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ABSTRACT

Individuals with autism spectrum disorder (ASD) can enhance their educational experiences with
mobile applications. Furthermore, previous studies indicate that utilizing creative art has a positive
impact on Autism spectrum disorder students’ (ASDs) educational performance as well as behavior
and attention. This study aimed to design a creative arts-based mobile application (CABAMath)
to improve mathematical skills for ASDs with level 1 severity based on DSM-IV. By utilizing
the Fuzzy Delphi Method (FDM), the study seeks to determine consensus among experts on
appropriate elements for CABAMath’s design. Key findings include consensus on the CABAMath
app’s objectives and content, including numerical abilities and understanding shapes and sizes. The
instructional strategies for the app include simple games and reinforcement, as well as features for
customizable skills and progress reports. The CABAMath approach based on creative arts include
coloring, drawing, and painting. Future research may explore the implementation and evaluation
of CABAMath to determine its usability and effectiveness.
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for ASD individuals (Asahar et al., 2021).
However, developing independent living
skills encompasses proficiency in practical
academic skills such as mathematics (World
Health Organization, 2023). Nevertheless,
over 25% of students diagnosed with ASD
experience notable difficulties with the
abstract concepts in mathematics (Siregar
et al., 2020). Additionally, ASD students
exhibit characteristic difficulties, which
vary across a spectrum, such as short
attention span and limited cognitive capacity
(Peklari, 2019). For the effective teaching
of academic skills to individuals with
ASD, instructional approaches need to be
tailored to their needs (Tan & Kastberg,
2017). This is to organize students’ thought
processes, thereby enhancing their cognitive
development (Siregar et al., 2020).
Research indicates that ASD children
tend to prefer technology-based learning
methods over traditional approaches
(Tashnimetal., 2017). Hence, by developing
user-friendly mobile applications with
pedagogical purposes for ASD individuals,
there is the potential to enhance their
mathematical skills (Munoz et al., 2018).
Further, the literature suggests that the
creative arts can develop ASD individuals
across multiple intelligences (Maykel &
Kaufman, 2022). Despite this, creative
art for educational purposes has received
limited attention in the literature. While
numerous studies have explored the
development of mobile applications with
a variety of strategies in mathematics for
individuals with ASD (Hassan, 2020),
there is little research on creative arts.

Hence, it is critical to determine whether
a creative arts-based application could be
designed for teaching mathematical skills
to ASD students. The potential of creative
art integrated in mobile applications
for mathematics education needs to be
considered. The lack of utilization of
creative arts in mathematical learning
applications represents a notable gap in
the existing literature, warranting further
investigation and exploration. Hence, this
study aims to gather experts’ consensus
to identify the appropriate elements
of a creative arts-based application
(CABAMath), to enhance mathematical
skills among ASD students who exhibit
level one severity according to the DSM-
IV criteria.

LITERATURE REVIEW

Mathematics Applications for ASD
Children

Previous studies have predominantly focused
on developing mathematical applications
for ASD children, covering foundational
numerical skills such as numbers below 100,
addition, and subtraction (Che Ku Mohd et
al., 2020; Tashnim et al., 2017), with limited
attention to multiplication, division (Che
Ku Mohd et al., 2020) and calculation with
money (Ntalindwa et al., 2021). Moreover,
a few studies have addressed basic topics
such as size, shapes, and colors (Winoto et
al., 2018).

The strategies employed in previous
studies predominantly involve interactive
(Che Ku Mohd et al., 2020;
Winoto et al., 2018), supplemented by

games
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visual images (Karanfiller et al., 2018),
quizzes (Sweidan et al., 2022), dotted
lines (Tashnim et al., 2017), and semi-
concrete visual drawings (Kahveci et
al., 2023). However, some studies have
highlighted the lack of comprehensive
instructional approaches that effectively
engage and motivate individuals with ASD
(Fernandez-Batanero et al., 2024).

Creative Arts for Learning Among ASD
Students

Creative arts utilized alongside various
learning activities have shown promise
for ASD individuals (Bawazir & Jones,
2017; Famildardashti et al., 2024). Art
activities help develop problem-solving
strategies, fosters creative thinking in a
secure environment, promotes focused
engagement (Lowe, 2016), and enhances
ASD individuals’ understanding and
perception abilities (Allahverdiyev et al.,
2017).

