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Abstract—This Research Full Paper presents a Systematic
Literature Review (SLR) that analyzes scientific studies based
on teaching programming to people with cognitive disabilities.
Teaching programming is naturally challenging, especially when
faced with students with different learning levels, including
cognitive impairment. Due to the lack of a panorama that
contemplates the association between teaching programming
and people with cognitive disabilities, we present this SLR to
identify which initiatives are available to teach people with
cognitive disabilities to programming. This SLR followed the
protocol model of a systematic review adapted to cover specific
requirements for planning, executing, and presenting results.
There are some initiatives to include students with some cognitive
impairment found in the literature. However, there are still gaps
to explore. The main question answered by this research is to
identify what are the efforts and contributions to teaching people
with cognitive disabilities to program, looking for related papers
in the Springerlink, ACM, and IEEE databases.

Index Terms—teaching programming, cognitive disabilities,
systematic review

I. INTRODUCTION

Knowledge in Computer Science (CS) has become increas-
ingly necessary, and most individuals who are trained in this
area have access to a reasonable variety of job opportunities
[5]. For example, in the United States, there are several efforts
to include CS in both elementary and high school curricula
to allow students to get in touch with CS concepts at an
earlier age [10]. These initiatives are essential to promote the
inclusion of students with disabilities, allowing equal access
to academic and industry careers [10].

In practice, CS earlier education includes CS concepts,
Computational Thinking (CT), programming, and robotics
[10]. CT involves solving problems through fundamental con-
cepts of CS [29]. There is evidence that students with cognitive
disabilities can learn CT with proper support [17]. Program-
ming crosses all areas of knowledge and can help develop
several cognitive skills in the student, to mention: creativity,
logical reasoning, critical problem-solving, reflection, inter-
pretation, concentration, among others. Skills developed from
the study of programming can cause a significant impact in
shaping critical and conscious individuals who can contribute
significantly to transforming society [23].

Since elementary school, many efforts have been made to
establish programming earlier and earlier in school curric-

ula. Although some initiatives might have been successful
in popularizing programming with younger audiences, most
forget to consider students who have learning disabilities
or attention deficit disorders. Making learning accessible to
all students is a significant challenge because teachers need
to be appropriately trained to deal with students who learn
differently.These students can obtain knowledge by meeting
their specific learning needs. Schools seek to improve the
educational process by searching for new methodologies,
training teachers, and obtaining new technologies [6], [7]. In
Brazil, for example, there is a growing increase in enrollments
of people with disabilities [9], which leads us to question
how to teach programming to students with different ways
of learning.

There are several types of cognitive impairments cataloged,
such as Autism Spectrum Disorder (ASD) and Attention
Deficit Hyperactivity Disorder (ADHD), to name a few. ASD
characterizes a deficit in communication and social interaction,
behavior patterns, interest, and restricted and repetitive activi-
ties. ADHD characterizes a neurodevelopmental disorder that
can present harmful levels of inattention, disorganization, and
hyperactivity-impulsivity. Inattention and disorganization can
involve inability to stay on task, difficulty in paying attention,,
and missing or misplacing objects at levels that are inconsistent
with age or level of development. Hyperactivity-impulsivity
can come as excessive activity, restlessness, inability to remain
seated, interference and activities of others, and inability to
wait - characteristics that may come in excess for the age or
the level of development [24].

Game development can be especially beneficial for people
with ASD, which is one type of cognitive impairment. Assis-
tive technologies can provide different ways of accessing in-
formation, thus guaranteeing a better environment for students
with disabilities, including those with learning difficulties [1],
[2].

This work aims to determine what and how researchers work
in teaching programming for people with cognitive disabilities.
To this end, we conducted a Systematic Literature Review
(RSL) to answer the question: “what are the existing efforts
and contributions to teach people with cognitive disabilities
how to code”?

