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ABSTRACT

Children	with	 autism	 have	 various	 difficulties	 in	 developing	 cognitive	
abilities and attaining new knowledge. However, it is essential they obtain 
a competence approach in order to achieve independence. The state of 
art	has	shown	that	a	significant	aspiration	for	children	with	autism	is	to	
become independent. Part of attaining independence includes achieving 
skills that allow for self-determination and involvement in social activities. 
Hence, it is essential for every child with autism to acquire basic numeracy 
skills to enhance their self-determination. With the emergence of assistive 
learning technology such as smartphones, PDAs, tablets, and laptops 
with	touchscreen	features,	there	are	extensive	ways	to	improve	the	quality	
of	life	for	children	with	autism.	This	study,	therefore,	aims	to	explore	the	
basic numeracy skills-based dynamic visual for children with autism that 
will possibly be of assistance to parents, educators, and facilitators in the 
development of digital assistive learning tools to meet the requirements 
of children with autism in learning environments. From the proposed 
theoretical framework, an application was designed and tested with several 
children	with	autism.	Based	on	observations	from	the	experiment,	the	users	
showed positive attitudes towards the outcome of the application.
 
Keywords: children with autism, assistive learning technology, apps, 
numeracy, education
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InTRoduCTIon 

Autism spectrum disorders (ASDs) are a group of developmental disabilities 
characterised by impairments in social interaction and communication and 
by restricted, repetitive, and stereotyped patterns of behaviour (Association, 
2000). Symptoms are typically apparent before the age of three. Since the 
early 1990s, elevated public concern about continued reported increases 
in the number of children receiving services for ASDs and reports of 
higher-than-expected ASD prevalence estimates have underscored the need 
for the systematic public health monitoring of ASDs (Rice et al., 2007). 
Autism symptoms can be present in a variety of combinations and may 
accompany other disabilities. Some individuals with autism have normal 
levels of intelligence, although most individuals with autism have some 
level of intellectual disability, ranging from mild to severe. This range is 
often referred to as high-functioning autism to low-functioning autism. 
Autism is a life-long developmental disability that prevents society from 
understanding what people with autism see, hear, and otherwise sense. 
Autism counts differently when compared with typically developing 
individuals (Ingvarsson & Hollobaugh, 2010). Those with autism typically 
develop differently from other individuals in their counting skills by having 
a slower reaction time when naming quantities, a later development of 
sequencing skills and recalling positions, and no benefit from recognising 
a canonical placement of dots. The exemplary development of number 
knowledge, especially counting skills and the working memory is crucial 
for accumulated brain development. Hence, children with autism were 
believed to calculate in a different way when it comes to measuring up to 
normal emergent individuals (Kamaruzaman, Rahman, Abdullah, Anwar, 
2013; Wehmeyer et al., 2012). Characteristically raising these individuals 
need special attention and special goals when it comes to their education 
as this disability may affect their level of self-determination.

 
Previous studies have found that children with autism prefer 

instructions delivered through digital devices such as tablets (Ayres, 
Mechling & Sansosti, 2013; Pellicano, 2010) while the skilled application 
of assistive learning technology may increase many areas of independence 
for them and provide support for their lack in psychomotor skills. It is 
believed that the bright screen and interactivity of an assistive touch-screen 
applications learning technology has made the device much more attractive. 
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The assistive learning technology will complement the conventional method 
of learning as it certainly can provide a reliable level of predictability, from 
the device’s touch response to the calm, steady voice emitted from the 
device when children with autism explore basic numeracy knowledge. This 
allows children with autism not only to display emotion and other personal 
aspects of calculation, but also answer questions and work together with 
the teacher, instructor, and course material. This research may result in a 
better alternative and be useful for children with autism as they develop 
their motor skills. Since basic numeracy skill is essential in one’s life to 
cope with the surrounding world, a touch-screen-based device with an 
application for basic counting skill has been developed in this research to 
support children with autism in their learning environment, independence, 
and quality of life.

