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Nowadays, tablets and their applications are part of the children’s daily
lives. These digital educational activities can become a potent educational
tool for efficient and effective in neurotypical as well as children with autism
spectrum disorder (ASD). Tablets and their applications allow children to
take advantage of new learning platforms and effectively learning through
activities in learning domains, such as mathematics. In the present study
representational-abstract sequencing instruction in the form of explicit
instruction used with the help of mobile technologies. The aim of this study
is to match the semi-concrete visual drawings with the correct abstract
mathematical pre-addition expressions. Findings suggest using a tablet
mediated intervention is effective teaching to match the semi-concrete visual
drawing with the correct abstract mathematical expression. Implications for
practice and future research are discussed.
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1. INTRODUCTION

Students with autism spectrum disorder (ASD) are known primarily as having inappropriate or
inadequate social skills, challenges with communication, behavioral concerns like obsessions, aggression,
tantrums, repetitive behavior, and restricted interests [1] variability in academic performance [2], [3]
including in the academic area of mathematics [4]. Although ASD may be associated with mathematics
strengths [5] research on the academic abilities underlines the importance of mathematics interventions
especially around 25% of individuals with ASD that may have a mathematics learning disability [6]-[8].
Teachers and special education teachers often consider mathematics as one of the difficult subject matters
[9]-[11] for children with ASD.

Because mathematics performance in early mathematical concepts has correlation to later
mathematics performance [12] generally low-performers in early mathematics education tend to remain low-
performers if they do not receive appropriate support including explicit instruction [6], [13]-[15].
Sayers et al. [16] implies that correlation and underscore that certain basic mathematics skills can predict
later arithmetical competence. Counting is thus a method of deciding which number word should be used to
describe a particular cardinal, Thus, counting is a way to choose which numeral to use to express a given
cardinal, which is a change in perspective on the same thing [17].

It might be challenging for chidren to use the changing order of number words as they count. The
sequence evolved from being a mechanical list of words and objects to becoming a flexible representational
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tool for addition problems. Children's abilities to associate counting, cardinality, and other concepts to
counting changed as a result of this alteration. Additionally, in order for youngsters to learn about cardinality
through counting, cardinality has to first be related to them. Number words themselves cannot serve as the
"objects" that represented the addition scenario if object counting cannot be condensed and abstracted from
the objects.

It’s known that, the knowledge of formal mathematical concepts may differ considerably even from
a typical child to another. In the case of ASD around 25% of individuals that may have a mathematics
learning disability [6]. However, since the software programs are based on children with typical
development, intermediate software is needed for children with different developmental level and
developmental sequences, such as ASD. It is important to provide additional support for children with ASD
in their future acquisition of basic math skills. For this purpose, it is a smart alternative to use more up-to-
date technological tools instead of classical pencil and paper activities during the teaching phase.

Children with ASD are sensitive to affective, visual and auditory stimuli in terms of learning
characteristics [1]. Today, tablet computer applications make a big difference in addressing the different
learning characteristics of children with ASD compared to other learning environments [18]. In the literature,
it is seen that mobile technologies are effective in creating personalized learning environments by taking into
account the individual differences of children with ASD, and it is recommended to use mobile technologies
and student-oriented applications to provide these individuals with many skills.

As these technologies are used in many fields of education, including special education. Individuals
with ASD provide the opportunity to learn at the desired place and time with many different devices. Among
these technologies, the most widely used ones have been the new generation tablet computers [19]. These
gadgets are typically selected since they support both technologies and are both lighter and larger than
laptops and cellphones. Tablets are becoming more and more popular as one of the six new emerging
technologies that may have a significant impact on teaching and learning in the educational sector [20]. The
learning process has many benefits, including stimulation, motivation, usability, accessibility, and
connectedness, among others [21]. Students' active participation in mathematics learning domains on tablets
enables youngsters to efficiently access new learning platforms and acquire new knowledge.
Additionally, beautiful surroundings are thought to be important learning enhancers for kids and students
with ASD [22]-[27].

