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Abstract—Serious games are prodigious tools for building
language, science and math knowledge and skills. Despite a
growing number of studies on using serious games for learning,
children with visual impairment have obstacles when playing the
games. Low vision children have a visual balance that can be
assisted with assistive technology. A 2D serious game for learning
Mathematics is developed using Unity for low vision children. In
order to enhance the game’s accessibility for low vision children,
accessibility elements have been implemented in the serious game
prototype. Those elements are screen design (buttons, menus,
and navigation), multimedia (text, graphics, audio, and
animation), object motion, and language. Upon completion of the
serious game, usability testing was done to identify the
accessibility of the serious game to low vision children based on
the usability level. The observation technique is used for
analysing the serious game. The overall usability score is good
based on aspects of effectiveness, efficiency and user satisfaction
tested.
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I.  INTRODUCTION

Nowadays, information and communication technologies
(ICT) are used in education. We can find a lot of educational
applications that can help young learners learn. Several ICT
applications are on the market, such as e-books, multimedia
courseware, and games [1] [2]. Gaming is a very popular
activity enjoyed by children. Thus, a serious game is the most
promising tool for helping children learn. A serious game is
used beyond entertainment [3][4]. Serious games are
prodigious tools for building language, science, and math
knowledge and skills. Despite a growing number of studies on
using serious games for learning, children with visual
impairments have obstacles when playing the games. There are
two categories of visual impairment: blindness and low vision.
Low vision children have a visual balance that can be assisted
with assistive technology. The World Health Organisation
defines low vision as visual acuity between 20/70 and 20/400
with a possible correction of 20 degrees or less [5]. Low vision
children have obstacles accessing graphical elements in games.
A preliminary study conducted by [6] indicates that low vision
has several accessibility issues, such as visual, animation,
audio, and navigation. They need to look at the graphical
elements from a very close distance because the size of the text
and graphics is small. The colour contrast between the graphics
and background is low. The choice of dark colour is unsuitable
for the children. They also have difficulties navigating the
menus and buttons in games. They also focus on one sound at a
time. Besides, fast animation movements affect their vision

when playing games. Thus, to ensure they can play the game, a
2D serious game for learning Mathematics is developed using
Unity for low vision children. This serious game runs on
mobile devices using the Android operating system. This
game’s storyline is about a rabbit named "Bunny" trying to
save his friends who a tiger kidnaped. Bunny needs to
complete the Mathematical tasks provided for each game level
to obtain the instructions and tools used in the next challenge.
Hints and tools will help Bunny save his friends from the tiger.
This game consists of three levels of Mathematical tasks,
which are based on the Mathematics Syllabus for Year 1. The
game’s content consists of an introduction to numbers, shapes,
addition, and subtraction.

Serious games should be easily accessible to low vision
children. The game design should be flexible, with an interface
adapted to the accessibility requirements of low vision
children. In order to enhance the game’s accessibility for low
vision children, accessibility elements have been implemented
in the serious game prototype. Those elements are screen
design (buttons, menus, and navigation), multimedia (text,
graphics, audio, and animation), object motion, and language.
The children can set the appropriate background colour and
contrast level to see menus and buttons more clearly based on
their vision level. The game’s navigation is designed to be
consistent throughout the game. The text size is large and
adapted to the children's vision. The background colour has a
high colour contrast. The use of bright colours and large
graphics are implemented in the game. Children can adjust the
background colour. Thus, children can easily identify and
move objects in the game. The background audio must be clear
and adjustable based on the needs of children with low vision.
Important objects in the game include background sounds to
help the children identify the position of the object. The game’s
task instructions are accompanied by background audio so
children can easily understand the game’s storyline. Besides,
the language used in the game should be easy to understand.
For the proposed serious game, the Malay Language is used
because it is used in learning Mathematics in primary school.
The movement of objects in the game can also be adjusted
according to the child's vision so that it is not too fast. The
movement of objects in the game is also minimal so that
children can control the game based on their needs. Upon
completion of the serious game, usability testing was done to
identify the accessibility of the serious game to low vision
children based on the usability level. Usability testing is
conducted to ensure the serious game fulfills the children’s
accessibility requirements. The serious game user interface is
depicted in Fig. 1.
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Fig. 1. Serious game user interface.

