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Abstract

Background: Many teachers consider it challenging to teach children with autism spectrum disorder (ASD) in an inclusive
classroom due to their unique needs and challenges. The integration of information communication technology (ICT) in the
education system allows children with ASD to improve their learning. However, these ICT tools should meet their needs to lead
aproductive life.

Objective: This study aimed to examine the possibilities of re-creating and adapting digital content to improve the learning of
numeracy among children with ASD in inclusive school settings.

Methods: We conducted 7 focus group discussions (FGDs) with 56 teachers from 7 schools and 14 parents from April to
November 2019. Each of the FGDs took around 1 hour. Two clustered sets of questions were used: (1) general knowledge about
teaching children with ASD and (2) analysis of selected online educational video content of early math (specifically, counting
numbers). The researchers used video to understand current methodol ogies used in teaching children with ASD, possihilities of
adaptation of the content in the current teaching environment, future challenges when the content is adapted, and possibl e solutions
to overcome those challenges. All data, including audio recordings, field notes, and participants’ comments, were transcribed,
recorded, and analyzed following the steps recommended in qualitative data anaysis.

Results: The researchers identified ten themes from the analysis of the data: (1) awareness of the existence of ASD among
children in schools and the community, (2) acceptance of children with ASD in an inclusive classroom and the community, (3)
methods and models used when teaching children with ASD, (4)realia used to improve the learning of children with ASD, (5)
the design of educational digital content, (6) the accessibility of online educational content, (7) quality of the content of the
educational multimedia, (8) the opportunity of using the translated and re-created content inside and outside the classroom, (9)
the relevance of the digital content in the Rwandan educational system, and (10) enhancement of the accessibility and quality of
the digital content. We found that participants assumed that the content trandlation, gamification, and re-creation would help
teach children with ASD. Moreover, they recommended contextualizing the content, increasing access to digital devices, and
further research in the education of different subjects.

Conclusions:  Although many studies have identified the possibilities of using ICT to support children with ASD, few studies
have documented the possibilities of integrating the existing technologies tested in the international community. This study is
charting new territory to investigate online content to suit the context of schools. This study recommends further exploration of
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possible methodologies, such as applied behavior analysis or verbal behavior therapy, and the development of contextualized
technologies that respond to the educational needs of children with ASD.

(JMIR Serious Games 2022;10(2):€28276) doi: 10.2196/28276
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Introduction

Autism spectrum disorder (ASD) is a neurodevelopmental
disorder that appears during the devel opmental period when the
accommodation process starts [1]. The prevalence of autism
has increased in recent years, and many people with this
condition livein low- and middle-income countries, while only
about 1% of research studies have represented these countries
in the past decade [2]. The situation is especially disappointing
for children with autism, who have specific needs and different
behavioral patterns in sub-Saharan Africa than in developed
countries.

Children with disahilities face challenges when learning in an
inclusive environment [ 3]. These challenges become critical for
childrenwith ASD [4]. Morethan half of childrenwithlearning
disabilities enrolled in primary education in Rwanda drop out
of school at an early age [5].

According to the National Commission for Persons with
Disabilities (NCPD) and National Commission for Children
(NCC) [6], few centers care for children with disabilities,
because the cost of education for children with ASD isstill high,
making it difficult for them to continue with their studies. Some
schools and centers are still facing the problem of accessing
information communication technology (ICT) toolsto improve
the learning of children with ASD. However, a good number
of primary education schools are equipped with computers
obtained through initiatives such as One Laptop per Child [7]
and the Computer on Loan scheme[8]. Theseinitiatives created
the opportunity to use technology to enhance students’ learning
regardlessof their level of learning ability. Several studies[9-12]
have shown that ICT integration in the classroom supports
children with ASD and other developmental disabilities.

The Rwanda Ministry of Education [13] has developed a
competence-based curriculum framework with 7 key
competencies: literacy, numeracy, | CT, citizenship and national
identity, entrepreneurship and business development, science
and technology, and communication in the official languages.
Literacy and numeracy are basicsto accessing learning in other
subjects. The Rwanda competence-based curriculum statesthat
all children must be equipped with skills in computing at the
end of the basic education program. They should also be able
to use numerical patternsand relationsto solve problemsrelated
to everyday activities, for example, in commercia contextsand
financial management, and interpret basic statistical data using
tables, diagrams, charts, and graphs [14].

Children with ASD may enjoy basic arithmetic if the content
isgamified using multimedia[10]. According to Spek et al [11],
gamification of content for the learning of children with ASD
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brings the opportunity to overcome limitations on accessibility
by fostering independence and assisting the children in social
relationships. Moreover, ICT has made the internet one of the
best resources for discovering entertaining activities that teach
and excite children with different learning disabilities.

Educational websites such as IXL Worldwide [12] and Khan
Academy [15] provide content to support thelearning of children
with learning disabilities, including dyslexia, dysgraphia,
attention deficit and hyperactivity disorder, and visual-motor
deficit. The introduction of gamification in Khan Academy
videos has proved promising to bring new ways of engaging
studentswith activitiesand providing val uable datafor teachers
[15,16]. Moreover, several studies [17-19] have shown that
online content for teaching mathematics positively impacted a
variety of learning environments. However, thereisno research
on using digital tools for intervention in children with ASD to
improve their learning of numeracy skills.