Digital media may expose kids to abstract ideas that were previously thought to be too sophisticated
for their age [28] or for their way of thinking in the case of kids with ASD. Because sophisticated learning
settings like digital media can offer children differentiated instruction, enabling them to take an active role in
their education and activating diverse parts of their brains, leading to better intellectual growth [29]. By
integrating digital technologies into current classroom practices, digital technologies have the potential to
completely change how mathematics is taught and learned. They also establish a connection between
mathematical skills and knowledge that may be enhanced in learning environments that effectively utilize
technology and software designed with development in mind [30]. Math may be made more interesting,
useful, and relevant by the use of digital activities in the right instructional context [31]. Digital exercises that
investigate a particular issue or impart a certain ability, like Cardinal principles, are extremely successful.
The Cardinal Principle—which states that the final number tallied is the count of a set—can be taught to
children by asking them for both the tangible amount and the abstract number [32]—and Cardinality are
reinforced. The idea that numbers can be used to count everything, including discrete things and sections of
objects, is encouraged by the use of multiple representations [32], [33]. Manipulatives are used for counting
and can represent a physical quantity. In arithmetic instruction, they have typically been considered to be
helpful. Concrete manipulatives increased recall, problem-solving, transfer, and justification of solutions
when compared to abstract symbols, according to research comparing the impact of education with both [34].
However, the effect sizes for the more sophisticated abilities were modest, maybe as a result of the
inconsistent quality and complexity of manipulatives. Keeping two representations of the same thing, as both
a sign for something else and something in and of itself, may be challenging for children with ASD. Objects
designed to represent abstract ideas are called manipulatives. Children's capacity to learn the symbolic
meanings is hampered if their object meaning is salient to them.

The transition from utilizing concrete manipulatives for multi-digit numbers to only using numerals
needs to be made more clearly for children with ASD. This can be accomplished by employing vibrant little
circles, or "dots," as a counting tool for digital activities. These vibrant little circles can be visualized as
semi-abstract ideas that help people understand numbers and give them a plan of action. Given the chance to
first develop a tangible understanding of the math concept or talent, children with arithmetic learning
difficulties, such as those with ASD, are far more likely to be able to perform that math ability and genuinely
appreciate abstract mathematical concepts.
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To ensure that students fully understand the arithmetic concepts and skills they are learning, a
concrete-to-representational-to-abstract teaching process is implemented. When kids use different forms of
expression, they can learn from each other's views and ideas and discover other types of thinking [35].
Children can learn to reason about the similarity of concepts and to recognize similarities in things
(representations) that have radically distinct appearances [36]. With the use of semi-concrete-colored circles,
teachers provide students numerous chances to practice and show that they have mastered a skill. At the
representational (semi-concrete) level, the math concept or skill is modeled using circles that imprint pictures
for counting. At the abstract level, the mathematical concept of addition is eventually depicted (using only
numbers and mathematical symbols).

Educators can utilize an educational framework called concrete-representational-abstract (CRA)
sequencing instruction, which is an evidence-based practice (EBP), to teach mathematics in sequential
fashion. Concrete manipulations, visual representations, and abstract notations are the three learning stages of
CRA. For pupils with disabilities, using explicit instruction is advised [37]. In explicit instruction, the teacher
first demonstrates the concept to the class, then prompts or cues them as they move on to answering the topic
on their own. The first stage of CRA involves presenting mathematical ideas to children in a practical or
concrete way so they may interact with the manipulatives. In the following phase, the mathematical concepts
are presented at a semi-concrete or representational level, and in the last stage of CRA, the mathematical
concepts are presented at an abstract level using numbers and symbols rather than visuals. Students are
expected to grasp the mathematics at each level by moving from concrete to representational to abstract
stages and making connections between them, which is a fundamental part of CRA. However, it could be
challenging for kids with ASD to retain two representations of the same thing—one as a sign for another
thing and the other as something distinct. Objects designed to represent abstract ideas are called
manipulatives. Children's capacity to learn the symbolic meanings is hampered if their object meaning is
salient to them. The transition from utilizing concrete manipulatives for multi-digit numbers to only using
numerals needs to be made more clearly for children with ASD. For children with ASD, the three stages of
CRA can be modified, and the concrete manipulation stage can be changed to semi-concrete-
representational-abstract, which includes a graphical representation and abstract notations. Because students
with ASD learn differently from their peers [2], [38] individualizing the intervention for these individuals
through adaptations is a potential approach. Additionally, CRA has been shown to be successful in teaching
math skills in recent studies of students with ASD [39]-[41].

The aim of this research is to determine the effectiveness of the applications offered with
tablet-mediated intervention in learning pre addition skills of students with ASD. What is the continuity and
generalization of the pre-addition applications offered with the tablet-mediated intervention? Questions will
also be answered. In addition, what is the social validity of the family's study in learning the pre-addition
skills of students with ASD through the applications offered with the tablet-mediated intervention? question
will be answered.

2. RESEARCH METHOD
2.1. Participants and setting

Three male students with ASD in the Turkish Republic of Northern Cyprus participated in the
research. Special education teachers were interviewed to determine the participants included in the study, and
three participants were determined to do one-to-one education at home, with the permission of the parents of
the students with ASD who could not achieve success in counting objects and simple addition skills in more
than a year. All three participants ca not perform one-to-one correspondence; the ability to count objects by
assigning a specific number to each object where no items are counted more than once or skipped.