This paper is divided as follows: In Section II, we present



the related work. In Section III, we describe the methodology
following the SLR process. We present the results answering
the research questions in Section IV. We discuss the results
observed during the SLR in Section V. We present the threats
to validity in Section VI. Finally, we present the conclusions
and pointers for further work in Section VII.

II. RELATED WORK

There are reviews aimed at teaching programming, but
no reviews focused on students with cognitive disabilities.
Among the related works, we sought to provide an overview
of introductory programming, organizing its results according
to the approach: in students, teaching, the curriculum, and
assessment. The student approach mentioned a subgroup of
underrepresented students, mainly women and non-disabled
students. [31].

Another review showed published studies on robotics in
teaching programming but focused only on the visually im-
paired. This work signaled the teaching methodologies and
difficulties faced in this scope, but which would not apply to
students with cognitive disabilities [32].

Some research was developed to include people with learn-
ing disabilities in programming or elementary computing. One
paper proposes integrating social skills with the teaching of
programming for students with ASD based on the idea that
programming requires collaborative efforts. The focus of the
course was programming, but there was an interest in taking
advantage of the moment so that students could practice
applied social skills, such as working in groups, receiving and
giving feedback on activities, and knowing how and when to
ask for help. The work suggests benefits in this practice but
needs more research [25].

Studies believe that block programming can be more inter-
esting for people with learning difficulties, applying in classes
with children in elementary school [26], [30]. However, the
papers suggest that more research is needed to generate greater
student engagement and teacher support.

A study made the cross between the cognitive style of peo-
ple with autism and the necessary cognitive skills in Software
Engineering to generate guidelines for inclusive education.
Unfortunately, the generated guidelines are purely speculative,
requiring further studies to prove whether they are viable [28].

One paper reports an exploratory study that sought to ex-
pand the opportunities for K-12 students who learn differently
in teaching computing principles. This research resulted in
guidelines for adapting the materials used, being evaluated by
feedback from students and teachers involved [6].

III. METHODOLOGY

An SLR [3] was carried out, seeking to investigate how the
inclusion of programming for people with cognitive disabilities
is being thought about and carried out. A few steps are required
to perform the review: planning the review, conducting the
review, and reporting the review.

In planning the review, we need to identify the need for it,
define the research questions, and use the protocol to carry

it out. The protocol begins with selecting primary studies,
extraction, and synthesis of data in conducting the review.
We define the mechanisms for generation and disclosing the
information found in the review of the report.

A. Review Protocol

The RSL protocol defines that a critical question to be an-
swered must be created, and the critical question of this work
is to identify “what are the existing efforts and contributions to
teach people with cognitive disabilities how to code”? From
this question, we derived three research questions (RQ) for
identifying the state of the art in this context:

• RQ1: How did teachers approach the content for students
with cognitive disabilities?
The purpose of RQ1 is to verify which approaches at
the pedagogical level are being adopted in teaching
programming to people with cognitive disabilities.

• RQ2: What technologies are used to support teaching?
The objective of RQ2 is to identify which technologies
support these approaches within this context.

• RQ3: How are students evaluated?
The RQ3 aims to see what is being used to assess the
learning of students with cognitive disabilities in teaching
programming.

B. Conducted Search

Initially, we carry out tests to identify the best terms and
bases to be used, which could be within the context of students
with some cognitive impairment and programming teaching,
arriving at the combination of terms presented in Table I.

TABLE I
SYNONYMS OR RELATED WORDS

Terms Synonyms or Related Words for Key-
words

Programming-related “computer science”,
“cs”,“programming”

Teaching-related “teaching”, “learning”, “students”
Terms related to cognitive
impairment

“autism”, “cognitive”, “intellectual”,
“learning”, “neurodiversity”

Accessibility-related “disabilities”, “accessibility”

TABLE II
SUMMARY OF THE STUDIES RETURNED IN EACH DIGITAL LIBRARY

Digital Library Search Results
ACM 63
IEEE 280
Springer 369
Total 712

The search string chosen was:

(“computer science” OR “cs” OR “programming”) AND
(“teaching” OR “learning” OR “students”) AND
(“autism” OR “cognitive” OR “intellectual” OR

“learning” OR “neurodiversity”) AND (“disabilities” OR
“accessibility”)



Table II shows the number of studies returned in each digital
library. We found seven hundred and twelve screening papers
using inclusion (CI) and exclusion (EC) criteria. The databases
used were ACM, IEEE, and Springer, and we adapted the
search string for each of these databases. The inclusion criteria
defined for the selection were:

• (IC1) - Papers in English;
• (IC2) - Papers published in the last 10 years.
• (IC3) - Papers must contain the keywords used in the key;

search, in the title and / or in the abstract and / or in the
keywords of the selected paper;

• (IC4) - Complete papers that present methodologies,
suggestions or practices for teaching programming to
people with some type of cognitive impairment.

And the exclusion:
• (EC1) - Repeat papers;
• (EC2) - Review papers.

C. Screening of papers for inclusion and exclusion

The screening process is presented in Table III, where we
applied the inclusion and exclusion criteria. We read the titles,
keywords, and abstracts to select the papers, choosing only
those that met the search scope.

The first step was to visualize the number of papers found
in the search bases. Even applying a search string, databases
often return papers that are not related to the search criteria.
Therefore, after applying the inclusion criteria IC1 and IC2,
some papers not written in English or not published in the last
ten years were discarded.

The second step was to verify which papers had the terms
defined in the search string in their title, abstract, or keywords,
seeking to remove a good part of the returned papers that were
not in the research context.

The third step was to read the titles of the papers, removing
those that were not related to the review.

The fourth step was to read the abstracts of the papers,
seeking to refine the list of selected ones further.

Finally, the fifth step of the screening process was the
complete reading of the twelve papers resulting from the
previous steps, of which only eight were considered relevant
to the research.

D. Snowballing Search

Complementing the automatic review process in the
databases, we use snowballing, a search process that involves
looking for relevant studies in an paper’s reference list or
citations, seeking more relevant papers that the automatic
search may have excluded. It is challenging to formulate a
good search string, as there is often no standard in the ter-
minology used, and the more comprehensive the search terms
are, the greater the chances of finding irrelevant papers [12].
Combining search strategies can be an excellent alternative
to obtain better results, using snowballing as a primary or
secondary search strategy [22].

According to the strategy presented by [12], initially you
must select the set of papers to be used as a basis. The basis

TABLE III
SCREENING OF PAPERS

Steps Papers
Step 1: Identify and organize the papers
found in the search bases by the inclu-
sion criteria IC1 and IC2;

712 papers

Step 2: Refine by inclusion criterion
CI3;

241 papers

Step 3: Review of titles removing pa-
pers that do not adhere to the theme
and / or fit the exclusion criteria;

40 papers

Step 4: Review of abstracts, removing
papers that do not adhere to the theme;

12 papers

Step 5: Review of the complete papers
removing the papers that do not adhere
to the theme;

8 papers

here was the eight papers selected at the end of the screening
done in the papers obtained in the automated search.

The snowballing methodology was applied backward from
the initial set, identifying the studies that the papers in the
set refer to within the investigated theme. At the end of the
process, we selected six papers, which were later read and
classified, totaling 14 papers for analysis in the review, as can
be seen in Table IV.

TABLE IV
FINAL SELECTION OF PAPERS

Search Papers
Digital Libraries; 8 papers
Snowballing Search 6 papers
Total: 14 papers

IV. RESULTS

This section presents the results of this SLR. The survey
took place between August 2020 and January 2021. Here we
present the results by year, by country, by types, and vehicles
published. Finally, the following subsections detail the answer
to each of the research questions.

A. General Results

While screening the papers included in this research, we
found different approaches and technologies used to teaching
programming to students with disabilities. Thus, we sought to
answer the research questions and the answers are presented in
this chapter. The results of the SLR shows that there are efforts
to include people with cognitive disabilities in programming
teaching, but there is still much to be explored.