Studies by Abubakar [20] and Onaolapo [21] indicate that few
studies have focused on technology and education in ASD in
sub-Saharan Africa. Thus, existing online content hasyet to be
investigated for its ability to support the learning of children
with ASD in Rwanda. Thisstudy aimed to analyze how to adapt
the available digital content to enhance numeracy learning for
children with ASD in inclusive school settings.

Methods

Design and Setting

Thisthematic content analysis study was conducted from April
to November 2019 to examine how to adapt digital content to
improve learning for children with ASD in Rwanda by
developing a tailor-made educational mobile app [22]. The
researchersrecruited 70 participants, including 56 teachers and
14 parents, from atotal of 7 schools, including 5 in urban areas
and 2inrural areas. Only 2 of the urban schoolswerein Kigali,
the capital of Rwanda: Autisme Rwanda and Groupe Scolaire
(GS) Jabana; the remaining 3 were from different urban areas
in upcountry provinces. HVP Rwamagana (Eastern Province)
and Ubumwe Community Center (Western Province). College
des Amies de la Paix du Christ Roix (APAX), Janja (Northern
Province), and APAX Muramba were in the country’s rural
aress.

Within the group of teachers, there were 32 maes and 24
females, and in the group of parents, there were 6 malesand 8
females. The teachers taught subjects including mathematics,
elementary science and technologies, social sciences, and
languages.
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The researchers selected the schools based on data from the
National Commission of Persons with Disabilities [6] and our
previous study [9]. The parents were from the Rwanda Parent’s
Initiative on Autism [23]. The parentswere not required to have
achild enrolled in any school, but might have at least one child
with ASD. The inclusion criterion for the schools was that the
school had a program to care for children with any disability.

Data Collection

Theresearchers used focus group discussions (FGDs) to collect
the datafor this study. FGDswere conducted in a separate room
in each school to provide an environment where parents could
give accurate, complete, and sincere answers during the
discussion. The questions in the interview guide fell into two
categories: (1) general knowledge about teaching children with
ASD and (2) online video content for early math (specifically,
counting numbers) (Multimedia Appendix 1). The researchers
selected online content from Khan Academy, which focused on
early counting mathematics, based on its audiovisual features,
asthese can aid learning for children with ASD. Theresearchers
projected the selected educational video on a screen, and the
participants discussed the design layout and possible
modificationsto adapt it to the education of children with ASD
in the Rwandan context. The parents participated only in
discussing the online video content for early math. The
researchers chose to mix the questions according to the mission
of the visited school or center. Theinterviewslasted for 1 hour;
records and rel ated soft copies were kept confidential and were
saved on aphysical drive. In contrast, hard copies of the signed
consent forms were kept safe in the principa investigator's
office.

Data Analysis

Inthe analysis of the data, the researchersfollowed the six steps
of thematic content analysis recommended by Jugder [24] and
Caulfield [25]: (1) familiarization, (2) coding, (3) generating
themes, (4) reviewing themes, (5) defining and naming themes,
and (6) writing up. The researchers used conceptual reliability
to ensure the validity and reliability of the data at every step of
the analysis of the coded data by involving 18 teachers and 6
parents in coding and reviewing data [26].

We followed inductive, descriptive thematic analysis of the
FGD transcripts, following several steps. Firstly, transcripts
wereread and reread to establish familiarity with the data. Then,
initial codes that captured features of interest and importance
to the research questions were identified. Next, a coding
framework was developed by collating initial codes to create
candidate codes that meaningfully described the overall patterns
of participant responses in the data. Next, researchers and
representatives of the participants reviewed the transcripts to
ensurethat the coding framework captured participant responses.
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The team then coded the transcripts line by line to collate all
instances of patterns identified in the data. Finally, the team
collapsed the candidate codes to produce higher-order themes
that were then read for patterns of similarity and divergence
within and across each theme.

In the coding and review of themes, the researchers, teachers,
and parents answered the following questions: (1) Did we skip
any relevant information? (2) Do these themes represent the
data? and (3) Could any modifications make the theme better?
In this process, we split some themes and created new ones to
make them more valuable and accurate. Only researcherswrote
up the final manuscript, which wasthe last step of dataanalysis.
Data management was supported using the qualitative software
program NVivo (version 9; QSR International) [27]. Participant
demographic data were analyzed using SPSS-23 (IBM) [28].

Ethics Approval

Trained researchers from the University of Rwanda collected
the data from the participants. The research project passed
through the college ethical committee by following the
established process [29]: (1) presentation of the research
proposal, (2) submission of the application and toolsto be used
for ethical research clearance, and (3) review and approva of
the application by the ethical research committee (review
number 01/P-CE/635/EN/gi/2019) (Multimedia Appendix 2).
The researchers aso obtained formal informed consent from
the parents and teachers using the approval form (Multimedia
Appendix 3).

Results

Participant Characteristicsand Themes Identified by
the Analysis

Table 1 and Table 2 show the demographic characteristics of
the parents and teachers, respectively, who participated in the
study.

