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ABSTRACT:

This study aimed to examine the effects of unplugged programming educa-
tion on computational thinking and social skills in individuals with develop-
mental disabilities. As computational thinking is recognized as an essential
competency in the digital age, it is important to promote inclusive access to
programming education so that people with developmental disabilities have
equitable opportunities to develop this skill.

A modified multiple-probe design across participants was used in this
study. The study involved six individuals with developmental disabilities in
the Republic of Korea. The intervention spanned 14 sessions, and unplugged
programming education was implemented using tangible programming tools.

As a result, all participants showed improvements in computational
thinking compared to the baseline, and these effects were maintained during
the maintenance phase. In particular, the PND results showed strong effects
on computational thinking (100%). In addition, all participants exhibited
increased social skills, with PND values ranging from 50% to 100%, suggest-
ing moderate to strong effects depending on the individual. These findings
suggest that instructional strategies that consider the characteristics of indi-
viduals with developmental disabilities can effectively enhance both compu-
tational thinking and social skills. Future research should include a broader
range of age groups and disability types, and it should explore the long-term
effects of such educational interventions.

Keywords: Computational Thinking; Developmental Disabilities;
Inclusive Programming; Unplugged Programming; Social Skills
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INTRODUCTION

Recently, various software-based technologies have be-
come key elements of national competitiveness and
wealth creation. Accordingly, major countries are consid-
ering computational thinking as one of the future core
competencies, and the importance of programming edu-
cation that actively reflects this in the curriculum is being
emphasized.

However, people with disabilities, including indi-
viduals with developmental disabilities such as autism
spectrum disorder (ASD) or intellectual disability (ID),
are experiencing many difficulties in the process of using
digital technology, which is creating an information gap
between disabled and non-disabled people. This infor-
mation gap causes imbalances in educational, employ-
ment, and social participation opportunities, which also
negatively affect the quality of life of individuals with
developmental disabilities. The International Society for
Technology in Education (ISTE) discusses what educa-
tors should do to help students develop computational
thinking skills to solve problems they face, but students
with special needs tend to be excluded from these discus-
sions. In addition, research on programming education
and computational thinking skills development for in-
dividuals with disabilities, especially those with ASD or
ID, is still lacking (Karaman & Seferoglu, 2024; Kim et
al., 2025).

Individuals with developmental disabilities experience
a range of developmental challenges, including language
acquisition, social interaction, and behavior regulation,
and have historically been disadvantaged in education
(Elshahawy et al. 2020; Kim et al. 2024). Recognizing
the potential of the ASD community, many companies
are actively recruiting individuals with ASD to perform
programming and software testing tasks or offering in-
tensive, immersive programming instruction, but these
limited efforts fall short of meeting the programming
education needs of individuals with disabilities (Eiselt et
al., 2018). When individuals with ASD or ID have op-
portunities to develop STEM (science, technology, engi-
neering, and mathematics) interests with their peers, they
will not only improve their scientific literacy in the short
term, but also increase their chances of success in the job
market in the long term (Knight et al., 2019).

The K-12 Computer Science Framework was de-
signed to make computer science education accessible to
all, including individuals with disabilities, and to support
teachers in doing so effectively (Taylor et al., 2017). Indi-
viduals with ASD need to develop computational think-

ing skills to play productive roles in technology fields,
rather than simply being consumers of technology (So-
la—@zgiig & Altn 2022). Therefore, future research and
policy should be directed toward supporting individuals
with ASD, ID, and other disabilities to receive inclusive
education with their typically developing peers, primar-
ily by increasing access to STEM education (Wright et
al., 2021). Individuals with developmental disabilities
should also be provided with educational opportunities
on the same basis as general education, and it is im-
portant to create a more comprehensive learning envi-
ronment (Taylor 2018). Therefore, efforts are needed to
create a disability-friendly educational environment and
provide policy support, enabling programming educa-
tion for individuals with developmental disabilities to
spread more systematically in the future.

This study aims to develop and apply an unplugged
programming education for individuals with develop-
mental disabilities to increase their access to program-
ming education. In addition, we aim to verify the effects
of this education on the development of computational
thinking and social skills.

To address these aims, the following research ques-
tions were formulated:

1. What effects does the unplugged programming
education developed in this study have on the
computational thinking of individuals with devel-
opmental disabilities?

2. What effects does the unplugged programming
education developed in this study have on the so-
cial skills of individuals with developmental dis-
abilities?

LITERATURE REVIEW

Computational thinking was first introduced by Papert
(1980), and Wing (2006) defined computational think-
ing as a combination of problem formulation, problem
solving, recursive thinking, abstraction, decomposition,
error correction, and reasoning skills. Computational
thinking is a process of solving problems encountered in
daily life by utilizing the thinking methods developed in
computer science. It includes designing computational
solutions and applying algorithmic thinking. Based on
this concept, the educational approach is shifting from
“learning to code” to “coding to learn” (Kert et al., 2022).
In particular, programming education plays an important
role in developing competencies such as problem-solv-
ing, project design, and communication skills, which are
considered important in today’s society. These skills can
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be utilized as a tool to improve various thinking skills in
the learning process (Papert, 2005).