Art integration is recognized for its
role in facilitating the effective transfer
of knowledge and skills across various
domains, encouraging students to make
connections between different disciplines
(Hardiman et al., 2019). Engaging students
with art promotes their confidence,
enjoyment, motivation and engagement
in learning and participation in classroom
activities, fostering connections and
understanding of curriculum content
(Papachrysanthaki, 2022; Saunders, 2021).
Furthermore, art integration enables visual
representations that empower ASD students
to take a more active role in their education

(Papachrysanthaki, 2022). According to
Bin et al. (2023), visual arts integration
has emerged as a promising approach
to enhancing engagement and academic
outcomes for students with special needs.
Existing research has explored the
effects of art integration in various subjects,
such as science (Hardiman et al., 2019),
social-emotional skills (Anderson & Valero,
2020), ASD students’ academic achievement
(Navei et al., 2022), language development
(Spence, 2014), STEM (Butera et al., 2016)
and geometry (Bin et al., 2023). However,
art integration in teaching mathematics to
ASD students has received little attention.

Theoretical Framework

There are two theories that are related to
the current study. 1) Piaget’s Theory of
Cognitive Development ; and 2) Mayer’s
Cognitive Theory of Multimedia Learning
(CTML).

Jean Piaget’s theory of cognitive
development delinecates stages of
intellectual maturation in children. This
theory underscores the significance of play,
exploration, and hands-on experiences
as fundamental components of learning
(Pakpahan & Saragih, 2022). According
to Piaget’s theory, students require a
curriculum that supports their cognitive
development by helping them acquire
concepts and progress logically (Lefa,
2014). Therefore, CABAMath needs to
accommodate differences in thinking
quality. Piaget emphasizes the importance
of active learner engagement in the learning
process. By incorporating a creative art
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approach into CABAMath, learners take an
active role in tasks.

Piaget’s theory acknowledges individual
variations in cognitive development
(Lefa, 2014), and hence, the CABAMath
application organizes one-to-one activities.
By understanding ASD students’ cognitive
levels, teachers should adjust their teaching
methods accordingly.

Mayer’s Cognitive Theory of
Multimedia Learning (CTML) holds
particular significance in the field of
education, focusing on problem-solving
and the creation of educational multimedia.
According to this theory, the concurrent
presentation of visual and verbal information
maximizes learning effectiveness (Mayer
& Moreno, 2003). CTML emphasizes
the importance of designing multimedia
materials that align with cognitive processes
to optimize learning outcomes (Mayer,
2005). Learning occurs through the internal
processing and transformation of data into
long-term memory, often facilitated by
experiential learning. Applying Mayer’s
theory to the development of CABAMath’s
user interface and content is geared towards
optimizing the mathematical learning
outcomes of ASD students.

To facilitate students’ construction
of mental images and improve cognitive
and long-term memory, CABAMath
will incorporate creative art, including
drawing and painting, into its design. This
approach aligns with cognitive learning
principles, which emphasize the importance
of engaging learners through visual and
experiential means.

METHODS
Research Design

The study employed the Fuzzy Delphi
Method (FDM), which is an objective
and time-efficient approach to securing
consensus (Murray et al., 1985). FDM
uses expert consensus to identify the
most suitable elements for the design
of CABAMath, addresses uncertainties
using linguistic variables (Abdullah &
Yusof, 2018), and has been used to garner
consensus in generating ideas for designing
innovative curricula, modules and solutions
(Awang et al., 2016). There are two rounds
in the FDM. The first round entailed semi-
structured interviews with six experts to
identify potential elements of CABAMath
related to the mathematical content within
the application, the instructional strategies,
the technical features, and the user interface
considerations. In the second round, the
experts were asked to rank their agreement
with the sub-elements of CABAMath.
The expert consensus on the primary
constructs required within the application
was determined.

Round 1 of the FDM

Semi-structured interviews were conducted
with each of the six experts to gather
their opinions on potential elements for
CABAMath related to the mathematical
content. The experts were asked about
the instructional strategies, the technical
features, and the user interface considerations
in the application. The data from the semi-
structured interview were transcribed
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and analyzed thematically. The themes
that emerged were structured according
to the main elements in the following
domains: objectives, mathematical content,
instructional strategy, user interface, and
features and options. Specifically, six sub-
elements were identified for the learning
objectives of the CABAMath, while there
were twenty-one sub-elements for content.
There were eleven sub-elements for
instructional strategy, which would outline
the suggested curriculum for CABAMath.
Similarly, the user interface, features, and
options sections each contained eleven and
nine sub-elements, respectively.

Experts underscored the importance
of incorporating creative art forms such
as drawing, painting, and coloring within
the application. As expressed by one
expert, “This app has to be visual (and)
can be helpful for any ASD child. They
are concrete learners, and drawing gives
them stimulation” (Expert 1). Another
expert emphasized the value of art, stating,
“Definitely use art, using colors, drawing
and painting “ (Expert 2). Similarly, another
expert highlighted, “They (ASD students)
love art very much, use drawing, painting ,
and coloring’” (Expert 3).