Thus, this paper presents the usability testing of Math
Game, a serious game prototype that was developed
specifically for low vision children aged seven years old. The
serious game is developed based on the accessibility
requirements of low vision children. The effectiveness,
efficiency, and user satisfaction of the serious game are tested
in the usability testing. The observation technique is used for
analysing the serious game. The usability testing aims to
identify the serious game's usability level for low vision
children.

This paper is organised as follows: Section | discusses
introduction, while Section Il describes the related work.
Section 11l describes the methodology and Section IV and
Section V discusses the results and discussion, respectively,
while Section VI presents the conclusion and plan for future
work.
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Il. RELATED WORK

The International Organization for Standardization (ISO)
9241-11 (1998) defines usability as the ability of a product to
be used by users to accomplish certain goals effectively,
efficiently, and with user satisfaction [1]. Usability also refers
to whether a product is easy to use. Usability testing allows a
product to be usable by target users to meet accessibility
requirements. Based on the 1SO 9241-11 definition, usability
consists of the following components:

Effectiveness: The accuracy and completeness with which
a user can achieve a certain goal in a certain environment.

Efficiency: The effort the user gives to complete a task and
achieve the objective of using an application or system.

User Satisfaction: User comfort and acceptance of the
system.

Usability testing is conducted to identify usability problems
before releasing the serious game in its real context. The
usability testing ensures the serious game fulfills the children’s
accessibility requirements. It is because both usability and
accessibility should be considered good design practices and
involved in system and application development stages. There
is some overlap between the concepts of usability and
accessibility. Accessibility enables particular users to access
ICT applications independently without accounting for their
disability. At the same time, usability refers to the ability of the
ICT application to carry out the intended function effectively,
efficiently, and with satisfaction when used by users.
Therefore, accessibility specifically refers to disabled users,
while usability refers to the general population. According to
[7], usability testing is also suitable for assessing ICT
applications for accessibility.

In human-computer interaction (HCI), usability is one of
the focus areas where specified users can use a product to
achieve goals effectively, efficiently, and satisfactorily [8].
When designing for usability and accessibility, a usability
study should be conducted on the ICT application. Usability is
defined as how efficiently user requirements are fulfilled [9]. It
has developed usability criteria for accessible websites based
on their effectiveness, where the user carries out tasks without
experiencing barriers such as clear link texts. For efficiency,
the user obtains the desired information quickly, and the
system is usable. In contrast, for satisfaction, the user feels joy
when navigating the website because the screen design
facilitates navigation by the disabled user and avoids the
accessibility barrier.

Several evaluation factors in usability testing include screen
appearance, consistency, accessibility, navigation, interactivity,
and content [8]. The literature comprises many usability testing
types, methods, measurements, and respondents. Besides,
usability research could be done in many forms based on the
scope and goal of the ICT application. There are activities for
usability research, such as focus groups, task analysis, user
observation, interviews, and surveys. The activities provide
insights into how users interact with the ICT application [10].
For example, from the observation and interview, the
respondent’s reaction when using the product will help the
researcher understand the user’s satisfaction with the ICT
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application [11]. A summative usability evaluation has been
done using observation and questionnaires to measure the
usability of the Mudah.my mobile application's efficiency,
effectiveness, and satisfaction [12]. Ten respondents are
involved in the study and will perform five application tasks.
Based on the study, the results show that the Mudah.my mobile
application is easy to use and consistent. A usability study was
also done using the Technology Acceptance Model to evaluate
the usability of virtual game-based simulation to help nursing
students improve their pediatric nursing skills [13]. The
methods involved heuristic evaluation with experts, think-
aloud activities while playing the game, and interviews. The
study shows high user satisfaction, and they learned about
pediatrics care easily. Observation has also been conducted to
evaluate the usability of the TVET m-learning application for
30 Multimedia Software Technology course students. A
questionnaire was used to measure the usability elements such
as system usefulness, ease of use, ease of learning, and user
satisfaction. A special room and tools, such as a video camera,
notebooks, mobile devices and task lists, are prepared for this
usability testing. This study’s results showed that students
accepted the TVET m-learning application, and the usability
score value was at a high level [14].

