might be assisted by the teacher. Y axis was representing
the level of the children in doing the game, it had ranged from 0 — 3 and X-axis was representing a period in
conducting the game. The data showed in the Table 2 which had been converted into the graph.

Based on Figure 8, on the first session all the children need full assistance from the teacher. But on
the second part of the session they started to do much better in doing the game with a little assistance and the
subsequent session particularly session 3 in average they could do by themselves without assistance from the
teacher anymore. Therefore, in general, all participant had a significant progress in game operation, their
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potential ability would be improved if they could be positioned in the suitable treatment. It can show us that
they can do better to have independence learning.

Independence Level

—f—| ——D \Y M A

Level Of Independence
N w
s
%

2
Sessions

Figure 8. Capability Chart

5. CONCLUSION

The children with MMR had been treated by the ITG rehabilitation to encourage them to learn. As
the result, they could recognize the right and left-hand side. It was proved by the value of correct answer that
they had undertaken, most of them has much progress in learning skill. In addition, the other variable such as
disturbance level and independence level can support them in the way they learn to achieve the learning skill.
For instance, in independence level, they can undertake the game application by themselves, even though in
the earlier of practicing process they need assistance fully from the teacher. In disturbance level, they can
eliminate the disturbance over the session they go through. For future work, we are going to handle another
variable of an intellectual function using speech detection. It will be implied to another concept of material
with the different way of detection. It would try to improve their speech articulation through voice detection.
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