Based on expert insights, the study
recognized limitations in using various art
forms in a mobile application, opting for
digital painting in CABAMath. Aligned with
CTML theory, which emphasizes multimedia
education, CABAMath incorporates familiar
or student-created images for coloring. The
structure focuses on drawing, painting, and
coloring activities. Music and narration were

also considered and included in the FDM
instrument to determine expert consensus.

Round 2 of the FDM

This inclusive approach aimed to enrich
the process of issue identification, a crucial
aspect achievable through the application
of FDM (Glumac et al., 2011). In this
study, experts were carefully diversified to
ensure comprehensive coverage of relevant
domains. In the second round of the FDM,
19 experts agreed to provide responses to
the instrument. The profile of the experts is
shown in Table 1.

Table 1
Profile of experts
cxperte | Se Position F RS
Special Needs F Practitioner 18
Education F Academic 21
F Academic 14
F Academic 7
F Academic 15
Creative Art F Academic +20
F Practitioner 17
F Academic 15
F Academic 13
Information M Academic 21
technology F Academic +20
(T “,]ith . F Academic 12
experience in )
development F Academic +20
of mobile F Academic 13
applications M Academic +20
M Trainer 18
M Trainer 15
F Trainer 12
F Trainer +20

Source: Famildardashti (2025)
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Data Collection and Analysis

The transcripts of the semi-structured
interviews of the first round were analyzed
to identify the key elements and sub-
elements, which were subsequently used
to form the items in the FDM instrument.
The instrument employed a 5-point Likert
scale. The FDM instrument was distributed
to the panel of 19 experts who had consented
to participate in the study. Data from the
experts were converted using the linguistic
scale shown in Table 2. A systematic
analysis was conducted using the FDM
formula to determine the level of expert
consensus and prioritize the elements to be
integrated into the CABAMath, and was
computed in Microsoft Excel software, as
recommended by Jamil and Noh (2020).

The FDM analysis involved the
use of triangular fuzzy numbers and the
defuzzification process. The process of the
FDM analysis consisted of six steps:

Step 1: Determining the linguistic
Likert scale with fuzzy numbers (Saido et
al., 2018). To accommodate the inherent
fuzziness among experts’ responses, each
response is assigned three fuzzy values,
forming a triangular fuzzy number. Within
this structure, m; represents the minimum

Table 2
Linguistic scale

value, m, denotes the median value, and m;
signifies the maximum value. These values,
m;, m,, and mj, exist as fuzzy numbers
within the range of 0 to 1. Consequently,
for every response on the Likert scale, three
values are assigned, allowing for a nuanced
understanding of expert opinions.

In step 2, The computation of the
average fuzzy number entails determining
the average responses for each fuzzy number
(Abdullah & Yusof, 2018). Step 3 involves
identifying the threshold value ‘d’, which
plays a crucial role in determining the
consensus level among experts. This was
calculated using the following formula:

d(M,m) =

1 2 2 2
§(M1 -my)? + (M2 —my)? + (M3 —mj3)

The acceptance of an element in the
triangular fuzzy number stage is determined
by two conditions: Firstly, the percentage
of expert consensus for an element must be
equal to or more than 75.0%, and secondly, the
threshold value (d), for each component and/
or element must be less than or equal to 0.2.

Step 4 involves identifying the alpha-
cut level, which is commonly set at 0.5

Level of Agreement Likert Scale Fuzzy Scale

Strongly Agree 5 0.6 0.8 1
Agree 4 0.4 0.6 0.8
Neutral 3 0.2 0.4 0.6
Disagree 2 0.1 0.2 0.4
Strongly Disagree 1 0 0.1 0.2

Source: Famildardashti (2025)

PREPRINT



CABAMath App: Enhancing Math Skills for Students with ASD

due to the range of the fuzzy number being
between 0 and 1. Elements with values
above 0.5 are accepted, while those below
0.5 are rejected (Saido et al., 2018).

Step 5 involves the defuzzification
process. The term “defuzzification process”
refers to the method used to rank each
construct, component, element, problem,
variable, and sub-variable identified in
the study. This process aids researchers in
determining the importance and ranking
of each component under consideration. It
involves determining the fuzzy score value
(A) based on the alpha-cut value of 0.5
(Rahman et al., 2021). If A is equal to or
greater than 0.5, the measured elements are
accepted; if it is less than 0.5, the measured
elements are rejected.

The defuzzification value (DV) for
each element used the following formula to
calculate and determine the ranking:

1
DV=§><(m1+m2+m3)

Step 6 involves ranking the phases
and sub-phases (elements) of the model.
This ranking is crucial for prioritizing the
elements based on their defuzzification
values (DV) in the model for implementing
instruction in the science class. The element
with the highest DV is assigned the highest
priority, following the principles outlined by
Fortemps and Roubens (1996).