SIGnIFICAnCe oF STudy

This study provides opportunities for new knowledge in the learning styles 
of children with autism, especially in mathematics, and to foster academic 
and self-determination capabilities. It is also believed that these children will 
probably share their understanding of the application and basic numeracy 
with their peers both within and outside the classroom. 

lITeRATuRe ReVIeW 

Children with autism have a psycho-educational profile that is different 
from typically developing children. Studies show that there may be deficits 
in many cognitive functions, yet not all are affected. Though there may be 
deficits in complex abilities; nevertheless, the simpler abilities in the same 
area may be intact. Some children with autism have stronger abilities in 
the areas of rote memory and visual-spatial tasks than they have in other 
areas (Cohen & Sloan, 2007). Children with autism also often display other 
kinds of visual-spatial talents, such as putting puzzles together, and perform 
well at spatial, perceptual, and matching tasks. Some may be able to recall 
simple information but have difficulty recalling more complex information 
(Grandin, 2011). Yet some others perform at superior levels on ‘local’ visual-
spatial tasks that require finding parts within wholes. The local processing 
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tasks on which children with autism excel include the Embedded Figures 
Task (Carmo et al., 2016; Edgin & Pennington, 2005) in which one must find 
a small part hidden in a larger pattern, and the block design task (Pellicano, 
Maybery, Durkin, & Maley, 2006), in which one must use blocks to copy a 
two-dimensional pattern. Strength in visual-spatial skills has been described 
in personal accounts of children with autism. 

Apart from visual-spatial skills, these children can easily learn and 
remember information that is presented in a visual format (Grandin & 
Panek, 2013; Mukerji, Mottron & McPartland, 2013) often demonstrating 
essential strengths in concrete thinking, rote memory, and understanding 
of visual-spatial relationships, but have difficulties in abstract thinking, 
social cognition, communication, and attention (Carnahan, Musti-Rao, & 
Bailey, 2009). Visual graphics and written cues can often help them learn, 
communicate, and develop self-control (Rani, Rahman & Kamaruzaman, 
2015). Visual game therapy however needs specific game design that 
incorporates deep study on target users, which have often been overlooked 
(Alankus & Kelleher, 2012). One of the advantages of using mobile game-
based learning is that children or adolescents can practice it for as long 
as they need to process the information. This technology has enriched, 
motivated, and empowered the human mind (Kamaruzaman & Zainol, 2012; 
Rani, Zainol, & Kamaruzaman, 2015). According to Rani, Yusoff, Azman 
and Kamaruzaman (2015) by using mobile game-based learning assistance, 
the individual learns to emphasise and concentrate on the message. 

The CounTInG Model oF InSTRuCTIon

Various counting patterns have been developed in the past thirty years. Based 
on Schaeffer, Eggleston, and Scot’s (1974) counting model, there are three 
steps required for the acquisition of counting. Firstly, children have to obtain 
knowledge in counting words sequence. Secondly, the children should learn 
enumeration, which is the aptitude to point to and calculate each object.  
Finally, children should learn the cardinality rule which understands that the 
last number they count in a particular set represents the number in the set.
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The CounTInG pRInCIpleS

Counting is one of the earliest and most essential skills for every child 
to learn in order to gain self-reliance. Scholars have recommended that 
learning basic numeracy and calculation is an important element in the 
enhancement of number perception (Kim & Cameron, 2016). Additionally, 
it has been documented that counting skills are essential prerequisites 
that can lead to an independent adult life. It is believed that counting 
skills develop in a hierarchal approach according to five most important 
principles (Gallistel & Gelman 1992).  The first three principles involve 
how children count (process), the fourth principle deals with what to count 
(explanation), and lastly, it involves a combination of the features of the 
other four principles. It consists of the one-to-one principle; the constant 
classify theory; the cardinality theory; the conceptual theory; and the order 
inconsequence theory. Table 1 summarises the principles of counting as 
described by Gallistel and Gelman (1992) in Preverbal and verbal counting 
and computation.