The evaluation and determination of the levels of the participants and the reinforcement choices
were carried out in the presence of the parents. Attention was paid to ensure that the prerequisite features
were met in the participants who will be included in the study. These features are: i) They can be summarized
as having a mean length of utterance of 1.7; ii) Having the ability to count rhythmically to 10, having the
ability to focus on the tablet for 10 minutes; and iii) Having the concept of seven basic colors. Accordingly,
three male students with ASD and prerequisite qualifications were determined as participants. Additionally,
the reason why the education is carried out at home is that special education schools are closed during
the pandemic.

The first participant, Doga, is seven years old and attends a public school in the Turkish Republic of
Northern Cyprus (TRNC) as an inclusion student. He is also attending part-time at a special education
institution. Doga has been receiving various special education supports since he was four years old. When he
first started special education, he had many stereotypic and challenging behaviors and could communicate
with three two-syllable words. Doga continues to a private education institution after school on weekdays.
However, due to the closure of schools due to the pandemic that started in 2019, the participant's education
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had to be interrupted. For this reason, the research was carried out at home and one-to-one during the period
when the participants' schools were closed. Doga has a playmate and they play games together every time he
comes from school. He can perform self-care skills such as dressing, brushing teeth, and eating. He can fulfill
the short instructions within the two performances given to him in a row and can count up to 20 rhythmically.
However, when each number starts to count, it tends to complete the number to 10. When being asked to stop
at a certain number while counting, Doga finds it difficult to stop.

The second participant, Mehmet, is eight years old and attends a special education institution in the
TRNC. Mehmet has been attending inclusive education and special education school from an early age. With
the pandemic that started in 2019, Mehmet faced problems in continuing to a special education institution:
while his parents are at work, Mehmet stayed at home alone. In mathematical skills, he can count up to 20
rhythmically and can read and write his name. The mean length of utterance in communication is 1.5.
Mehmet can follow three-step instructions. He can use tablet computers comfortably. Mehmet has difficulty
in maintaining his attention while studying with his special education teacher, but when he gets support for
his attention, he can take part in the education practice for 12 minutes.

The third participant Ahmet is eight years old and attends a public school in the TRNC as an
inclusion student. At the same time, Ahmet attends a special education institution part-time. Ahmet could not
continue his education since all special education schools were closed during the pandemic. Ahmet continued
his school with distance education. Ahmet can count up to 20 rhythmically in his mathematics skills and he is
at the end of the first grade first semester in his literacy skills. The mean length of utterance in
communication is 2. Able to follow three-step instructions. Ahmet can use tablets and phones effectively. In
terms of attention span, Ahmet was able to stay active in the activity for 20 minutes.

2.2. Preparation of teaching material

The teaching material was created using Vegas pro 15 layer-based working media program. Vegas
pro 15 offers a platform where audio editing can be done as well as various visual arrangements. Although
the program is generally used for video editing, it allows editing in photos by using program’s layered
structure. Another program used in the preparation of teaching material is "Adobe Animate". Adobe Animate
is a software/animation program based on Adobe Flash. The program is in Turkish and has a visualized
interface. Using Adobe Flash infrastructure makes the program integrated into Android and 10S mobile
operating systems. Therefore, an application developed here is suitable to work in all digital ecosystems. In
addition, with the ready-made code sequences that the program contains, whatever action is desired can be
selected and applied without the need for coding knowledge. In this way, the desired application can be
carried out as planned.

2.3. Experimental design

A therapy choice based on a sample of many participants may not be valid when applied to
individuals who have a specific diagnosis like ASD, despite the fact that group comparison study with
a bigger number of participants is quite helpful. This case report approach does not allow conclusions to be
drawn about the efficacy of interventions because it is challenging to gather large homogeneous samples or
conduct case reports. Single subject designs enable comparisons between participants, behaviors, or
environments, and the intervention is methodically managed via repeatable data collection. Single-subject
designs repeated data points (typically taken prior to intervention to establish a baseline) are followed by
a series taken during intervention, and in the final phase generalization and maintenance may provide more
appropriate conclusions to particular types of questions in special and inclusive education [42]. To strengthen
internal and external validity, the study must be duplicated across people, behaviors, and contexts
(one of these three things) if a meaningful change results from the intervention. Multiple-probe design, which
combines multiple-baseline and probe [43] methods across patients, was employed in this study. To measure
the effect of the intervention on participants' ability to choose the appropriate pictorial representation for the
provided arithmetic notation skills, we used a multiple probe across participant design in this study.
We included baseline, intervention, maintenance, and generalization conditions.