RESULTS AND DISCUSSION

In this study, FDM was employed not only
to select the elements of the CABAMath
application but also to ascertain the

importance of each element by ranking
them.

Objectives of CABAMath

For the objectives of the CABAMath
application, only three of the six sub-
elements proposed to delineate the learning
objectives achieved sufficient consensus
(above 75.0%) and were accepted. The
analysis of the defuzzification values to
rank the sub-elements, according to experts’
consensus is shown in Table 3. Results
showed that being able to do simple addition
and subtraction achieved the highest ranking
(defuzzification value=0. 725), followed by
writing and counting numbers in the second
rank (defuzzification value=0.688), and
understanding shapes and sizes in the third
rank (defuzzification value=0. 675).

Content of CABAMath

In content of CABAMath, five main
elements with twenty sub-elements were
proposed. However, only four of the main
elements comprising ten sub-elements were
accepted, as shown in Table 3.

The understanding of subtraction
secured the top rank (defuzzification
value=0.750), followed by five sub-
elements tied for second place with an
equal defuzzification value of 0.738.
These elements include understanding the
concept of addition, addition for numbers
below 20, subtraction for numbers below
10, ordering numbers, and practicing the
concept of bigger, and smaller. The third
rank was obtained by writing and counting
numbers 0 to 10, with a d value of 0.725.
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Table 3

Experts’ consensus on elements of CABAMath
Objectives Fuzzy evaluation Defuzzification Ranking
1. Understanding shapes and size 0.475 0.675 0.875 0.675 3
2. Write and count numbers 0.488  0.688  0.888 0.688 2
3. Write and read mathematical words 0.425 0.625 0.825 0.625 Rejected
4. Able to do simple addition and subtraction 0.525 0.725 0.925 0.725 1
5. Understand Malaysian currency 0.375 0.563  0.763 0.567 Rejected
6. Able to proceed with a simple purchase 0.419 0.613 0.813 0.615 Rejected
Content Fuzzy evaluation Defuzzification Ranking
Understanding shapes, size
1. Drawing basic shapes: Square, Triangle 0.513  0.713 0913 0.713 4
2. learning basic colors: Red, Green. 0.463  0.663 0.863 0.663 Rejected
3. Practicing concept of bigger, smaller. 0.538 0.738  0.938 0.738 2
Learning Numbers
4. Writing and counting numbers 0 to 10 0.525  0.725  0.925 0.725 3
5. Writing and counting numbers 11 to 20 0.488 0.688  0.888 0.688 5
6. Writing and counting numbers 21 to 50 0.419 0.613 0.813 0.615 Rejected
7. Ordering Numbers 0.538 0.738  0.938 0.738 2
Write and read alphabetical form of:
8. Numbers 0 to 10 0475 0.675 0.875 0.675 6
9. Numbers 11 to 20 0.450 0.650  0.850 0.650 Rejected
10. Numbers 21 to 50 0.400 0.600  0.800 0.600 Rejected
11. Learning about mathematical signs 0.425 0.625 0.825 0.625 Rejected
Simple Addition and Subtraction
12. Understanding concept of addition 0.538  0.738  0.938 0.738 2
13. Understanding concept of Subtraction 0.550  0.750  0.950 0.750 1
14. Addition number below 10 0.538  0.738  0.938 0.738 2
15. Subtraction number below 10 0.538  0.738  0.938 0.738 2
16. Addition numbers below 50 0.431 0.625 0.825 0.627 Rejected
17. Subtraction numbers below 50 0.431 0.625 0.825 0.627 Rejected
Understand Malaysian currency
18. Knowing Malaysian Money (coins) 0.444  0.638  0.838 0.640 Rejected
19. Knowing Malaysian Money (paper Note) 0469 0.663  0.863 0.665 Rejected
20. Practicing counting money 0431 0.625 0.825 0.627 Rejected
Instructional Strategies Fuzzy evaluation Defuzzification Ranking
1. Drill and Practice 0.488 0.688  0.888 0.688 3
2. System of Least Prompts 0.425 0.613 0.813 0.617 Rejected
3. Constant time delay 0.400 0.588  0.788 0.592 Rejected
4. Simultaneous Prompting 0413 0.613 0.813 0.613 Rejected
5. Reinforcement 0.500  0.700  0.900 0.700 2
6. Simple math game 0.550 0.750  0.950 0.750 1
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Table 3 (continue)