1) Publication year: We distribute publications by year as
shown in 1. We see that the peak of publications occurs in
2016 and 2018, corresponding to 21.42 % of publications.
The years 2015 and 2020 account for 14.29 % each and 2011,
2013, 2017, and 2019 for 7.14 % each. Figure 1 shows that
the scientific community is interested in the subject, and most
years between 2010 and 2020, they published papers in this
research context.
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Fig. 1. Frequency by year

2) Countries distribution: Figure 2 shows that more than
half of the papers published in the area come from the United
States (US), totaling nine papers. Among the other papers
there were two from the United Kingdom, one from Portugal /
Brazil, one from Greece, one from Brazil, and one from Spain.
The fact is that in the US there are more consistent initiatives
to offer computer education and programming at an earlier
age, which ends up reflecting on the most significant number
of researches.
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USA
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Number of Papers

Fig. 2. Frequency by country

3) Publication vehicles: Most of the studies were published
at conferences (six), as can be seen in Figure 3. The other
papers appear in journals (four), symposiums (three), and
workshops (one).

4) Types of studies: We separated the studies by type of
research performed (Figure 4). Most were case studies (nine),
followed by experience reports (four) and an exploratory study
(one).

B. RQ1: How did teachers approach the content for students
with cognitive disabilities?

It is understood that traditional teaching methods end up
excluding students with cognitive disabilities or who learn
differently. Therefore, the studies found reinforce this idea,
experimenting with different approaches to help these students
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Fig. 3. Frequency by vehicle

Case Study
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Exploratory
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Fig. 4. Frequency by type

learn programming, as shown in Table V. Block programming
and robotics were the most cited approaches in the studies.

Teachers who teach computing and CT should pursue
integrated and straightforward approaches for instruction and
tailor them to the content and learning objectives. There are
numerous resources for teachers related to teaching program-
ming and computing based on block programming, which
makes it a good strategy for the initial concepts [5], [17],
[19]–[21].

Robotics is very popular, mainly in kindergarten, being a
strategy that uses fun to represent the most varied program-
ming concepts. Robotics can be a factor of inclusion and
equality, in addition to providing students with new knowledge
through its attractive challenges [11], [13], [14], [16], [19]. On
the other hand, one of the papers points out that students have
more engagement when they use pre-built robots, but when
they have to build the robots, they become less involved and
more frustrated with more difficulty focusing on activities [13].

Other approaches have also proved popular, such as Uni-
versal Design for Learning (UDL) and Unplugged Program-
ming (UP). Most initiatives are mainly focused on involving
students, making them want to learn, and flexibly providing
content, so that each student can choose the best way to
receive them. UDL seeks to adapt traditional content and
activities to reach different students with their different levels



of learning. There was no standardization among teachers for
using this approach, and the main emphasis was on applying
the principles of engagement and multiple forms of content
presentation. We also realized that using this approach in
computing was not significantly different from applying it in
other areas. The key to using the UDL would be the teacher’s
view of their learning goals, noting the students’ strengths, and
seeking to reduce barriers to learning. [7], [10], [11], [20].

Teaching programming with non-electronic alternatives has
become an exciting alternative. Physical toolkits can make
abstract computing concepts easier to understand. Papers sug-
gest that this approach is beneficial for teaching people with
disabilities, but few studies still point in this direction. The use
of physical tools associated with collaborative learning proved
promising, with good interaction and enthusiasm among stu-
dents, helping to keep them focused on activities for longer
periods. On the other hand, it is not yet possible to guarantee
that the activities with these devices are, in fact, inclusive for
all students [11], [18]–[21].

The use of games was mentioned in fewer papers, focusing
on the relationship between play and learning. They validate
the idea that games leverage skills which could help individu-
als in the future labor market, such as teamwork and problem
solving. This idea would also be interesting for students with
ASD, as it stimulates some social skills. Robotics concepts
are often used in association with games, but students with
a higher functioning spectrum were more interested in game
design and real-world storytelling with the characters they
created [13], [15].