In addition, usability metrics have been implemented to
evaluate the quality of the ICT applications. However, the
metrics used for usability testing always change due to new
inventions in ICT applications [15]. There are numerous
usability measurement tools for usability testing. Website
Analysis and Measurement Inventory (WAMMI) is a usability
measurement tool that assesses website usability. WAMMI is a
questionnaire developed by the Human Factors Research
Group (HFRG). WAMMI comprises usability factors such as
attractiveness, controllability, efficiency, and helpfulness [16].
WAMMI is used to evaluate the usability level of the Ministry
of Education Malaysia (MOE) web portal and provide usability
enhancement based on the testing results. There are two stages
of usability testing, such as pre-usability testing to evaluate the
current web portal and post-usability testing for the web portal
that has been enhanced. The pre-usability testing result showed
that the usability of the current web portal was at a moderate
level. In contrast, the post-usability testing result showed that
usability improved significantly [16].

Besides, the Software Usability Measurement Inventory
(SUMI) was used as a usability measurement tool to measure
system usability. SUMI was used to evaluate user experience
when it was introduced in the 1990s. SUMI consists of
usability criteria such as effectiveness, efficiency, satisfaction,
error management, consistency, adaptability, and compatibility.
This evaluation tool assesses a semantic image retrieval
application, WebSIR. The results showed that 85% of
respondents were satisfied with this application, which is easy
to use [16]. Another study by [17] evaluated the usability of
South Tangerang E-Government using SUMI. Based on the
study, the usability scores of the e-government website are
taken as a benchmark for the system’s usability. The system
usability scores are 85 for effectiveness, 81.5 for efficiency,
and 725 for satisfaction. Thus, the usability of the e-
government website is good.
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A representative sample of users must conduct usability
testing because users are different and have different problems
[18]. Suitable usability testing methods and measurement
should be considered when planning the testing with users,
especially children. Usability testing with children consists of
introspection, direct observation, thinking aloud, and
interaction. Simple observation is used to observe users as they
perform their tasks. Thus, this technique has been recognised
as one of the best techniques for usability testing [19]. The
usability testing should be planned before it is conducted on a
real user.

I1l. METHODOLOGY

The usability testing method used in this study is direct
observation. The observation method is conducted to evaluate
the user experience of the product. This method involved
evaluating users by observing them carrying out the tasks
provided. Observations are conducted based on effectiveness,
efficiency, and user satisfaction. User satisfaction is subjective.
Thus, interviews were also conducted with low vision children
to get feedback regarding their satisfaction level with the tested
serious game. During the interview, emoticons (like, normal,
dislike) are prepared to observe the user's reaction to the game.
Observations will be recorded on the user satisfaction
checklist. Users are required to perform tasks using the
provided prototypes.

This usability testing used a selected study sample
conducted at Sekolah Kebangsaan Pendidikan Khas Jalan Batu,
Kuala Lumpur, and Sekolah Kebangsaan Pendidikan Khas
Muar. This testing involves fifteen to seven-year-old low
vision children (nine boys and six girls). In order to conduct
usability testing, there are ethics that the researcher must
follow. Since the testing was conducted during the COVID-19
pandemic, it complied with the Standard Operating Procedures
(SOP) set by the Ministry of Education. Before conducting the
usability test, consent from parents or guardians is required to
ensure that the study meets research guidelines and ethics. The
purpose of this research is also explained to the teachers
involved.

A. Usability Testing Procedures

The activities involved in usability testing include
determining the testing objective, preparing the instruments
and testing tools, identifying the task scenario, preparing the
testing checklist, and measuring usability testing. The testing
procedure begins with the preparation of the testing
instruments and tools. The testing procedure is further
explained in the following sections.

1) Determination of testing objective: This usability
testing was conducted to verify the accessibility of serious
games to low vision children. Evaluation is important to
ensure serious games accomplish development objectives. The
evaluation is conducted based on the 1SO 9241-11 definition,
which covers effectiveness, efficiency, and user satisfaction
concerning serious games.

2) Testing instruments and testing tools preparation: The
testing instruments are prepared before the test is conducted.
The testing instruments are reviewed by lecturers who are
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experts in multimedia and games. The testing instruments
consist of a serious game prototype, a usability testing task
list, an observation checklist, a video recording, and a screen
recording. Testing tools, such as tablets, a video camera, and a
screen recorder, are prepared to support the usability test.