Fuzzy evaluation Defuzzification Ranking
7. Touch Math 0.438 0.625 0.825 0.629 Rejected
8. Task Analysis 0.444  0.638  0.838 0.640 Rejected
Curriculum
9. Early Numeracy Curriculum 0.500  0.700  0.900 0.700 2
10. Malaysian Curriculum for special students.  0.438  0.638  0.838 0.638 Rejected
11. Standard Malaysian curriculum 0.338  0.506  0.700 0.515 Rejected
User Interface Fuzzy evaluation Defuzzification Ranking
Background colors and Font size
1. Soft and light colors to use in background 0.444  0.638  0.838 0.640 Rejected
2. Avoiding overly bright colors in background 0.463  0.663  0.863 0.663 Rejected
3. Changeable theme of color 0425 0.625 0.825 0.625 Rejected
4. Using a readable font in a standard size 0.525 0.725  0.925 0.725 1
5. Use one touch selecting to choose letters for  0.456  0.650  0.850 0.652 Rejected
alphabetical writing
6. Using cartoon characters in user interface 0.381  0.575  0.775 0.577 Rejected
Sound and music
7. Narration in some steps (learning numbers)  0.450  0.650  0.850 0.650 Rejected
8. Playing background music during tasks 0.344  0.538 0.738 0.540 Rejected
9. Playing background music before starting 0413 0.613 0.813 0.613 Rejected
tasks
10. Sound effects in solving tasks 0.463  0.663  0.863 0.663 Rejected
11. Capability of voice over 0.369 0.563  0.763 0.565 Rejected
Features and Option Fuzzy evaluation Defuzzification Ranking
1. Available for both mobile phone and tablet 0.500  0.700  0.900 0.700 Rejected
2. Customizable mathematical Subjects 0.469 0.663  0.863 0.665 2
3. Report on each student's progress 0.525 0.725 0.925 0.725 1
4. Option to Disable the narration 0.438 0.638  0.838 0.638 Rejected
5. Usable for multiple users 0.419 0.613 0.813 0.615 Rejected
6. Hints and solutions available for All steps 0.438 0.638  0.838 0.638 Rejected
7. Option to Skip steps by student 0.400 0.588  0.788 0.592 Rejected
8. Option to disable sound / music 0.425 0.619 0.813 0.619 Rejected
9. Showing Dashboard for progress of each kid 0.463  0.656  0.850 0.656 3

Source: Famildardashti (2025)

Drawing basic shapes: square, triangle 10 received the sixth rank (defuzzification
attained the fourth rank, with a d value of value=0.675) among all the sub-elements.
0.713. Writing and counting numbers 11  The remaining sub-elements did not garner
to 20 were placed fifth (defuzzification consensus among the experts and were
value=0.688) while learning numbers 0 to consequently rejected.
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Instructional Strategies and
Curriculum of CABAMath

For the Instructional Strategies, eleven
sub-elements were suggested. The
findings, as depicted in Table 3, revealed
that a simple math game (defuzzification
value=750), merged as the highest-ranked
item, garnering significant consensus
among experts. In mathematics education,
game-based learning offers numerous
advantages that enhance the teaching
and learning experience as it motivates
students to learn mathematical concepts
subconsciously, fostering the development
of strong foundational mathematical skills
(Ramli et al., 2023).

Sub-elements for reinforcement and
early numeracy curriculum (MOE, 2015)
equally obtained the second rank. The early
numeracy curriculum, Dokumen Standard
Kurikulum dan Pentaksiran (DSKP), is
designed by the Malaysian Ministry of
Education (MOE) under the Curriculum
Development Division (CDD).

The sub-element drill and practice
achieved the third rank (defuzzification value
=0.688). Drill and practice is an instructional
approach that involves repeating exercises
that are utilized to develop and perfect a skill
or method (Lim et al., 2012). The remaining
elements failed to meet the threshold for
consensus, leading to their rejection in the
instructional strategies section.

The User Interface of CABAMath

Concerning the user interface of CABAMath,
eleven sub-elements were suggested but
only one sub-element, using a readable

font in a standard size (defuzzification
value=725), was accepted as the highest
rank (see Table 3). Based on the CTML
theory, individuals tend to acquire a deeper
level of understanding when exposed
to a combination of textual and visual
information, as opposed to textual or
pictorial information alone. Therefore, it is
imperative to consider the use of readable
fonts alongside images in the application.

The rejection of sub-element involving
cartoon characters in the user interface is
rooted in the ASD child’s short attention
span (May et al., 2013). Children with autism
often exhibit difficulties in disengaging
and orienting their attention, heightened
focus on specific tasks or topics, and a
reduced capacity to filter out distractions
(Ridderinkhof et al., 2020). It’s important
to eliminate secondary content that could
distract the user. Limiting the number
of features at one time is essential to
optimizing children’s concentration, and
learning outcomes (Aguiar et al., 2022).
In this study, the term “cartoon characters”
referred to superheroes and famous personas
from the world of children’s entertainment.
For children with developmental delays,
it’s crucial to avoid using pictures that are
non-relevant or overly abstract (Dattolo &
Luccio, 2017).