From the thematic analysis of theinterview transcripts captured
during 7 FGDs, the researchersidentified the following themes:
(1) awareness of the existence of ASD among children in
schools and community, (2) acceptance of children with ASD
in an inclusive classroom and in the community, (3) methods
and models used when teaching children with ASD, (4) redlia
used to improve the learning of children with ASD, (5) the
design of educational digital content, (6) accessibility of online
educational content, (7) quality of the content of the educational
multimedia, (8) opportunity of using the translated and
re-created content inside and outside the classroom, (9) the
relevance of the digital content in the Rwandan education
system, and (10) enhancement of the accessibility and quality
of the content.
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Table 1. Sociodemographic characteristics of the parents by location.
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Characteristics Kigali City = Eastern Province Southern Province  Northern Province  Western Province
Gender, n
Male 2 1 1 1 1
Female 4 1 1 1 1
Total 6 2 2 2 2
Age n
Less than 20 years 0 0 0 0 0
Between 20 and 25 years 0 0 0 0 0
Between 25 and 30 years 0 0 0 0 0
More than 30 years 6 2 2 2 2
Total 6 2 2 2 2

Table 2. Sociodemographic characteristics of the teachers by school.

Characteristics HVP-Gatagara HVP-Rwa APAX-Janja APAX-Muramba UbumweCom- Autisme GS Jabana
Kigdi magana munity Center  Rwanda
Gender, n
Mae 2 2 4 3 2 5 6
Female 6 6 4 5 6 3 2
Age, n
Less than 20 years 1 0 1 2 1 0 0
Between 20 and 25 years 5 6 5 4 2 3 3
Between 25 and 30 years 2 1 1 1 1 3 2
More than 30 years 0 1 1 1 4 2 3
Total 8 8 8 8 8 8 8
Years of experience, n
Lessthan 5 years 4 4 5 7 8 8 5
Between 5 and 10 years 2 3 3 1 0 0 3
Between 10 and 15 years 1 1 0 0 0 0 0
More than 15 years 1 0 0 0 0 0 0
Total 8 8 8 8 8 8 8
Subjectstaught, n
Mathematics 5 3 4 6 3 4 3
Science related 1 2 1 1 2 2 2
Social sciences 0 2 1 0 0 1 1
Languages 2 1 2 1 3 1 2

Awar eness of the Existence of ASD Among Children
in Schools and the Community

When asked about the presence of ASD among children
registered in their classes, 24 of the 56 teachers (43%) reported
that they were not aware of ASD among their students because
they manifest different behaviors. ASD is a spectrum, and can
range from low to high functioning ASD; not all children with
ASD arethe same. Unfortunately, this makes educators confuse
children with ASD with children with other cognitive

disabilities.
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ASD isnot yet well known in the Rwandan community, which
resultsin various misunderstandings of the behavior of children
with ASD infamilies. Eight teachers suggested that diagnosing
children before they begin school could facilitate them in
identifying teaching methods and content for children who may
have ASD. One parent reported never knowing what ASD was
before confirming his child’s diagnosis at a hospital. The
increase of qualified medical personnel in all hospitals with
professional diagnostic tools and collaboration with educators
is a solution to raise awareness of ASD in schools to prepare
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personalized learning materials for children on the autism
spectrum.

Acceptance of Children With ASD in an Inclusive
Classroom and Community

In the sample of teachers who participated in the FGDs, 32 of
56 (57%) teachers reported difficulties teaching children with
ASD in the same classroom as children without cognitive
disabilities. The behavior of children with ASD is afactor that
createsdifficultiesin accepting childrenwith ASD inall schoals.
However, some participants reported including children with
ASD in schools when educators received training in specia
education for children with ASD and personalized teaching
material. The teachers also said that trained educators and
teaching aids were more effective if they integrated assistive
technologies into their teaching and learning activities. The
integration of assistive technologies such as with ICT when
teaching children with ASD could bring greater success to the
inclusion of children with ASD in the Rwandan education
system.

Methods Used When Teaching Children With ASD

This theme elucidated models used to support children with
ASD in the educational environment. Teachers understood how
to apply the applied behavior analysis model in a classroom
environment and weretrying to implement strategiesto motivate
children with ASD to stay focused while learning. Eight of 56
teachers (14%) reported that children with ASD needed quick
motivations, such as giving them specific objectsthat they liked
that were available in the school environment. Teachers could
also provide personalized content to aid learning for children
with ASD. For example, when asked what methods helped
pupils get to grips with mathematics, teachers reported that
games were the best approach to stay focused and engaged in
the classroom. The introduction of games brought freedom to
the children to work on the given task and join different groups
of children. Thisapproach enabled them to socialize with others
and enhanced teamwork in inclusive class settings. Most
teachers reported that providing personalized content and
creating an environment conducive to learner interaction could
help reveal the learning abilities of children with ASD and
develop their inner talents.

https://games.jmir.org/2022/2/e28276

Ntalindwaet al

TheUseof Realiato ImprovethelL earning of Children
With ASD

This theme involved using various objects to provide
contextualization in the education of children with ASD.
Providing a connection to the school’s physical environment
allowed students to better understand the content of the subject
they were learning. When asked about the objects used in
teaching children with ASD, 40 of 56 teachers (71%) responded
that they used real examples of objects available in schools to
replace the models in the curriculum syllabus. The strategy of
contextualization of content helps children to understand the
topic planned in the curriculum.