Table 1:  Gallistel and Gelman’s principles of Counting
principle description
One to One Items are identified one by one with a name given 

to each one.
Stable Order The tags used in counting are arranged in a fixed 

order.
Cardinality Final tag counted represents the total number of 

items in the set.
Abstraction The counting procedure can be applied to all kinds 

of things whether concrete or mental.
Order Irrelevance Items can be counted in any order so long as each 

item is tagged once.
    
 More and more special educational needs children are using 

technological devices to carry out tasks and activities (Muñoz, Barcelos, 
Noël & Kreisel, 2012). There has been a variety of applications developed 
for use by children with autism in the past few years. Many applications 
were designed as an instructional tool to teach children with autism the 
skills they need in order to enhance their self-determination. It has been 
found that the use of such applications was well received by children with 
autism and incorporated into the regular activities of their school. In this 
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research paper, a numeracy design learning application was developed to 
support basic counting skill for children with autism. Since children with 
autism have a psycho-learning outline that varies from typical children, 
there may be countless insufficiencies in their cognitive tasks, though 
not all (Kamaruzaman, Rahman, Abdullah, Anwar, 2013). Compared to 
typical children, children with autism count up in a different way (Hasnah 
Toran, 2013; Torii, Ohtani, Niwa, Yamamoto, & Ishii, 2012), differing from 
characteristically emergent development by a slower consequence moment 
in time when inaugurating figures; a later maturity of series dexterities 
and evoking arrangements, and no advantage from identifying a canonical 
position of marks. They however have the talent to show other kinds of 
visual and spatial abilities such as composing puzzles and the capability to 
accomplish spatial, perceptual and mix match assignments.

 
Experts believe that children with autism can understand through 

visual means. According to Kamaruzaman and Azahari (2014), Munoz-Soto 
et al. (2016) and Kamaruzaman, Nor, and Azahari (2016) some children 
with autism may easily learn and remember information that is presented 
in a visual format. The major advantage of using infographic supports is 
that they could be used everywhere and anytime to process information. 
In developing a design application architecture that is more practical and 
usable, it is vital to look closely into user modelling. It is believed that 
works about usability and user characteristics help shape how the end user 
interacts with the application system (Zhang, Carey, Te’eni, & Tremaine, 
2004). Kamaruzaman et al. (2013) believe that the existing framework 
should incorporate the counting principles outlined by Gallistel and Gelman 
(1992) as a basis.

ReSeARCh deSIGn deVelopMenT

Five main phases are implied in developing the autistic education application 
design model. The earliest stage comprises children with autism’s issues 
of learning how to count, objectives, possibility, and lifelong learning 
environment. The following stage forms the outline of the design application 
which includes creating the mood board, storyboard, and prototype model. 
This model will also look into certain elements and aspects of children 
with autism’s user interface, dynamic visual, and contents. The third phase 
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focuses on building the contents and materials based on the earlier phases. 
Next, the experiment stage comprises testing and analysing the prototype 
with children with autism. Autism experts believe that in ensuring the 
success of the investigation, the instructor, mentor, and parents will need to 
run the application with the children with autism in their natural atmosphere. 
A distance observation session was used and these children’s behaviour were 
recorded and alnalysed (Gallistel & Gelman, 1992). It is also believed that 
the natural atmosphere plays a dynamic role in determining the children’s 
capacity to produce discerning responses. Any issues and matters that 
arise during this phase will be identified and documented. The final stage 
comprises of compiling data and feedback from the instructor, mentor, and 
parents of participating children with autism about the numeracy design 
learning application.

uSeR InTeRFACe deSIGn ApplICATIon FoR 
ChIldRen WITh AuTISM

The Content Application

The numeracy interface design learning application was designed 
according to the needs of children with autism (M. Kamaruzaman & Zainol, 
2012).The numeracy learning application consists of basic numbering 
information, number recognition, and drag and drop and drag and match 
numbering games. The languages used in this numeracy learning application 
are English and Malay (Bahasa Malaysia) as they are the most common 
languages used by children with autism in Malaysia. The contents of this 
application were divided into two parts: learning to count and numbering 
exercises. All the segments’ contents were adapted and aligned with the 
Integrated Curriculum for Learning Disabilities issued by Ministry of 
Education Malaysia.