2.4. Intervention processes

The practice sessions were started after the baseline data of three sessions had been collected from
the first participant. Then intervention sessions were performed after getting baseline probes. Intervention
sessions were performed with each target stimulus or skill in the study sets which contains 10 trials. The
training sessions were finalized when the participant performed desired skill which is matching the correct
referent of semi-abstract sample with the correct mathematical process. For this step participant has to select
the correct sample among two. If the participant selects the wrong sample by touching the screen, the sample
disappears from the screen. This way tablet screen contains only the correct sample. If this is the case
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practitioner gives feedback and explains the whole process all over again. Then practitioner moves to the
next sample. The data on effectiveness were collected and the effectiveness data of this study were recorded
as the correct reactions given by the participants. Since the skill instructions do not give information to the
participant about how to perform the skill, but only indicate what to do, the practitioner included the teaching
process of presenting the hint starting from the maximum hint and gradually decreasing during the teaching
phase. The controlling hint consists of presenting the simplest and shortest answer to the aforementioned
questions by showing them on the figure. The researcher supported the participants to perform the skill
independently by withdrawing the controlling prompt in accordance with their own learning speed, taking
care to use the same group of clues throughout the entire application process. The desired response interval
was determined as an average of three seconds. The responses of the participant were handled as correct
response, incorrect response and no response. In order to help the student to have the desired reaction
between the landscaping procedures, the environment around the individual was arranged. One-on-one
training was carried out by placing the activity material in front of the table, which was placed away from the
window. Each session is planned to be 14-17 minutes. The practitioner used the video recording method to
collect the data more accurately, then marked the data of the teaching process on the "data collection form"
after watching the videos.

Table 1. Intervention steps developed by the first author

Intervention steps Step explanation Step example
Step 1 Went to table with only the tablet on the table Made sure there were no items on the table
Step 2 Participant showed same colored circle images (semi-
concrete) on the tablet
Step 3 Participant determined the (same colored) number of  Took the participant's hand and helped them

circle images (semi-concrete) and showed the select a response.
associated number (abstract) in the addition sentence
on the tablet

Step 4 Participant determined the (next same colored) Took the participant's hand and helped them
number of circle images (semi-concrete) and showed  select a response.
the associated number (abstract) in the addition
sentence on the tablet

Step 5 Participant determined the (same colored) number of = The practitioner explains “Symbol used to
circle images then count on next same colored circle indicate Addition is + (plus symbol)”. The
images and said the final added number (sum) and practitioner became a model for the participant

showed it in the addition sentence on the tablet and read the math sentence.
If the participant points to the wrong one of the two

addition sentences and taps on it, this wrong answer 2 3 N 5
is automatically deleted and only the correct addition + =
sentence is left on the screen. O X X

Then the practitioner gave feedback by re-teaching
the correct operational procedure by using the correct
addition sentence on screen.

Step 6 The process continued until the participant performed  Reinforcer; “You know very well, well
the skill in a way that was independent with the help  done”Sound; “Clapping hends”
of reinforces.

Cok Guzel Bildin Aferin :)

2.4.1. Dependent variable

Data collection occurred six days a week, immediately after the tablet-based questioning during
baseline, after instruction during intervention and after intervention generalization and maintenance. The
dependent variable was the number of correct answers in determining the right pictorial representation to the
given arithmetic notation skills within average three for the response to be considered correct.

2.4.2. Inter-observer reliability

Since the practitioner could monitor whether the instructions collected for internal validity were
followed as intended by watching the video recordings, all sessions were primarily videotaped for coding
purposes. The first author then educated two coders with prior knowledge of ASD (for example, two
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doctorate students), and training went on until coders obtained 85% agreement on two consecutive movies,
which we reached after watching three videos. Then, for each participant, we chose 80% of the sessions from
each condition at random. By dividing the number of agreements by the total number of items and
multiplying by 100, inter-observer dependability was computed [44]. IOA (interobserver agreement) ranged
from (91.2 to 94.1%) at baseline to (90.3 to 92.1%) during the intervention.

3. RESULTS AND DISCUSSION
3.1. Data analysis

In order to perform formative visual analysis within and between circumstances, we examined the
data. Changes in level, trend, and variability are features that are given for conditions. Changes in data
patterns, the speed of change, and overlap are characteristics for adjacent conditions. Figure 1 Number of
correct responses in determining the right pictorial representation to the given arithmetic notation skills; we
included baseline, intervention, maintenance and generalization conditions.

Baseline Maintenance Generalization
Intervention Participant D
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Figure 1. Number of correct responses in determining the right pictorial representation to the given arithmetic
notation skills; including baseline, intervention, maintenance and generalization phases.