All teachers (100%) reported that educational videos were an
alternativeto support unconscious learning among children with
ASD when they were out of class. Combining traditional
teaching methods with ICT-enabled teaching methods in
inclusive learning among children with and without ASD isthe
best approach to provide an equitable education to al children.

The Design of Educational Digital Content

This theme explored the design of the content of the selected
website. Teachers reported that it was their first time browsing
the Khan Academy website, even those familiar with other
websitesfor finding educational resources. Despite the excellent
layout of the website, participants suggested explanations of
some abbreviations, such as “SAT,” “LSAT,” and “MCAT;
among others. Figure 1 shows further examples of these
abbreviations. All teachers (100%) appreciated the content
categorization on the course page. Categorizing the cognitive
level of children supports education in Rwanda from preschool
to higher education. This might bring an early, positive impact
when teaching children with ASD.

All 14 parents (100%) reported that their children could not
follow the formal education system and recommended using
the examples and images available in their families when
designing a web interface for children with ASD. The
contextualization of content by creating an intellectual need for
information and skills could help children with ASD learn
through practice to prevent them from losing attention. In
addition, developing the visual and hearing senses of children
with ASD could help the designers of digital content to better
enable them to learn.
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Figure1l. Khan Academy platform [15].
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Accessibility of Educational Digital Content

Access to digital content is helpful to support the education of
learners with ASD. Educational videos hosted on YouTube
channels are made accessible by internet connectivity. Users
can download video content from YouTube and use it offline.
This option is better for schools that have low internet
connectivity. Among the teachers, 16 of 56 (29%) from schools
inrural areas reported barriers to accessing online content due
to poor internet connectivity and recommended increasing the
bandwidth of their internet connection, despite the possibility
of downloading the videos and playing them offline. Teachers
reported that the reliability of the web interface was a driving
factor for adaptation of online content for the education system
in Rwanda. The 56 teachers and 14 parents al so recommended
developing digital content that could be accessed offline as a
mobile application.

Content Quality of Educational Multimedia

YouTube is a video-sharing platform used by many online
education websites to provide educational content to various
users. Professionalsfrom other domains create the videos,; some
of them are published under a Creative Commons license to
allow usersto adapt or re-create them. In this study, participants
suggested content re-creation to meet the Rwandan context. All
56 teachers (100%) reported that educational digital content
could support children with ASD when designers adapt the
content to the local context.

Teachers and parents argued that the translation of the content
into the local language could bring a positive impact not only
to the learning of children with ASD, particularly literacy and
numeracy, but also to nondisabled children who are interested
in using educational digital content and children who are not
registered in schools. This strategy is crucial, because 13 of 14
parents (93%) did not know English, and 42 of 56 teachers
(75%) had difficulty using English. The translation and
re-creation of content to be adapted for the local context might
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be an excellent approach to integrate ICT into the education
system and improve the learning of children with various
cognitive disabilities in Rwanda.

Opportunitiesto Use Trandated and Re-created
Content Inside and Outside the Classroom

Thistheme elucidated the opportunity to use the re-created and
translated content to upgrade the current education system to
international standards. All 56 teachers and 14 parents reported
that Khan Academy’s content could help teach basic
mathematics to children with ASD because of the availability
of interactive videos. In the parent group, 13 of 14 (93%)
reported that the content was useful in helping their children be
engaged when they were at home. Teaching children with ASD
in the local language has greater advantages than teaching in a
foreign language, asthis creates adeficit in communication. In
addition, the trand ation and adaptation of international content
can bring new opportunities to all children to learn the same
content prepared by globally recognized experts in different
fields.

The Relevance of the Digital Content in the Rwandan
Education System

Of the 70 total participantsin this study, all the teachers (56/70,
80%) and parents (14/70, 20%) welcomed the implementation
of technology-enhanced content in teaching. The teachers
reported that digital educational material was essential in
preventing cognitive overload and providing content. However,
ICT adoption in education needs strategies and financia
investment to obtain positive results. Among the teachers, 16
of 56 (29%) suggested that these strategies could includetraining
educatorsin digital content in teaching and learning, aswell as
improving infrastructure. The availability of offline content is
considered a solution to bridge the gap in internet access
between urban and rural areasin Rwanda. However, thisis not
a perfect solution, as some schools still report alack of digital
devicesto play the content offline. Adopting mixed digital and
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traditional learning methods could enable children to learn
despite alack of digital devices.

Enhancement of the Accessibility and Quality of the
Content

In the FGDs, 65 of 70 (93%) participants suggested further
online teaching for children with ASD. Teachers criticized the
researchers’ content during a contextualization exercise for
teaching early mathematics [30] in data collection. The
narrator’s voice in the videos was also not well understood by
the teachers. The participants suggested replacing the narrator

Figure 2. Interface for early math (counting) [17].
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with a speaker of alocal language. The teachers and parents
suggested the re-creation of the content to add examples of
situations that the children encounter in their everyday lives.
Figure 2 shows the interface for early math (counting).

Teachers suggested that re-creating the content of this lesson
to better suit the Rwandan teaching environment would provide
personalized material to improve the learning of children with
ASD in an inclusive environment. Participants also
recommended a subscription model for the re-created content
to improve its accessibility.
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Discussion

Principal Results

Thefindings of this study indicate the possibility of using digital
content in the education of children with ASD. The themes
reported in the results section show that integrating multimedia
content can increase access to education for children with ASD
[9]. Thisispossibleif educators are aware of children with ASD
intheir schools and adopt methodol ogiesthat help theselearners
stay focused [31]. This could increase the acceptance of these
children in mainstream schools [18].