The development of the Basic Counting Application

According to Gallistel and Gelman (1992), designing assistive learning 
systems for children with autism should anticipate existing limitations. The 
first stage is the analysis phase, where the main purpose was to consider all 
factors that are related to the project and how to produce a desirable result. 
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The investigation involved several children with autism. To comprehend the 
needs of the children with autism, and to identify the issues and purpose for 
the application, interviews were held with the instructor, mentor, and parents 
at the onset of the project. Since the goal of the investigation was to develop 
a prototype that focuses on the method of learning how to count, information 
gathered in the analysis phase was used to develop a hypothetical design of 
the application. The primary design of the application needs to emphasise 
the practicality and usability of the application with testing being the key 
objective. A mood board and a storyboard were created to identify the 
interface design of the application. The visual layout has been delicately 
thought out to ensure that the overall application is pleasurable and easy to 
use. Aspects such as the children with autism’s skill and ability to use the 
assistive learning technology such as a tablet, Smartphone, and computer 
were taken into consideration. Dynamic visual elements such as audio, 
video, animation, text, and graphics were included in the design to enrich 
the application. 

numeracy Skills learning Application experiment with 
Autism Children 

A total of 15 children with autism from the Klang Valley, Selangor, 
Malaysia had participated in this research. They were selected by the 
Education Planning and Research Division (EPRD), Ministry of Education 
(MOE) Malaysia in collaboration with Selangor Education Department 
due to the specific area of research in Special Education. Two primary 
schools with integrated special education programmes (PPKI) in Selangor, 
Malaysia participated in the study. All children with autism were protected 
by agreements with their school principal to ensure that the protocol in 
research ethics has been followed accordingly (REC: 600-IRMI (5/1/6)).

Testing of the prototype was conducted in the participants’ natural 
surroundings and environment as it is important to make them feel ‘natural 
and relaxed’ (Hood Mohamad Salleh, 2012). The experiment was led and 
guided by the children’s respective teachers and instructors who had been 
briefed on the structure as well as the configuration of the application, its 
user interface, looks and feels, and most importantly its practicality and 
usability for children with autism’s self-development in understanding basic 
numeracy by using the assistive learning technology.
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Based on the distance observation and teachers’ feedback, most of 
the participating children were found to be fond of and had enjoyed using 
the application. As a learning tool, the application will provide support for 
leaning basic numbers for children with autism both within and outside 
the classroom beyond normal classroom instructions. Table 2, shows the 
different outcomes.
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numeracy learning design Application Screenshots

Figure 1 until Figure 4, are print screens on several existing activities 
in the numeracy learning skill design application.

Figure 1: Main page of numeracy learning design Application Screen

Figure 2: example of number one in basic numeracy learning skill screen page

6 

 

Note: Age reflects participant’s age at the time of the experiment. 
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Figure 3:  example of drag and drop on number one in numeracy learning Skill 
Application Screen page

Figure 4:  example of Joining the dots on number one in numeracy learning 
Skill Application Screen page

FIndInGS

It is relevant to note that results of the experiment indicated that children 
with autism were attracted by the application.  The attraction had led them 
to eventually spend more time on the numeracy application; practising and 
doing exercises while exploring their idealistic conceptions beyond the 
logical perception as well as to attain their learning interests and achieve 
self-independence.

7 
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ConCluSIon 

As the population of children with autism increases it becomes more pressing 
for parents and educators to have better understanding of their special 
needs, notably in the area of learning and self-independence. This research 
provides support for understanding such needs.  Results from the study show 
that almost all of the teachers and instructors who had participated agree 
that using assistive learning technology will enhance and enrich children 
with autism’s state of mind and inspire them to acquire new knowledge 
independently. 

This research is a progressive work on basic numeracy learning 
application which is a part of a comprehensive numeracy learning design 
application. As soon as the comprehensive numeracy learning design 
application is ready, it will be tested again to establish the practicality 
and usability of the model. It is also relevant to note that it is possible to 
use the application in psychoanalysis to enhance children with autism’s 
independence, lifelong learning, and quality of life.
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