3.2. Effectiveness

Effectiveness data were collected for the baseline, intervention, maintenance, and generalization
sessions. Figure 1 shows that all the participants’ baseline data is at a level of 0 before intervention. During
intervention phase all the participants are showing a positive slope which resembles increased skill
performance. There is one-point drop in intervention phase for participant D and it is seen that the
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participants achieve independence in skills with 5-6 intervention sessions. It is possible to see similar positive
results in maintenance and generalization sessions. Moreover, there is no overlapping data in the graphic
Figure 1. Additionally, the social validity scores determined by the classical social validity questions and
family views were obtained to be high. Depending on these view families questioned why their children had
not learned the related skill for more than a year if results could be obtained so quickly.

3.3. Limitations and future research

This study has some restrictions that must be taken into account. External validity, internal validity,
data processing by visual inspection, and most notably the small number of participants, are some of these
drawbacks. Internal validity can be strengthened by replicating relevant studies, and design controls for
frequent challenges to internal validity can be carried out. We used design controls with an additional check
list and collected intraobserver data as before in order to boost internal validity. In this study, inter-observer
reliability and procedural integrity were two forms of reliability data that were gathered. The research's inter-
observer reliability was found to be 100% for the study's first participant, 95% for its second, and 89% for its
third. While the research's procedural integrity practice was estimated to be 98%. When analyzing data by
visual examination, it is important to carefully consider the level, trend, variability, immediacy of the effect,
overlap, and consistency of data patterns both within and between phases. We carry out the generalization
phase to ensure an accurate external validity. For limited number of participants, this disadvantage can be
improved through the replication of the study. The results of this study also suggested that future studies can
examine how the pre addition activities can be effectively integrated into the math interventions for children
with ASD.

4. DISCUSSION

The aim of this research is to determine the effectiveness of the applications offered with tablet-
mediated intervention in learning pre addition skills of students with ASD. In the research, high level and
stable data were obtained after 4-6 sessions. High-level and stable data were also preserved in the
maintenance and generalization sessions as well. Moreover, the social validity data showed that the families
were also satisfied with the application.

As a result, students with ASD could have trouble understanding abstract ideas like the
mathematical symbols that are used so frequently. For certain students, the transition to symbolic and abstract
representation may be mentally exhausting or developmentally difficult [39]-[41]. Therefore, before solving
equations at the symbolic, abstract level, certain students may need additional scaffolder training [37]. Visual
aids are helpful while studying math, and they can be utilized to promote pupil learning as they progress. As
a result, visual aids are included in a variety of mathematics interventions for students with ASD, including
presentations with tablet-mediated interventions. Concrete-representational-abstract (CRA) sequencing is
used in tablet-mediated treatments to systematically enhance students' development from non-symbolic to
abstract skills. The progressive transition from the concrete level to the abstract level encourages proficiency
at each level, but it takes time to adjust to working with abstract numbers and symbols. Whereas the
programs offered with tablet applications shorten the learning time considerably. In this study, the positive
results that could not be achieved by teaching with pencil-paper studies in two semesters enabled the students
to acquire pre-addition skills in a short time with tablet applications. Although it is known that the
generalization in single-subject studies is quite limited, it gives the impression of a fun and successful
method that teachers who teach children with ASD, that have difficulty in transitioning from concrete to
abstract, can include tablet-mediated interventions in their practices.

Digital activities in mobile technologies have been said to increase children's opportunities to learn
and practice skills in an active learning environment. It can make mathematics more meaningful, applicable,
and interesting. Because of this, children's poor arithmetic performance globally demonstrates the need for a
better method of teaching math ideas than the conventional method.

Children begin learning to count at age two, although they may not necessarily understand the
cardinal meanings of the numbers until they are four or five years old [45]. Early childhood education
pioneers such as Montessori, Plato, Pestalozzi, Froebel, Owen, and Dewey believed that young children
should learn mathematics through play in light of this growth [46]. Many early educators and academics
agree that using tangible objects is an important part of effective arithmetic instruction in the primary grades
[47]. One of the evidence-based practices (EBP) that teachers can use to teach mathematics sequentially
through the three phases of learning—concrete manipulations, pictorial representations, and abstract
notations—is physical-representational abstract (CRA) sequencing instruction.

According to the neurodiversity-related uniqueness, certain ASD youngsters may find it difficult to
draw links between object counting and cardinal processing. If this situation persists, kids run the risk of
being unable to do basic math operations like addition and subtraction. The abstract nature of mathematics
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and the neurodiversity among students with ASD can be overcome with new methods and clear instructions.
In this study, explicit instruction using mobile technology was used to replace concrete-representational-
abstract (CRA) sequencing instruction with representational-abstract sequencing instruction.