The development of various models to support children with
ASD [32], as well as computer-assisted educational content
[19], is progressing rapidly in various domains. Nevertheless,
such research needs to computerize existing methodol ogies and
content in an individualized context. A study by O’ Malley et
al [33] reported that educational softwarefor children with ASD
must respond to specific interests and devel opmental needs. In
addition, the interface for such software must be as interactive
as possible to most effectively facilitate learning in children
with ASD [34].

Teaching basic numeracy to children who have a deficit in
communication, such asthosewith ASD, ismore possible when
the content is gamified using multimediatechnologies[16]. All
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participants in this study used games when teaching various
subjects in class. Educational videos are essential to improve
the learning of children with ASD [35,36] (Multimedia
Appendix 4). After watching the Khan Academy content used
inthis study [17], the teachers reported that integrating content
after it was re-created could alow learners with ASD to
participate in an inclusive classroom [30].

This study evaluated Khan Academy content [17] on the
YouTube platform [37], which has gamified content delivered
in educational institutions. A study by Baker et al [38] found
that integrating multimedia content improved learning for
various subjects[39]. Participantsin the present study suggested
re-creating the Khan Academy content to meet the school
environmental context.

This study was carried out before the COVID-19 pandemic
became a crisis in Rwanda [40]. However, our results
demonstrate that online content could help educate children
with ASD during and after the COVID-19 crisis. A study by
Stenhoff et al [41] documented the possibility of supporting
children with ASD through distance education during school
closures. The availability of digital content for learners with
ASD is aso crucia to support remote learning in response to
COVID-19 prevention measures [42].
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Thetrandation of the findings of this study into practice would
be helpful for educators and would enable future research to
address barriersto education for children with ASD by focusing
on the functional abilities of these children, rather than using a
deficit model based on specific diagnoses. Furthermore, enabling
children with ASD to learn mathematics would contribute to
eliminating all causes and obstacles that can lead to disparity
in education, such as gender, disability, and geographical or
socia group. Thisisan objective of the Rwanda education sector
[14].

Strengths and Limitations

This study had many strengths. It reflects the experiences of
teachers who serve to support children with ASD; it was
performed by experienced researchersin education, information
technol ogy, specia education, and ASD; and it included schools
from both rural and urban areas. Thus, our findings might allow
teachers to adopt new, different methods and innovative tools
to improve teaching and learning. Nevertheless, this study was
limited by including only a small number of teachers and
parents, making our results hard to generalize to all education
practitioners. Furthermore, we only focused on the subject of
basic numeracy, whereas primary education includes many more
subjects.
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In future studies, all content relating to the existing syllabus
should be explored, and participants should be alowed more
time to test the interface of the software and provide more
detailed opinions. In addition, alongitudinal usability study of
the interface might help uncover long-term advantages and
disadvantages that teachers may experience and enable
adaptation of the curriculum in a way that the first-time
experiences described here could not. Finally, future research
should further explore the development of personalized ICT
solutions for individuals with ASD that respond to their
educational needs.

Conclusions

The study documented the process of contextualization of
technology to make it a better solution that meets the actual
context of its environment. Integrating systems designed by
internationally recognized experts and trand ating these systems
into alocal context could bring innovation in teaching children
with disabilities. This study charts new territory in the
investigation of online content and its ability to match the
context of primary and secondary schools. We recommend
further exploration of methodologies such as applied behavior
analysis and verbal behavior therapy, and we also recommend
the development of contextualized technologies that respond
to the educational needs of children with ASD.

Khan Academy did not provide any financial support to influence the research findings of this study.

Conflictsof I nterest
None declared.

Multimedia Appendix 1

Interview guide question for primary teachers.
[PDEF File (Adobe PDF File), 87 KB-Multimedia Appendix 1]

Multimedia Appendix 2

Research Ethical Clearance.
[PDE File (Adobe PDF File), 205 KB-Multimedia Appendix 2]

Multimedia Appendix 3

Informed Consent Form for teachers.
[PDE File (Adobe PDF File), 151 KB-Multimedia Appendix 3]

Multimedia Appendix 4

Sample Form for Observers' Notes at Focus Groups.
[PDE File (Adobe PDF File), 212 KB-Multimedia A ppendix 4]

References

1.  American Psychiatric Association. Diagnostic and statistical manual of mental disorders (5th ed.). Am J Psychiatry.

Washington, DC: American Psychiatric Publishing; 2013.

2. SguireLR, Bloom FE, Ghosh A, Berg D, Du Lac S, Spitzer N, editors. Fundamental Neuroscience. Amsterdam: Elsevier;

2014.