Computational thinking is an important skill for ev-
eryone, regardless of disability (Bouck & Yadav, 2022).
In this trend, research emphasizing the participation of
individuals with disabilities in robotics and STEM edu-
cation is increasing, and interest in how to address their
special needs in educational design is growing (Hwang
& Taylor, 2016; Yuen et al., 2014). Among these, studies
focusing on individuals with developmental disabilities
have shown that STEM activities and robotics education
can positively impact enhancing social skills and increas-
ing learning motivation.

Computational approaches to improving the skills
of individuals with ASD have been developed since the
1960s, and various educational interventions have been
implemented recently (Munoz et al., 2018). Individuals
with ASD tend to have strong visual processing abilities,
spatial understanding, construction skills, attention to
detail, and persistence, which lead to a high interest in
STEM activities (Michalek et al., 2020). Accordingly, re-
search on social skills education using STEM activities
is being conducted. Studies have shown that when indi-
viduals with disabilities use robots, their motivation and
interest in STEM increases (Lindsay & Lamb, 2018). In
particular, all participants, including individuals with au-
tism, experienced a high level of social interaction in ro-
bot-based collaborative projects, which proved effective
in enhancing their social skills (Yuen et al., 2014). When
programming a robot, you must learn to think before
you act, which stimulates your ability to reason and plan.
Since the robot provides feedback on planned actions,
you can infer and self-analyze errors and performance. In
addition, activities using educational robots promote co-
operative learning in a playful environment (Bargagna et
al., 2019). This educational approach plays an important
role in developing not only academic skills but also social
and communication skills.

Gkiolnta et al. (2023) reported that education us-
ing the robot ‘Codey Rocky’ helped improve the social
and communication skills of students with ASD and
ID. Gonzilez-Gonzilez et al. (2019) showed that the
KIBO robot was effective in teaching programming and
computational thinking skills to students with Down
syndrome and in inducing their participation. Ratcliff
and Anderson (2011) reported that Logo programming
contributed to increasing self-esteem and learning mo-
tivation by providing interactive challenges and prob-
lem-solving experiences to students with disabilities.
Khnight et al. (2019) reported that the generalization

and maintenance effects of coding skills were confirmed
through robot coding education for elementary school
students with ASD and severe problem behaviors.
A study by Michalek et al. (2020) found that collabora-
tive STEM activities, such as robot building, positively
affected the social communication skills of adolescents
with ASD and helped reduce social anxiety. However, it
was pointed out that there are limits to improving verbal
communication skills, and more structured interven-
tions may be needed.

Education for all learners provides teachers with op-
portunities to promote values such as empathy, respect,
and equity, which enrich the educational environment
(Araujo et al., 2022). In particular, as computer science
becomes included in the general education curriculum,
educators must consider how to meaningfully include
diverse learners (Gribble et al., 2017). Ensuring inclu-
sive accessibility in programming education is an im-
portant task. In line with this recent trend, this study
aims to evaluate the impact of unplugged programming
education on individuals with developmental disabili-
ties, focusing on enhancing computational thinking and
social skills. Unplugged programming is a way to learn
computational thinking and computer science concepts
without computing devices, and includes role-playing,
object manipulation, and physical activities (Demir,
2021). This approach helps them intuitively understand
and participate in programming skills. In the study, par-
ticipants apply computational thinking skills during the
programming learning process and interact in various so-
cial situations.

METHODS

Unlike the traditional approach, where intervention is
introduced at staggered time points across participants,
this study implemented a fixed baseline period for all par-
ticipants while conducting multiple probe assessments to
ensure baseline stability. The training phase was initiated
simultaneously for all participants after confirming sta-
ble performance across two consecutive baseline sessions.
This approach was chosen not only to maintain exper-
imental control and allow for structured comparisons
across participants, but also to reflect the group-based
instructional context in which programming education
typically takes place. By modifying the traditional mul-
tiple-probe design in this way, the study ensured that all
individuals received the same intervention period while
still adhering to the principles of baseline stability assess-
ment.
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Participants

This study conducts an experiment using the modified
multiple-probe design to verify the effectiveness of un-
plugged programming education for individuals with de-
velopmental disabilities. A total of six participants took
part in the study, and all were registered as individuals
with developmental disabilities according to the Welfare
of People with Disabilities Act (Republic of Korea). In
the selection process for research subjects, voluntary con-
sent from participants and their caregivers was manda-
tory. Among those who met these requirements, partic-
ipants suitable for the experiment were finally selected.

The study was conducted at a local welfare centre
located in Gyeonggi-do, Republic of Korea, and six re-
search participants were finally selected from this institu-
tion. The gender composition of the research participants
consisted of two men and four women, and their ages
ranged from their 20s to 30s. In terms of disability type,
there were three individuals with ID and three individu-
als with ASD.

Several criteria were applied when selecting the re-
search participants. First, individuals had to be able to
participate in all 14 sessions of the study. Second, they
needed sufficient cognitive and linguistic abilities to un-
derstand and follow the instructor’s instructions. Third,
participants without motor impairments were selected to

Table 1. Information of participants

operate the robot used in the study directly. Finally, indi-
viduals with no prior programming education experience
were selected. These criteria were applied to increase the
reliability and validity of the study.