A single work selected in this review presented accessibility
guidelines focused on students with dyslexia, seeking to help
these students to overcome their difficulties and stand out in
programming classes. A set of recommendations associated
with the skills needed for programming was proposed, show-
ing what difficulties the dyslexic programmer may face when
trying to gain these skills and the reasonable adjustments that
could also be applied to students who learn differently [27].

TABLE V
APPROACH THE CONTENT

Approach Papers
Block Programming [5], [7], [13], [17], [19]–[21]
Robotics [11], [13], [14], [16], [19]
Unplugged Programming [11], [18]–[21]
UDL [7], [10], [11], [20]
Gamming [13], [15]
Own Guidelines [27]

C. RQ2: What technologies are used to support teaching?

The use of specific technology aimed at teaching how to
code is a popular approach in many studies, since there are
countless options to be explored to find the best way to serve
students. However, there is no standard for teaching people
with disabilities, as we can see in Table VI. Two studies used
most technologies, except Scratch, Code.org, and Dash Robot,
covered by 6, 4, and 3 studies each, respectively.

Another interesting fact is that almost all technologies
referenced by papers use blocking or robotics, with Magic
Cubes Toolkit being the only technology used for UP.

In addition to serving as an accessible entry path for learning
how to code, more playful technologies can promote coding
as a fun and stimulating activity.

TABLE VI
TECHNOLOGIES

Technologies Papers
Lego Mindstorms [13], [14]
Unit 3D [15]
Scratch [5], [11], [13], [14], [17], [20]
Code.org [7], [11], [17], [20]
Khan Academy [20]
Hello Ruby [11]
Dash Robot [11], [19], [21]
Blockly [19], [21]
Alice [13], [20]
Phogo [11]
Magic Cubes Toolkit [18]

D. RQ3: How are students evaluated?

Assessing student learning is often challenging due to the
individual nature of each student’s background. Good planning
is essential for the teacher to identify whether the student
learned that content. This review made it evident that the
evaluation of students with disabilities is still something that
needs to be studied and discussed, especially in the context of
learning how to code.

The papers found in this review use mainly extracurricular
courses, where the focus of the evaluation is the courses
and not as a way to measure student’s performance formally.
Also, the evaluations are based on the student’s perceptions,
opinions, and personal data obtained through observations and
interviews as can be seen in Table VII. Only two studies
presented a formal strategy to measure student performance
through a frequency checklist, analyzing the number of mis-
takes and successes of each study participant [19], [21]. There
is a strong suggestion that formal evaluation of programming
performance is an open field of study.

TABLE VII
EVALUATION

Evaluation Papers
Observation [5], [10], [11], [13]–[18]
Interview [11], [17]
Focus Group [11], [13], [14], [16]
Student or Teacher Feedback [13], [15]
Class Records [7], [10], [11]
Photo or Video Analysis [14], [18]
Checklist [19], [21]

V. DISCUSSION

Through this SLR, it was possible to notice several types
of research involving the teaching of programming and people
with cognitive disabilities. People who learn differently was



also a term used, seeking to emphasize that anyone can learn,
as long as they have the correct support [7].

A. Can anyone learn programming?

One of the significant challenges in teaching programming
to people with cognitive disabilities is how these students
receive and absorb the content. The technical language seems
to be a barrier, which leads us to question the best strategies
to adapt the language to facilitate understanding [7].

Studies have shown that close support and mentoring for the
individual student can facilitate the involvement of students
with cognitive disabilities in the CT tasks assigned to their
class [17].

The results found in this research show strong evidence
that students with cognitive disabilities can develop the skills
needed to learn programming provided they have adequate
support, which implies training for teachers, adapted materials,
and, on some occasions, collaborative work.

In line with content adaptations, the UDL methodology
appears as a popular approach, which seeks to meet the needs
of students in a different way by making content available in
multiple formats, so that each student chooses the best way to
obtain knowledge.