Our representational-abstract sequencing instruction data results provide credence to the idea that
tablet-based learning can improve pre-addition task performance (choosing the appropriate graphical
representation for the given arithmetic notation skill). These results are in line with other research [41], [48]
that argues that when mathematical activities are engaging and enable kids to learn about and explore
mathematical ideas through a variety of stimuli, they can successfully aid in the development of their
mathematical aptitude.

5. CONCLUSION

The learning of mathematics presents numerous difficulties for students with ASD, yet there is little
research to support interventions in this area. It may be difficult for students with ASD to process
mathematical language. Related research data reveal that tablet-mediated intervention is an effective method
in teaching pre-addition skills. Looking at education from the framework of what the child needs to learn
today for a skill that he or she should do in the future will support us to write meaningful behavioral goals
while creating an individualized education plan. This is particularly the case for math skills, where the topics
are woven together like a spiral. Even though we teach the subjects on discrete basis, at the end of the day,
associating mathematics subjects with each other is one of the building blocks in the development of a rich
understanding of mathematics. In this way, the way for deeper learning will be opened by supporting
the establishment of weak connections between mathematical skills, which is the missing point of
discrete applications.

REFERENCES
[1]  A. P. Association, “Diagnostic and statistical manual of mental disorders: DSM-5,” 5th ed. American Psychiatric Publishing, vol.
10, 2013.

[2] D. Keen, A. Webster, and G. Ridley, “How well are children with autism spectrum disorder doing academically at school? An
overview of the literature,” Autism, vol. 20, no. 3, pp. 276-294, Apr. 2016, doi: 10.1177/1362361315580962.

[3] P.J.S. Whitby, J. C. . Travers, and J. H. L, “Academic achievement and strategy instruction to support the learning of children
with high-functioning autism,” Beyond Behavior, pp. 3-10, 2009.

[4] S. A.King, C. J. Lemons, and K. A. Davidson, “Math Interventions for Students With Autism Spectrum Disorder,” Exceptional
Children, vol. 82, no. 4, pp. 443-462, Jul. 2016, doi: 10.1177/0014402915625066.

[5] S. Baron-Cohen, S. Wheelwright, A. Burtenshaw, and E. Hobson, “Mathematical talent is linked to autism,” Human Nature, vol.
18, no. 2, pp. 125-131, Sep. 2007, doi: 10.1007/s12110-007-9014-0.

[6] J. C. Bullen, L. Swain Lerro, M. Zajic, N. MclIntyre, and P. Mundy, “A developmental study of mathematics in children with
autism spectrum disorder, symptoms of attention deficit hyperactivity disorder, or typical development,” Journal of Autism and
Developmental Disorders, vol. 50, no. 12, pp. 4463-4476, Dec. 2020, doi: 10.1007/s10803-020-04500-9.

[71 S. Maye and S. Calhoun “Analysis of WISC-IIl, Stanford-Binet:V, and academic achievement test scores in children with
autism,” Journal of Autism and Developmental Disorders, vol. 33, no. 3, pp. 329-341, 2003, doi: 10.1023/A:1024462719081.

[8] D. L. Williams, G. Goldstein, N. Kojkowski, and N. J. Minshew, “Do individuals with high functioning autism have the IQ
profile associated with nonverbal learning disability?,” Research in Autism Spectrum Disorders, vol. 2, no. 2, pp. 353-361, Apr.
2008, doi: 10.1016/j.rasd.2007.08.005.

[9]1 Y. Deringol, A. N. Zengin and S. Ozturk, “The effect of jigsaw ii technique on mathematic attitudes and constructive learning,”
International Online Journal of Primary Education, vol. 10, no. 2, pp. 344-360.

[10] A. Karabulut, U. Ozkubat, and A. S. Ugar, “Examining the effectiveness of reader strategy in intellectually disabled students
mathematical problem solving,” International Online Journal of Primary Education, vol. 10, no. 2, pp. 397414, 2021.

[11] N. G. Ozler and G. Akgamete, “Effectiveness of Video Modeling in Teaching Computer Skills to Students with Intellectual
Disabilities,” Journal of Education and Learning, vol. 11, no. 1, p. 40, Nov. 2021, doi: 10.5539/jel.v11n1p40.

[12] A.J. Baroody et al., “School readiness and later achievement,” Developmental Psychology, vol. 46, no. 1, pp. 1428-1446, 2014,
doi:10.1016/j.jecp.2013.08.010

[13] L. Chen et al., “Quantitative analysis of heterogeneity in academic achievement of children with autism,” Clinical Psychological
Science, vol. 7, no. 2, pp. 362-380, Mar. 2019, doi: 10.1177/2167702618809353.