The changeable theme and colors
are another rejected sub-element. The
guidelines suggested by Aguiar et al. (2022)
emphasized minimizing ASD students’
distraction in the application design and
keeping it simple. On the other hand,
children with ASD don’t like changes
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and often thrive in environments with
established routines and may become upset,
distressed or frustrated when changes are
introduced (Rehman et al., 2021). Hence,
CABAMath design incorporated only one
color theme.

Sub-elements with overly bright
colors or too soft colors were rejected by
experts. According to Rehman et al. (2021),
the main navigation and pages should
utilize simple colors rather than bright
ones. Contrast in user interface colors is a
critical consideration (Aguiar et al., 2022).
CABAMath employs simple colors with
medium radiance and brightness to ensure
contrast without excessive brightness or
softness.

The remaining sub-elements regarding
sound effects, background music, narration,
and voice-over were rejected based on
expert consensus (see Table 3). Experts
have indicated that auditory sub-elements
may be distracting for ASD students. As
one expert quoted “children with autism are
highly sensitive to sensory overload and are
easily distracted. So, using sounds or music
may not be a good choice”. Furthermore,
according to guidelines from Dattolo
and Luccio (2017), background sounds,
moving text, and blinking images should
be avoided, as they can be distracting and
overwhelming for ASD individuals. Aguiar
et al. (2022) also advised to “avoiding the
use of disturbing sounds”. Consequently,
the CABAMath design avoids any type of
music and sound entirely.

Students with ASD have limited
capacity to tolerate noise (Scheerer

et al., 2022), Instead, in CABAMath,
teacher-led instruction involving reading
and writing will be employed for dual-
channel processing. In alignment with
the CTML theory, particularly the dual-
channel assumption. According to this
theory, humans process information through
separate channels for visual/spatial and
auditory/verbal representations as well as the
concept of active learning, where individuals
attend to relevant information, organize it
into coherent mental representations, and
integrate it with existing knowledge (Mayer,
2005).

Features and Options of CABAMath

Regarding the features and options for
CABAMath, nine sub-elements were
suggested (see Table 3). Each of these
sub-elements was carefully evaluated.
The findings revealed that the report on
each student’s progress (Defuzzification
value=0.725), ranked highest, followed by
the customizable mathematical subjects
in second rank with d value 0.665, and
showing dashboard for the progress of each
kid (Defuzzification value=0.656) secured
the third position. The sub-element report on
each student’s progress ranked first due to
its crucial role in monitoring the educational
progress of ASD individuals. According
to Deno (1985), progress monitoring
can be defined as “the simple repeated
measurement of student performance toward
a long-range goal”.

The customization of mathematical
subjects for each student is due to the fact
that ASD students exhibit a diverse range
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of disabilities, varying from case to case
(Hodges et al., 2020). Additionally, they
may possess differing levels of mathematical
knowledge, cognitive abilities (Peklari,
2019) , and conceptual understanding
(Siregar et al., 2020).

The rejected sub-elements, include
music and narration features, which were
mainly rejected in the previous section (see
Table 3) . The availability of both mobile
phones and tablets is another rejected sub-
element. Although designing for mobile
devices could include handphones and
tablets, in this study, experts’ consensus
rejected developing the CABAMath for
both types of devices. Experts recommended
focusing solely on designing CABAMath for
one type of device at this stage. According to
Aguiar et al. (2022), tablets offer advantages
for individuals with ASD due to their large
screens, which facilitate easy selection of
icons or menu items, data input, and other
interactions. Hence, the design of this study
prioritized measurements suitable for use on
tablets in the first stage.

The sub-element hints and answers in
all steps rejection, experts suggested making
hints available for some steps only to engage
the cognitive thinking and memory working
of ASD students. As for the sub-element
option to skip steps by the student, experts
mentioned that these actions should be
available exclusively for teachers and not
for students. As one expert quoted” If the
mobile app aims to ensure the learning
process is completed by the student, then
options to skip steps should be avoided or
solely under the control of the instructor.”

The need for customization and
individualization of the application for
each ASD user led to the rejection of the
sub-element that could serve multiple users.
Opting for single-user optimization enhances
progress monitoring and improvement
tracking, thus better meeting the needs of
individual users.

The Framework of the CABAMath
Design

The app’s structural framework prioritizes
painting, drawing, and coloring as primary
activities. These tasks engage students
in mathematical concepts by involving
counting, coloring objects, drawing
shapes, and painting objects according to
mathematical tasks.

The visual representation of the
framework of CABAMath is demonstrated in
Figure 1. The study implements CABAMath
by offering versions in both English and
Bahasa Melayu, catering to a wider user base
in Malaysia. According to Dattolo and Luccio
(2017), “language is a key issue when dealing
with impaired users”.