3. KarangwaE. Towards Inclusive Education in Rwanda An assessment of the socio-political contributorsto Inclusive
Education developments. Rwandan Journal of Education 2014;2(1):46-60 [FREE Full text]

https://games.jmir.org/2022/2/e28276

JMIR Serious Games 2022 | vol. 10 | iss. 2 | €28276 | p. 8
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=games_v10i2e28276_app1.pdf&filename=f641c3eb19fbc034f5f37b1a985c6058.pdf
https://jmir.org/api/download?alt_name=games_v10i2e28276_app1.pdf&filename=f641c3eb19fbc034f5f37b1a985c6058.pdf
https://jmir.org/api/download?alt_name=games_v10i2e28276_app2.pdf&filename=e0969cd7de0d026088ef5b5c629c4ad9.pdf
https://jmir.org/api/download?alt_name=games_v10i2e28276_app2.pdf&filename=e0969cd7de0d026088ef5b5c629c4ad9.pdf
https://jmir.org/api/download?alt_name=games_v10i2e28276_app3.pdf&filename=a9dc720fe361ad747214a1bb84aebd12.pdf
https://jmir.org/api/download?alt_name=games_v10i2e28276_app3.pdf&filename=a9dc720fe361ad747214a1bb84aebd12.pdf
https://jmir.org/api/download?alt_name=games_v10i2e28276_app4.pdf&filename=7d3febc81a07a3562e1122343f62f85c.pdf
https://jmir.org/api/download?alt_name=games_v10i2e28276_app4.pdf&filename=7d3febc81a07a3562e1122343f62f85c.pdf
https://www.ajol.info/index.php/rje/article/view/111273/101057
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR SERIOUS GAMES Ntalindwa et &

4.  Hahler E, Elsabbagh M. Autism: A Global Perspective. Curr Dev Disord Rep 2014 Dec 28;2(1):58-64. [doi:
10.1007/s40474-014-0033-3]

5. Rwanda Statistical Yearbook 2019. Geneva: United Nations; 2019.

6.  Report on National Assessment of Centres Caring for Children with Disabilitiesin Rwanda. 2016. URL : http://ncc.gov.rw/
fileadmin/templ ates’”document/National_ Assessment_of Centres Caring_for CWDs.pdf [accessed 2016-06-16]

7.  UNHABITANT. Smart city RwandaMaster plan. 2017 May 01. URL : https://unhabitat.org/smart-city-rwanda-master-plan
[accessed 2021-06-21]

8.  Ministry of Youthand ICT (MYICT). ICT Sector Profile - 2015. URL: https://www.minict.gov.rw/ [accessed 2021-07-21]

9. NtaindwaT, Soron TR, Nduwingoma M, Karangwa E, White R. The Use of Information Communication Technologies
Among Children With Autism Spectrum Disorders: Descriptive Qualitative Study. IMIR Pediatr Parent 2019 Sep
27;2(2):€12176 [FREE Full text] [doi: 10.2196/12176] [Medline: 31573940]

10. Ern A. The use of gamification and serious games within interventions for children with autism spectrum disorder: a
systematic review. University of Twente. 2014 Jan. URL: http://purl.utwente.nl/essays/64780 [accessed 2022-04-04]

11. Spek EVD, Gobel S, Do E. Entertainment Computing and Serious Games. 2019 Presented at: First IFIP TC 14 Joint
International Conference; Nov 11-15; Arequipa, Peru. [doi: 10.1007/978-3-030-34644-7]

12. Soutien scolaire ludique et interactif. 2020. URL : https://fr.ixl.com/ [accessed 2022-04-04]

13. Ministry of Education. Republic of Rwanda Ministry of Education Education Sector Strategic Plan 2018/19 to 2023/24.
Kigali, Rwanda: Ministry of Education; 2019:2018-2128.

14. Rwanda EB. Competence based Curriculum. 2015. URL: http://reb.rw/ [accessed 2022-04-04]

15. Khan Academy. 2019. URL: https.//www.khanacademy.org/ [accessed 2022-04-04]

16. Tenorio MM, Lopes RP, Gois LAD, Junior GDS. Influence Of Gamification On Khan Academy In Brazilian High School.
PUPIL: International Journal of Teaching, Education and Learning 2018;2(2):51-65 [FREE Full text] [doi:
10.20319/pijtel.2018.22.5165]

17. Khan Academy. Early Math Counting. 2019. URL : https://www.khanacademy.org/math/early-math/
cc-early-math-counting-topic/cc-early-math-counting/v/counting-in-order [accessed 2022-04-04]

18. NolenA, Putten JV, Hastings R. Autism Spectrum Disorder and College Major Choice: Looking Beyond the STEM Magjors.
In: International Conference on Information Technology and Electrical Engineering. 2015 Presented at: 2015 Annual
Meeting of the American Educational Research Association; April 16-20, 2015; Chicago, IL.

19. Fletcher-Watson S. A Targeted Review of Computer-Assisted L earning for Peoplewith Autism Spectrum Disorder: Towards
a Consistent Methodology. Rev J Autism Dev Disord 2013 Nov 14;1(2):87-100. [doi: 10.1007/s40489-013-0003-4]

20. Abubakar A, SsewanyanaD, de Vries PJ, Newton CR. Autism spectrum disordersin sub-Saharan Africa. Lancet Psychiatry
2016 Sep;3(9):800-802 [FREE Full text] [doi: 10.1016/S2215-0366(16)30138-9] [Medline: 27568261]

21. Onaolapo AY, Onaolapo OJ. Global Data on Autism Spectrum Disorders Prevalence: A Review of Facts, Fallacies and
Limitations. Universal Journal of Clinical Medicine 2017 Dec;5(2):14-23. [doi: 10.13189/ujcm.2017.050202]