[14] D. C. Geary, “Early foundations for mathematics learning and their relations to learning disabilities,” Current Directions in
Psychological Science, vol. 22, no. 1, pp. 23-27, Feb. 2013, doi: 10.1177/0963721412469398.

[15] P. L. Morgan, G. Farkas, and Q. Wu, “Kindergarten children’s growth trajectories in reading and mathematics,” Journal of
Learning Disabilities, vol. 44, no. 5, pp. 472—-488, Sep. 2011, doi: 10.1177/0022219411414010.

[16] J. Sayers, P. Andrews, and L. Bjorklund Boistrup, “The Role of Conceptual Subitising in the Development of Foundational
Number Sense,” Mathematics Education in the Early Years, 2016, pp. 371-394. doi: 10.1007/978-3-319-23935-4_21.

[17] M. L. Lé and M. P. Noél, “Preschoolers’ mastery of advanced counting: The best predictor of addition skills 2 years later,”
Journal of Experimental Child Psychology, vol. 212, 2021, doi: 10.1016/j.jecp.2021.105252.

[18] E.R. Hong et al., “A meta-analysis of single-case research on the use of tablet-mediated interventions for persons with ASD,”
Research in Developmental Disabilities, vol. 70, pp. 198-214, 2017, doi: 10.1016/j.ridd.2017.09.013.

[19] S. Papadakis, M. Kalogiannakis, and N. Zaranis, “Teaching mathematics with mobile devices and the realistic mathematical
education (RME) approach in kindergarten,” Advances in Mobile Learning Educational Research, vol. 1, no. 1, pp. 5-18, 2021,
doi: 10.25082/amler.2021.01.002.

JEdu & Learn, Vol. 17, No. 1, February 2023: 35-43



JEdu & Learn ISSN: 2089-9823 a 43

[20]
[21]
[22]

[23]

[24]

[25]

[26]

[27]
[28]
[29]

[30]

[31]

[32]
[33]
[34]
[35]
[36]
[37]

[38]

[39]

[40]
[41]
[42]
[43]
[44]
[45]
[46]
[47]

[48]

L. Johnson, R. Smith, H. Willis, A. Levine, and K. Haywood, “NMC horizon report: 2011 Higher education edition,” The New
Media Consortium, 2011.

M. L Furenes, N. Kucirkova, and A. G. Bus, “A comparison of children’s reading on paper versus screen: A meta-analysis,”
Review of Educational Research, vol. 91, no. 4, pp. 483-517, Aug. 2021, doi: 10.3102/0034654321998074.

J. Kim, J. Gilbert, Q. Yu, and C. Gale, “Measures matter: A meta-analysis of the effects of educational apps on preschool to grade
3 children’s literacy and math skills,” AERA Open, vol. 7, p. 233285842110041, Jan. 2021, doi: 10.1177/23328584211004183.
C.E. Burton, D.H. Anderson, M.A. Prater, and T.T. Dyches, “Video self-modeling on an ipad to teach functional math skills to
adolescents with autism and intellectual disability,” Focus on Autism and Other Developmental Disabilities, vol. 28, no. 2, pp.
6777, 2013.

E. L. Jowett, D. W. Moore, and A. Anderson, “Using an iPad-based video modelling package to teach numeracy skills to a child
with an autism spectrum disorder,” Developmental neurorehabilitation, vol. 15, no. 4, pp. 304-312, Aug. 2012, doi:
10.3109/17518423.2012.682168.

T. Ntalindwa, M. Nduwingoma, E. Karangwa, T. Rashid Soron, A. Uworwabayeho, and A. Uwineza, “Development of a mobile
app to improve numeracy skills of children with autism spectrum disorder: Participatory design and usability study,” JMIR
Pediatrics and Parenting, vol. 4, no. 3, p. €21471, Aug. 2021, doi: 10.2196/21471.

P. O’Malley, M. E. B. Lewis, C. Donehower, and D. Stone, “Effectiveness of using ipads to increase academic task completion by
students with autism,” Universal Journal of Educational Research, vol. 2, no. 1, pp. 90-97, Jan. 2014, doi:
10.13189/ujer.2014.020111.

P.-L. Weng and E. C. Bouck, “Using video prompting via iPads to teach price comparison to adolescents with autism,” Research
in Autism Spectrum Disorders, vol. 8, no. 10, pp. 14051415, Oct. 2014, doi: 10.1016/j.rasd.2014.06.014.

D. A. Lieberman, C. H. Bates, and J. So, “Young children’s learning with digital media,” Computers in the Schools, vol. 26, no. 4,
pp. 271-283, Nov. 2009, doi: 10.1080/07380560903360194.