Based on the experts’ consensus and
ranking achieved through FDM analysis,
among the elements of the objectives in
CABAMath, the priority element was
simple addition and subtraction. Regarding
the content of CABAMath, the sub-element
of understanding subtraction received
highest rank. Consequently, applying simple
addition and subtraction both ranked second,
equally. The foundational skills include
number recognition, basic operations
like addition, subtraction, multiplication,
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Creative Art Based Application for Math (CABA-Math) Module

v
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Creative art: Drawing, Painting, coloring

Instructional Strategies: Drill and Practice, Simple math game Reinforcement

Curriculum : Early Numeracy Curriculum

v

Language : English, Bahasa Melayu

User Interface: FDM expert's consensus, literature review, developer's structures
Features and Option: FDM expert's consensus, Platform of development structures

Theories: 1) Piaget’s Theory of Cognitive Development and
2) Mayer Cognitive Theory of Multimedia Learning {CTML)

Figure 1. The framework of CABAMath design
Source: Famildardashti (2025)

and problem-solving abilities (Yusaini
et al., 2019). Proficiency in fundamental
mathematical operations is imperative for
effectively resolving problems in daily life
as indicated by Park et al. (2020). In the
literature, various studies have explored
teaching operations in mobile applications
for individuals with ASD, employing diverse
instructional strategies and approaches.
These include game-based learning (Che
Ku Mohd et al., 2020). It’s important to
note that these approaches differ from the
primary approach of CABAMath, which
employs creative art.

The writing and counting of numbers
were ranked second among objectives
and third rank for content of CABAMath.
Numeracy serves as the fundamental
subject for the progression of mathematical
education to subsequent levels (Aunio et al.,
2021). According to Yusaini et al. (2019),
numeracy is primarily focused on the
application of mathematical knowledge and
skills for problem-solving purposes. In this
regard, most of the available mathematical
applications in the body of literature target
numerical abilities (Karanfiller et al., 2018;
Ntalindwa et al., 2021; Winoto et al., 2018).
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According to Peklari (2019), children must
learn to associate numbers as represented by
value, auditory verbal, and visual English
codes. Hence, in this study, numerical
abilities include learning numbers from zero
to twenty in counting, writing, reading, and
ordering based on the experts’ consensus.
The sub-element of ordering numbers zero
to ten was ranked sixth based on experts’
consensus.

In the objectives the third rank was for
the understanding of shapes and sizes, but
it ranked fourth among the contents sub-
element. There are few studies available
with the aim of teaching shapes and colors
to ASD students (Winoto et al., 2018).
The CABAMath application focuses on
familiarizing ASD students with essential
shapes and understanding the concept of
size. In terms of instructional strategies,
simple math games are ranked first.
Research by Sousa and Costa (2018)
suggests that learning strategies focused on
digital games have shown more significant
effects compared to traditional approaches
in general interventions. Research has
demonstrated that a game-based intervention
for ASD students enhances their motivation,
participation, and engagement in math
learning (Pradiante, 2022). Nonetheless,
CABAMath is designed to utilize creative
art in the form of a simple math game.

Reinforcement received the second
rank among the instructional strategies.
Teachers can effectively foster students’
enthusiasm for learning mathematics by
providing positive reinforcement. This can
take the form of verbal encouragement,

such as praise, or nonverbal reinforcement,
including thumbs-up gestures and smiles,
as well as symbolic rewards like small
gifts, which help further reinforce students’
engagement and motivation in the learning
process (Sumiati et al., 2019). CABAMath
uses digital stickers with motivational
pictures and phrases to reward ASD students
after completing each skill. These stickers
demonstrated achievement by indicating
skill completion and error-free problem
solving.

The drill and practice is the third rank
sub-element of instructional strategies.
Drill and practice involves the acquisition
of knowledge or skills through systematic
training characterized by repeated rehearsals
and practice to enhance learning and
mastery (Famildardashti et al., 2024; Laleye
& Ogunboyede, 2023). Christensen and
Gerber (1990), evaluated the effectiveness
of integrating a drill and practice task into
an arcade game-like setting for teaching
learning disabled students fundamental
math concepts. The results showed
considerable learning improvements after
implementation. Tournaki (2003) conducted
a study focusing on teaching addition
through drill and practice, which resulted
in significant improvement among both
students with and without disabilities.
CABAMath aims to utilize the drill and
practice strategy within a mobile application.

In prioritizing the user interface, the
first rank was for incorporating readable
fonts in standard sizes. Using a suitable
font in the user interface helps to gain the
attention of ASD students. The guidelines,
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as outlined in studies such as those by Davis
et al. (2010), and the systematic review
conducted by Gopalakrishna et al. (2013),
were thoroughly used in terms of fonts and
images for the user interface design of the
CABAMath.