3) ldentify task scenarios: Usability testing is conducted
by giving the user a task scenario while the user plays the
game. Researchers help users play the game when needed.
The task scenario is an action that needs to be performed by
the user during interface testing. The task scenario is based on
the game task instructions. The task scenario is prepared
according to the game screen and the game's design, such as
the start screen, the narration screen, and the game task screen.
Researchers use these task scenarios to ensure that all testing
activities are going as planned.

4) Testing checklist preparation: A checklist is prepared
based on the usability construct [1], [19], which consists of
effectiveness, efficiency, and user satisfaction. The usability
checklist consists of sixty-three items. Checklists are provided
based on game functions and actions that players need to
perform while playing the game. Table | shows the contents of
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task. Scores are then accumulated based on the three
observation options. The usability measurements are as
follows:

a) Effectiveness Measurement: Effectiveness measures
is the ability of the user to complete a task within the game. If
a task is completed successfully, a score of 5.0 will be marked
on the effectiveness checklist item. Half of the task is
completed or fails to complete; a score of 2.5 and 0 will be
marked on the checklist item, respectively. Table Il shows the
scoring guide for the effectiveness checklist item during the
observation.

the usability checklist.

TABLE II. EFFECTIVENESS SCORING GUIDELINES
Score 5.0 25 0
When the

children manage

to complete the Children completed

half of the task but
:ﬁSk succe_sbs_flqtlly, had several issues
€ accessibtlity as below: ’ Children do not
glc?;neinit]seﬁ)n- ) complete the task
children playing -(_:h_lldren haye ) below:
the game as dlfflc_ulty navigating )
below: certain buttons and -Children have a

menu displays on the
game screen, but

problem finding all

Details the menus and

-Children have no

roblem they can still button displays on
Eavigaﬁng the proceed with the the game screen.
button and menu | 92™M- _
display on the o -Children do not
screen -Multimedia understand the game
' elements do not instructions.
_Children consistently attract

understand the children’s attention.

instructions of the
game.

TABLE I. THE CONTENTS OF THE USABILITY CHECKLIST
Accessibility . .- User
Elements Effectiveness Efficiency Satisfaction
Children easily
Menu and Children can click | click on menus Children's
Button Screen | the menu and and buttons. reactions when
Design) and button functions. Children click on | they click the
Navigation the right menu menu and button.
and button.
| Themultimediaon | oiqeen click
Multimedia the screen are - - . .

- B . objects in the Children's
(Graphics, interesting for game easily reactions to
Animation, | children. Children do not | multimedia in
Text, and The audio used -

! confuse while the game.
Audio) appeals to lavin
children. playing.
Object
movement .
. - . Children's
Object Adju§table speed makes_ it easier reactions to the
of objects helps for children to o
Movement . - object’s
children to play. click on the movement
correct object in '
the game.
The language used | The language
in the game is used does not . .
Landuade understandable confuse or cause Eeg::lggilsto the
guag and suitable for children to make language used
the children's mistakes while guag '
ability. playing.

5) Measurement of usability testing: The measurement of
effectiveness, efficiency, and user satisfaction are measured

using the usability score [15],
observation options,

effectiveness,

[20].

There are three
efficiency,

and user

satisfaction, for the checklist, with the score represented for
each option. Scores are awarded based on completing each

Thus, the usability score for the effectiveness, X, is
formulated as:

X = (3. Score for each effectiveness checklist item) / Total
effectiveness checklist item (1)

b) Efficiency measurement: Efficiency is measured
based on the duration of task completion time, which is the
average task completion time. The average task completion
time is a reference in efficiency testing [21]. The efficiency
aspect is better when the user completes the task faster. The
efficiency checklist has three observation options, with the
score represented for each option. If the time is taken by the
child to complete the task is equal to or faster than the average
task completion time, then a score of 5.0 will be marked on
the efficiency checklist item. Whereas, if the time the child
takes to complete the task exceeds the average task
completion time, a score of 2.5 will be marked on the
efficiency checklist items. However, if the task fails, a score
of 0 will be marked on the checklist items. Table I11 shows the
scoring guide for the efficiency checklist item during the
observation.
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TABLE Ill.  EFFICIENCY SCORING GUIDELINES

Score 5.0 25 0

Some menus and
buttons in the game
are not selected
correctly. However,
they still could
proceed to play the
The assistance game.

provided when
children play the
game is minimal.