L. Sysoev, A. Hershman, S. Fine, C. Traweek, and D. Roy, “Speechblocks: A constructionist early literacy app,” in Proceedings of
the 2017 Conference on Interaction Design and Children, Jun. 2017, pp. 248-257. doi: 10.1145/3078072.3079720.

Y. Mowafi and 1. Abumuhfouz, “An interactive pedagogy in mobile context for augmenting early childhood numeric literacy and
quantifying skills,” Journal of Educational Computing Research, vol. 58, no. 8, pp. 1541-1561, Jan. 2021, doi:
10.1177/0735633120947351.

A. Bray and B. Tangney, “Enhancing student engagement through the affordances of maobile technology: A 21st century learning
perspective on realistic mathematics education,” Mathematics Education Research Journal, vol. 28, no. 1, pp. 173-197, Mar.
2016, doi: 10.1007/s13394-015-0158-7.

R. Gelman and C. R. Gelman, “The child’s understanding of number,” Harvard University Press, 2009.

M. Montessori, Psychoarithmetic: Arithmetic developed under the guidelines outlined by child psychology, Amsterdam, 1978.

K. J. Carbonneau, S. C. Marley, and J. P. Selig, “A meta-analysis of the efficacy of teaching mathematics with concrete
manipulatives,” Journal of Educational Psychology, vol. 105, no. 2, pp. 380—400, May 2013, doi: 10.1037/a0031084.

A. Ahlberg “Communicating mathematics in primary school,” In J. Emanuelsson, L. Fainsilber, J. Haggstrom, A. Kullberg, B.
Lindstrom, and M. Léwing, Eds. Voices On Learning And Instruction In Mathematics, pp. 79-95. 2011.

A. Sfard and L. Lavie, “Why cannot children see as the same what grown-ups cannot see as different? - Early numerical thinking
revisited,” Cognition and Instruction, vol. 23, no. 2, pp. 237-309, 2005, doi: 10.1207/s1532690xci2302_3.

S. R. Powell, “Connecting evidence-based practice with implementation opportunities in special education mathematics
preparation,” Intervention in School and Clinic, vol. 51, no. 2, pp. 90-96, Nov. 2015, doi: 10.1177/1053451215579269.

P. J. Schaefer Whitby, “The effects of solve it! on the mathematical word problem solving ability of adolescents with autism
spectrum disorders,” Focus on Autism and Other Developmental Disabilities, vol. 28, no. 2, pp. 78-88, Jun. 2013, doi:
10.1177/1088357612468764.

M. M. Flores, V. M. Hinton, S. D. Strozier, and S. L. Terry, “Using the concrete representational-abstract sequence and the
strategic instruction model to teach computation to students with autism spectrum disorders and developmental disabilities,”
Education and Training in Autism and Developmental Disabilities, vol. 49, no. 4, pp. 547-554, 2014.

S. Stroizer, V. Hinton, M. Flores, and L. T. Terry, “An investigation of the effects of CRA instruction and students with autism
spectrum disorder,” Education and Training in Autism and Developmental Disabilities, vol. 50, no. 2, pp. 223-236, 2015.

A. Akin, “Is reading comprehension associated with mathematics skills: A meta-analysis research,” International Online Journal
of Primary Education, vol. 11, no. 1, pp. 47-61, Jun. 2022, doi: 10.55020/iojpe.1052559.

J. Z. Zanuttini, “Using a systematic review to explore single-subject design use within special education over time,” Australasian
Journal of Special and Inclusive Education, vol. 44, no. 1, pp. 1-14, Jul. 2020, doi: 10.1017/jsi.2020.4.

K. Jordan, “A comparison of multiple baseline family of designs, an analysis of a multiple probe study, and coaching for
practitioners.” University of Kentucky, Master thesis, 2020, doi: 10.13023/etd.2020.348.

J. R. Ledford and D. L. Gast, “Multiple baseline and multiple probe designs,” Single Case Research Methodology: Applications in
Special Education and Behavioral Sciences, Routledge, pp. 251-296, 2014.

K.Wynn, “Addition and subtraction by human infants,” Nature, vol. 359, pp. 710-713, 1992.

J. Wolfe, “Learning from the past: historical voices in early childhood education,” Piney Branch Press, 2002.

L. G. Marsh and N. L. Cooke, “The effects of using manipulatives in teaching math problem solving to students with learning
disabilities,” Learning Disabilities Research and Practice, vol. 11, no. 1, pp. 58-65, 1996.

B. L. Ingelin, S. Intepe-Tingir, and N. C. Hammons, “Increasing the number sense understanding of preschool students with
ASD,” Topics in Early Childhood Special Education, 2021, doi: 10.1177/02711214211006190.

Using a tablet-mediated intervention for teaching pre-addition skills to children with ... (Gl Kahveci)