B. Programming as a profession

An important issue raised by this research is that the vast
majority of papers in the area focus on children, as shown in
Figure 5, where 12 of the 14 selected papers cover up to k-12.
Programming is then presented playfully as another interesting
knowledge for anyone to learn in these cases.

Elementary School

High School

Middle School

Not Specified

Undergraduate

1 2 3 4 5 6 7

Number of Papers

Fig. 5. Frequency by level

We cannot gauge how many of these students will pursue
careers in computing. Hence, a possible area to be explored
is the teaching of programming for people with disabilities in
technical and higher education courses. Students with specific
needs are often entering these courses without having prior
knowledge on the field.

Teaching programming to students who have cognitive dis-
abilities is already a reality with inclusive education policies.
Teachers need to adapt their way of exposing knowledge
and evaluating learning for each student, with and without

disabilities, as diversity in learning is already common in the
classroom. Teachers face a significant challenge at any level
of education: welcoming students who learn in different ways,
looking for different methodologies to teach them according
to their specific needs. In the context of higher education,
however, the teacher’s responsibility becomes significantly
bigger, as these students are preparing for a professional career
most of the time.

C. Types of cognitive impairment

The focus of this review was on papers involving research
on teaching programming to people with some cognitive
impairment. In the scope of cognitive disabilities, we can have
several types, and the diversity of terms used in the papers
reflects this, as we can see in Figure 6. Most of the terms
were used in only one work, except for “Learning Difficulties”
used in three papers and ”Students with Disabilities” used
in two papers. Most papers generically deal with cognitive
impairment, leaving the question of whether the strategies
used can be generalized or not since each disability has its
characteristics and needs.

ADHD

Autism

Cognitive Disabilities

Diverse Learners

Down Syndrome

Dyslexia

Intellectual Disabilities

Learning Disabilities

Physical, cognitive or intellectual disabilities

Special Needs (Ex ASD)

Students with Disabilities

1 2 3

Number of Papers

Fig. 6. Frequency by disability

VI. THREATS TO VALIDITY

Even having followed the SLR protocol, we can identify
threats to the research’s validity. We designed the search key
to cover the maximum number of terms related to the topic,
but the lack of standard terminology may result in a smaller
set of potential papers in the results. Each search base has
specific features that may influence the results obtained and
may not have returned all relevant studies for this work. The
screening work is manual and human factors can influence
data extraction and analysis when reading papers.

VII. CONCLUSION AND FUTURE WORKS

Learning how to code has been considered an important skill
with several initiatives for its popularization, starting as early
as in elementary school or even before that. In classes with
students of varying profiles, including people with cognitive
disabilities, it can be difficult for teachers to teach the many
concepts of Computer Science, often the abstract ones. With
this SLR, it was possible to understand that several initiatives



seek the inclusion of people with cognitive disabilities in
programming classes. We answered three research questions
relating to programming and people with cognitive disabilities.
Initially, we saw that the most used approaches were Pro-
gramming in Blocks, Unplugged Programming, and Robotics,
possibly as a way to bring a more playful approach within the
learning context. Then it was identified that there is a variety
of learning technologies explored, Scratch being the most
mentioned in the papers, followed by the Code.org platform.
It was also observed that there is no well-established learning
assessment process. the observation and opinion of students
and teachers through interviews is still the most adopted
strategy to validate the proposals.

As future research topics, we suggest studies dedicated
to helping students with cognitive disabilities in the initial
programming disciplines of a technical or higher education
course in the field of computing. These students can enter
courses without prior knowledge in technology, with a deficit
in logic and mathematics, needing additional help to assimilate
content and grow to pursue a career in this area. Another
critical open question is how to assess these students to see
what skills they acquired during the course, a practice that
becomes even more critical when these students are enrolled
in CS courses since the programming disciplines of later
stages require the knowledge gained in the initial classes. The
introductory topics presented in those classes are crucial for
students to progress in their studies and build a successful
career.
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