Children choose
the right menu
and button based
on the game
function

Children are
difficult to choose
the right menu and
button.

Details
Children play the
entire game with
assistance from the

Some of the tasks
researcher

require help.

Thus, the usability scores for the efficiency, X, formulated
as:

X = (3Score for each item of efficiency checklist)/ Total
Efficiency Checklist item 2

c) User satisfaction measurement: User satisfaction
measurement consists of like, neutral, and disliked. A 5.0
score will be marked on the user's satisfaction checklist items
if a child likes the serious game. If the child's reaction is
neutral, a score of 2.5 will be marked on the checklist items,
and if the child does not like the game, a score of O will be
marked on the checklist items. Table IV shows the scoring
guide for the user satisfaction checklist item during the
observation.

TABLE IV.  USER SATISFACTION SCORING GUIDELINES

Score 5.0 25 0
gr:g?irc?)nnzhow Child_ren show ) Child_ren show )
provided with emoticons prov!ded emoticons provided
"happy" signs Wlt_h "neutral” signs. Wl_th_5|gns
Children can ’ Children can focus "dislike".

Details focus on playing on some of the Children are not
the game games. focu_sed while
Children .finish Chllfjren_ stop pla_ymg the game.
the game playing in the middle Chl_ld_ren are unable
successfully. of the game to finish the game.

Thus, usability scores for the user satisfaction category, X,
can be formulated as:

X = (X Score for each item of user satisfaction checklist)/
(Total User Satisfaction Checklist item) 3

The average value of each usability category is considered
the use score for that category. The overall usability score is
the average value of usability scores for three usability
categories. Thus, the overall usability score, X, can be
formulated at Table V:

TABLE V. USABILITY SCORE
Weak Moderately Good Good
0<x<249 25<x<349 3.5<x<5.0

6) Implementation of usability test: A pilot study is
conducted on the instrument to test its reliability before it is
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used in the actual testing. The pilot study involved a sample of
five to seven-year-old low vision children. The pilot study was
conducted to ensure that the assessment faced no problems.
Through a pilot study, children's reactions, behaviours, and
play tasks can be recorded. During the usability testing,
children played the game with minimal assistance. The camera
is used to record testing sessions. Screen recorder software
records children's activities on the screen when playing the
game. During the observation, researchers must observe the
child's actions and reactions to the game tested. Children’s
actions in the game are recorded on the provided task scenario
checklist and transferred to the usability checklist. Scores are
given on the user’s achievement in the task, which is recorded
on the usability checklist based on the effectiveness,
efficiency, and user satisfaction constructs. The data collected
was analyzed with a descriptive analysis method. Fig. 2 shows
the usability testing preparation.

| ',“ “*l‘

Fig. 2. Usability testing preparation.

IV. RESULTS

The usability measurement is done by analysing the user's
success in completing tasks. Usability data is collected as a
usability score and determines whether the game design goals

314|Page

www.ijacsa.thesai.org



(IJACSA) International Journal of Advanced Computer Science and Applications,

are achieved and the need to improve the serious game. A
user's success score indicates how successful the user is at
completing a task. Scores are then accumulated based on three
categories of usability: measurement of effectiveness,
efficiency, and user satisfaction.

Based on the analysis, the effectiveness score for the game
screen is 4.74. The children complete the tasks successfully on
the game screen. Children begin to adapt in the early stages of
the game. They make mistakes when selecting objects in the
game and choosing the wrong answer. However, they can still
reselect the correct button and complete the task. When the
children can play at a higher level in the game, the user can
adapt to the game interface. Fig. 3 shows the graph of the
effectiveness score for each screen.

Effectiveness Score for Each Screen

-

Mean of Effectiveness Score

Screen

Screen 1 Story  Screen 2 Level 1 Screen 3: Level 2 Screen 4: Level 3

Fig. 3. The graph of effectiveness score.