22. Ntaindwa T, Nduwingoma M, Karangwa E, Rashid Soron T, Uworwabayeho A, Uwineza A. Development of a Mobile
App to Improve Numeracy Skills of Children With Autism Spectrum Disorder: Participatory Design and Usability Study.
JMIR Pediatr Parent 2021 Aug 31;4(3):e21471 [FREE Full text] [doi: 10.2196/21471] [Medline: 34463629]

23.  Rwanda Parent's Initiative on Autism. 2020. URL: http://www.rpia.rw [accessed 2022-04-04]

24. Jugder N. The thematic analysis of interview data: an approach used to examine the influence of the market on curricular
provision in Mongolian higher education institutions. URL : https:.//pdfs.semanticscholar.org/2e0a/
746b717fa49b6f4a48a462ee47e602204de9.pdf [accessed 2022-04-04]

25. Caulfield J. How to do thematic analysis. 2019. URL: https://www.scribbr.com/methodol ogy/thematic-analysis/ [accessed
2022-04-04]

26. Nowell LS, NorrisJM, White DE, Moules NJ. Thematic Analysis. International Journal of Qualitative Methods 2017 Oct
02;16(1):160940691773384. [doi: 10.1177/1609406917733847]

27. NVivo. 2020. URL: https://www.gsrinternational.com/ [accessed 2022-04-04]

28. IBM.IBM SPSS Statistics. 2020. URL : https://www.ibm.com/products/spss-statistics [accessed 2022-04-04]

29. University of Rwanda. Ethics Operational Guidelines and Procedures. URL: https://ur.ac.rw/IMG/docx/
ethics guidelines procedures-3.docx [accessed 2022-04-04]

30. Simsek O, Allsopp D. Use of a Game-Based App as aLearning Tool for Students with Mathematics Learning Disabilities
to Increase Fraction Knowledge/Skill. 2016. URL : https://digital commons.usf.edu/etd/6390/ [accessed 2022-04-04]

31. Alotaibi F. Saudi Teachers? Perceptionsof ICT Implementation for Student with Autism Spectrum Disorder at Mainstream
Schools. Journal of Education and Practice 2016;7(5):116-124.

32. Virginia Department of Education O of SE and SS. Models of Best Practice in the Education of Students with Autism
Spectrum Disorders. 2011. URL: https://www.doe.virginia.gov/special_ed/disabilities/autism/technical_asst documents/
autism_models of_best practice.pdf [accessed 2022-04-04]

33. O'Madley P, LewisM, Donehower C, Stone D. Effectiveness of Using iPads to Increase Academic Task Completion by
Students with Autism. Universal Journal of Educational Research 2014 Jan;2(1):90-97. [doi: 10.13189/ujer.2014.020111]

https://games.jmir.org/2022/2/e28276 JMIR Serious Games 2022 | vol. 10 | iss. 2 | €28276 | p. 9

(page number not for citation purposes)


http://dx.doi.org/10.1007/s40474-014-0033-3
http://ncc.gov.rw/fileadmin/templates/document/National_Assessment_of_Centres__Caring_for_CWDs.pdf
http://ncc.gov.rw/fileadmin/templates/document/National_Assessment_of_Centres__Caring_for_CWDs.pdf
https://unhabitat.org/smart-city-rwanda-master-plan
https://www.minict.gov.rw/
https://pediatrics.jmir.org/2019/2/e12176/
http://dx.doi.org/10.2196/12176
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31573940&dopt=Abstract
http://purl.utwente.nl/essays/64780
http://dx.doi.org/10.1007/978-3-030-34644-7
https://fr.ixl.com/
http://reb.rw/
https://www.khanacademy.org/
https://grdspublishing.org/index.php/PUPIL/article/view/1418/1337
http://dx.doi.org/10.20319/pijtel.2018.22.5165
https://www.khanacademy.org/math/early-math/cc-early-math-counting-topic/cc-early-math-counting/v/counting-in-order
https://www.khanacademy.org/math/early-math/cc-early-math-counting-topic/cc-early-math-counting/v/counting-in-order
http://dx.doi.org/10.1007/s40489-013-0003-4
http://europepmc.org/abstract/MED/27568261
http://dx.doi.org/10.1016/S2215-0366(16)30138-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27568261&dopt=Abstract
http://dx.doi.org/10.13189/ujcm.2017.050202
https://pediatrics.jmir.org/2021/3/e21471/
http://dx.doi.org/10.2196/21471
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34463629&dopt=Abstract
http://www.rpia.rw
https://pdfs.semanticscholar.org/2e0a/746b717fa49b6f4a48a462ee47e602204de9.pdf
https://pdfs.semanticscholar.org/2e0a/746b717fa49b6f4a48a462ee47e602204de9.pdf
https://www.scribbr.com/methodology/thematic-analysis/
http://dx.doi.org/10.1177/1609406917733847
https://www.qsrinternational.com/
https://www.ibm.com/products/spss-statistics
https://ur.ac.rw/IMG/docx/ethics_guidelines_procedures-3.docx
https://ur.ac.rw/IMG/docx/ethics_guidelines_procedures-3.docx
https://digitalcommons.usf.edu/etd/6390/
https://www.doe.virginia.gov/special_ed/disabilities/autism/technical_asst_documents/autism_models_of_best_practice.pdf
https://www.doe.virginia.gov/special_ed/disabilities/autism/technical_asst_documents/autism_models_of_best_practice.pdf
http://dx.doi.org/10.13189/ujer.2014.020111
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR SERIOUS GAMES Ntalindwa et &

34.