A report on each student’s progress and
showing a dashboard for that emerged as the
first and third priorities among sub-elements
of the features and options. To ensure the
effectiveness of the chosen approach for
an individual child with ASD, systematic
monitoring of the child’s progress is crucial
(Siyam, 2018). Nonetheless, educators can
effectively monitor each student’s academic
development with CABAMath’s detailed
progress reports.

Based on expert consensus, customizable
mathematical subjects by instructors, for
each student emerged as the second priority.
While utilizing CABAMath, teachers must
ensure adaptive interaction with users,
taking into account their profile, limitations,
preferences, requests, and needs (Dattolo
& Luccio, 2017). In addition to improving
the user experience and efficacy of the
setting where students feel supported and
encouraged, this customisation guarantees
that the program takes into account
individual needs and preferences (Aguiar
et al., 2022). Because of the flexibility of
the CABAMath’s architecture, educators
can modify assignments according to the
skills and knowledge of each individual
student . Moreover, fewer cognitive skills
are required for ASDs to engage with the
content and solve tasks (Dattolo & Luccio,
2017). By providing a blank canvas for

drawing within each mathematics skill,
CABAMath allows teachers and instructors
to construct and personalize projects, further
adapting and customizing the learning
experience. Students study math subjects by
painting, coloring, and drawing throughout
the CABAMath, making learning enjoyable.
The software is adjustable and simply
provides hints and answers for particular
tasks to assist students learn.

The next phase involved the
development of the CABAMath application
based on framework designed from experts’
consensus. The CABAMath application
are employed instructional strategies such
as drill and practice and reinforcement
with the flexibility of repeating tasks
multiple times and at the students’ own
pace (Famildardashti et al.,in press).
shows selected The user interface for the
CABAMath mobile application on the
understanding of shapes and learning
numbers from 0 to 5 are shown in Figure 2
and Figure 3 respectively.

CONCLUSION

In conclusion, CABAMath is a significant
endeavor to improve mathematics skills
among ASD students categorized in
level one severity based on DSM-IV.
The Fuzzy Delphi Method (FDM) was
employed to achieve experts’ consensus
on CABAMath’s design. The experts
ranked objectives, mathematical content,
instructional methodologies and curriculum,
user interface, features, and options. The
CABAMath app uses creative art including
digital drawing and painting on a blank
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Figure 2. User interface of understanding of shapes in the CABAMath application
Source: Famildardashti (2025)
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Figure 3. User interface of learning numbers 0 to 5 in the CABAMath application
Source: Famildardashti (2025)

PREPRINT



CABAMath App: Enhancing Math Skills for Students with ASD

canvas and coloring shapes and objects
(Figure 2 and 3).

Implications of the Study

The CABAMath was designed to cater
to the diverse needs of ASD students,
incorporating elements of creative art to
engage learners in enjoyable and effective
mathematical learning experiences.
CABAMath transcends traditional
pedagogical approaches, offering a dynamic
and interactive learning environment.
With customizable features and a range of
activities spanning from basic to advanced
levels, the application offers flexibility
to accommodate the varying abilities of
students.

Challenges of Using CABAMath
Application

There are several challenges in developing
the CABAMath application for students
with ASD. A major issue is the need to
address the different cognitive capacities
due to differing level of understanding
and the variety of learning styles among
students with ASD. In addition, students
need to be motivated with an engaging user
interface. The interface should be structured,
without leading to excessive stimulation
which could cause sensory overload, and
yet insufficient interaction could fail to
sustain the students’ motivation. In order
to accommodate ASD children’s sensory
sensitivities, the user interface design to be
balanced in considering visual attractiveness
and simplicity.

Further, there could be technological
challenges such as availability of
digital devices and compatibility with
assistive technology, which may limit
ASD individuals’ use of the application.
Another crucial concern is the need for
training among teachers and parents to
ensure the CABAMath application is
implemented effectively. Without sufficient
training support, the potential benefits
of CABAMath could be limited. Finally,
teachers need to balance the time spent on
the CABAMath application so as not to
encourage an addiction to the use of mobile
tools, but to optimise digital learning to
ensure the effectiveness of the application as
an assistive tool for improving mathematical
skills among ASD students.

Limitations and Recommendations for
Future Research

The study is limited by the experts who
participated in the study. Although efforts
were made to ensure the experts achieved the
criteria of expertise in the areas identified,
the experts were influenced by their personal
outlook and view of ASD students’ condition
and needs based on their experience. A panel
of different experts could provide different
opinions.

Future research endeavors could
entail the integration of the CABAMath
application in teaching ASD students
mathematics in schools and learning centres
catering to ASD students to evaluate the
effectiveness and usability of CABAMath
in different contexts.
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