Efficiency scores are given based on the time it takes to
complete the task and efficiency measurement metrics. For the
level 1 task, the average time the children took to complete the
task was seven minutes. Children need more time to complete
games because they begin to explore the game interface and
begin to adapt to the game environment. The average time the
children complete the level 2 and level 3 tasks is five minutes.
At level 2 and 3 game tasks, children become more efficient at
playing games because they can already adapt to the game
interface and environment. They already understand how to
play the game. The efficiency score is 4.55. Based on the
usability score, the efficiency level is good. The game task can
be executed smoothly and easily. Serious game efficiency
analysis shows children click on the right buttons and menus to
play the game. The assistance given to children is minimal, and
they easily correct mistakes. Therefore, children can play the
game easily and smoothly. Fig. 4 shows the graph of the
efficiency score for each screen.
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Efficiency Score for Each Screen

5.007

4.009

3.009

2,00

Mean of Efficiency Score

1.007

0.00¢ T T T T

Screen

Screen 1. Story Screen 2; Level 1 Screen 3: Level 2 Screen4: Level 3

Fig. 4. The graph of efficiency score.

User satisfaction is measured based on the user’s feelings
when playing serious games, such as their reactions to screen
design, buttons, menus, and games. For user satisfaction
constructs, the user satisfaction score is 4.92. Based on
usability scores, the level of user satisfaction is good. This
shows that the children react positively to playing the game.
Children react positively to the game interface, such as buttons,
menus, graphics, and animations. Multimedia elements such as
audio and in-game animations also attract users to play games.
Fig. 5 shows the user the graph of the user satisfaction score.

User Satisfaction Score for Each Screen

B

Mean of User Satisfaction Score

-

Screen

screen 1: Story Screen 20 Level 1 5creen 3: Level 2
Screen 4; Level 3

Fig. 5. The graph of user satisfaction score.

Based on aspects of effectiveness, efficiency, and user
satisfaction tested, the overall usability score is 4.76, which is
good. Based on descriptive usability analysis, elements of
accessibility such as screen design (buttons, menus, and
navigation), multimedia, language, and object motion are
important in increasing the usability of serious games for low
vision children.
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V. DISCUSSION

In the context of the usability of serious games,
accessibility elements such as screen design, multimedia,
language, and object motion help children complete the game
successfully. The game interface features a simple screen
design with larger buttons, menus, and icons to prevent
accidental clicks, enabling children to interact with the game
easily. This is consistent with a previous study by Allah et al.
[22], which found that screen design elements such as menus
and buttons were considered for improving the usability of the
user interface.

Animations provide visual and auditory feedback when
objects are selected or actions are performed, aiding children to
choose the correct answers during gameplay. This finding
aligns with the results of Ghanouni et al. [23], who emphasized
the important role of animations in game design for children.
The game also includes audio to assist children with low vision
in understanding the content. The option to adjust audio
volume ensures that children can set it to a comfortable level or
mute it if needed. This outcome demonstrates that background
audio associated with objects in the game assists users in
selecting the correct object or answer, as reported by Najjar et
al. [24].

Brighter colors are used for important in-game objects. A
good contrast between text, graphics, and background colors
enhances readability, allowing children to easily identify
important object. Concise language helps children understand
and follow the game's tasks, and these findings are in line with
previous research conducted by Benaida [25]. However, this
study goes further by demonstrating that object speed can be
adjusted based on children's preferences to help children
control the game.

Furthermore, when children navigate the game interface
without confusion, they enjoy the gameplay and feel satisfied
with the experience [26]. Multimedia elements make the game
more enjoyable for children [14]. When children can easily
understand the gameplay and objectives, they experience a
sense of accomplishment and satisfaction. Positive
reinforcement through sounds or animations can keep users
engaged and motivated [27]. Therefore, the use of accessibility
elements on each screen is important for helping low vision
children play games.

VI. CONCLUSION

In this study, usability testing on a serious game was done
successfully, involving low-vision children playing the game.
The testing has been done through observation. The results of
usability testing show that the effectiveness aspect achieved a
good average score of 4.74, while the efficiency aspect
obtained an average score of 4.55. Moreover, the user
satisfaction aspect received a high average score of 4.92. Thus,
the overall level of usability is rated as good, with an average
usability score of 4.76. Accessibility elements such as
multimedia, screen design, language, and object motion
enhance the usability of serious games. With this testing, the
prototype will be more usable. Therefore, this serious game
meets the usability aspects of serious games for low vision
children. In conclusion, this study shows that this serious game
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is useful for children with low vision. The design of this game
helps children play and learn more comfortably and improves
their play experience. Future research could be done on
designing an accessibility design for serious games for other
disabilities, and new technology, such as artificial intelligence,
could be implemented into the game design.
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