35.

36.

37.

38.

39.

40.

41.

42.

Tashnim A, Nowshin S, Akter F, Das A. Interactive interface design for learning numeracy and calculation for children
with autism. In: International Conference on Information Technology and Electrical Engineering.: |EEE; 2017 Presented
at: 2017 9th International Conference on Information Technology and Electrical Engineering (ICITEE); October 12-13,
2017; Phuket, Thailand. [doi: 10.1109/ICITEED.2017.8250507]

Semrud-Clikeman M, Fine JG, Bledsoe J. Comparison among children with children with autism spectrum disorder,
nonverbal learning disorder and typically developing children on measures of executive functioning. J Autism Dev Disord
2014 Feb;44(2):331-342. [doi: 10.1007/s10803-013-1871-2] [Medline: 23812759]

Chatzopoulos D, Bermejo C, Huang Z, Hui P. Mobile Augmented Reality Survey: From Where We Are to Where We Go.
|EEE Access 2017;5:6917-6950. [doi: 10.1109/access.2017.2698164]

Kong G, LavalleeH, Rams A, Ramamurthi D, Krishnan-Sarin S. Promotion of Vape Trickson YouTube: Content Analysis.
JMed Internet Res 2019 Jun 18;21(6):€12709 [FREE Full text] [doi: 10.2196/12709] [Medline: 31215510]

Baker PM, Bujak KR, DeMillo R. The Evolving University: Disruptive Change and Institutional Innovation. Procedia
Computer Science 2012;14:330-335. [doi: 10.1016/j.procs.2012.10.037]

Ifenthaler S, Sampson D, Yang D, Mukama L. Technology Enhanced Formative Assessment for 21st Century Learning. J
Educ Technol Soc 2016;19:58-71.

First Case of COVID-19 confirmed in Rwanda. World Health Organization. 2020. URL: https://www.afro.who.int/news/
first-case-covid-19-confirmed-rwanda [accessed 2022-04-04]

Stenhoff DM, Pennington RC, Tapp MC. Distance Education Support for Students With Autism Spectrum Disorder and
Complex Needs During COVID-19 and School Closures. Rural Special Education Quarterly 2020 Oct 04;39(4):211-219.
[doi: 10.1177/8756870520959658]

Michalak N. Coping with COVID-19: Remote Learning for Students with Autism Spectrum Disorder. 2020. URL: https:/
/www.isbe.net/Documents/Remote-L earning-Students-with-ASD.pdf [accessed 2022-04-04]

Abbreviations

ASD: autism spectrum disorder
FGD: focus group discussion
ICT: information and communication technology

Edited by N Zary; submitted 27.02.21; peer-reviewed by E Toki, Z Reis, M Suppan; comments to author 30.04.21; revised version
received 09.08.21; accepted 16.01.22; published 19.04.22

Please cite as:

Ntalindwa T, Nduwingoma M, Uworwabayeho A, Nyirahabimana P, Karangwa E, Rashid Soron T, Westin T, Karunaratne T, Hansson
H

Adapting the Use of Digital Content to |mprove the Learning of Numeracy Among Children With Autism Spectrum Disorder in Rwanda:
Thematic Content Analysis Study

JMIR Serious Games 2022;10(2):€28276

URL: https.//games.jmir.org/2022/2/e28276

doi: 10.2196/28276

PMID:

©Theoneste Ntalindwa, Mathias Nduwingoma, Alphonse Uworwabayeho, Pascasie Nyirahabimana, Evariste Karangwa, Tanjir
Rashid Soron, Thomas Westin, Thashmee Karunaratne, Henrik Hansson. Originally published in JMIR Serious Games
(https.//games.jmir.org), 19.04.2022. Thisisan open-access article distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work, first published in IMIR Serious Games, is properly cited. The complete bibliographic
information, a link to the original publication on https://games.jmir.org, as well as this copyright and license information must
be included.

https://games.jmir.org/2022/2/e28276 JMIR Serious Games 2022 | vol. 10 | iss. 2 | €28276 | p. 10

RenderX

(page number not for citation purposes)


http://dx.doi.org/10.1109/ICITEED.2017.8250507
http://dx.doi.org/10.1007/s10803-013-1871-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23812759&dopt=Abstract
http://dx.doi.org/10.1109/access.2017.2698164
https://www.jmir.org/2019/6/e12709/
http://dx.doi.org/10.2196/12709
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31215510&dopt=Abstract
http://dx.doi.org/10.1016/j.procs.2012.10.037
https://www.afro.who.int/news/first-case-covid-19-confirmed-rwanda
https://www.afro.who.int/news/first-case-covid-19-confirmed-rwanda
http://dx.doi.org/10.1177/8756870520959658
https://www.isbe.net/Documents/Remote-Learning-Students-with-ASD.pdf
https://www.isbe.net/Documents/Remote-Learning-Students-with-ASD.pdf
https://games.jmir.org/2022/2/e28276
http://dx.doi.org/10.2196/28276
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