Specific demographic information on the participants
is presented in Table 1. Only gender, age, and disability
type were collected. More sensitive information, such as
1Q scores, detailed cognitive profiles, or communication
ability, was not obtained due to ethical considerations.

Structure of the unplugged programming
intervention

In this study, COBOBLOCKS was selected as an educa-
tional tool to support effective unplugged programming
activities for individuals with developmental disabilities.
As a tangible programming education tool, COBOB-
LOCKS enables users to learn programming anytime
and anywhere without the need for a computer or mon-
itor. Since individuals with developmental disabilities
may have difficulty acquiring basic computer skills before
learning programming, a simple and intuitive tool was
adopted to ensure accessibility.

The
through unplugged programming education using CO-

intervention focused on problem-solving

BOBLOCKS. Rather than merely introducing program-
ming concepts, the educational program was designed to

Participants Gender Age Disability type
A Female 23 ASD
B Female 27 ASD
C Male 24 ASD
D Female 24 D
E Female 39 D
F Male 23 D

Table 2. Contents of programming education

No.

Contents

1 - Understanding LED, Sound, and Dancing blocks

- Creating a sequential algorithm using LED, Sound, and Dancing blocks

- Understanding and adjusting the number of the Move Forward block

- Understanding and adjusting the number of Turn Left/Right blocks

- Understanding how changing the block sequence affects robot movement

- Sequencing movement blocks

- Creating a repeating algorithm

O IN[O|O |~ [N

- Understanding infinite loops
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help participants actively solve problem situations using
block-based commands. A variety of programming activ-
ities from previous studies (Lee et al., 2024) were refer-
enced and adapted into a structured program that grad-
ually increased in difhiculty. Each session progressively
introduced more complex tasks, starting from basic pro-
gramming concepts and moving toward more advanced
problem-solving. The educational program also com-
bined individual and cooperative learning to promote
social interaction among participants with developmen-
tal disabilities. The specific contents of the intervention
program are presented in Table 2.

Assessment tool

In this study, a rating scale was used to measure the com-
putational thinking and social skills of individuals with
developmental disabilities. Since the participants had diffi-
culty reading the items and writing answers independent-
ly, the evaluation was conducted by two individuals: a dis-
ability welfare specialist familiar with the participants and
a researcher involved in the study. To ensure objectivity
and accuracy, both evaluators closely observed and record-
ed the participants’ behaviors throughout the sessions.

The computational thinking assessment aimed to
measure core sub-elements of computational thinking, as
discussed in previous studies (Wing, 2006; Wing, 2008;
Brennan & Resnick, 2012). Drawing from Wing’s em-
phasis on abstraction, decomposition, and algorithmic
reasoning, and Brennan and Resnick’s categorization of
computational thinking into concepts (e.g., sequences,
loops, conditionals, data), practices, and perspectives,
this study focused on evaluating key concepts. To secure
the content validity of the assessment, it was reviewed by
two computer education teachers and two special edu-
cation teachers. The reliability verification result showed
a very high Cronbach’s o value of 0.972.

The assessment consisted of a total of 10 items and
was subdivided into problem understanding (3 items),
abstraction (2 items), algorithm (3 items), and automa-
tion (2 items). Each item was evaluated using a 5-point
Likert scale. Representative items include: ‘Identifying
the current state of a problem and the goal state to be
achieved’, and ‘Modifying and refining solutions to suc-
cessfully operate the robot when the initial attempt fails’.
The total score was calculated out of 50 points, and the
average value based on the 5-point scale was presented
during the analysis process. The computational thinking
assessment was conducted across all sessions from the
baseline to the maintenance phase. While maintaining
the same level and content for each session, some items

were adjusted according to the learning topic to enable
more precise measurement.
The social skills assessment was organized into three

and

trol. A total of 10 items were developed: 4 items each

domains: self-assertion, cooperation, self-con-
for self-assertion and cooperation, and two items for
self-control. The same observational procedures used
for the compurtational thinking assessment were applied
during each session. To ensure content validity, the as-
sessment tool was reviewed by two special education
teachers. The items were adapted and modified from the
Social Skills Rating System (Gresham & Elliott, 1990) to
suit the characteristics of the participants in this study.
All items were checked based on the number of times the
researcher observed them, enabling a quantitative analy-
sis of the social skills changes in the research participants.
The internal consistency of the adapted scale was high,

with a Cronbach’s o of 0.965.

Experiment

In this study, an experiment was conducted to analyze
the effectiveness of unplugged programming education
using COBOBLOCKS. The experiment was conducted
once a week for a total of 14 sessions, and each session
lasted 40 minutes. The experimental procedure was di-
vided into four phases: baseline, training, intervention,
and maintenance. At each phase, their computational
thinking and social skills were assessed through obser-
vation.

The first phase of the experiment, the baseline phase,
lasted two weeks. During this period, no intervention
was provided. Participants were given COBOBLOCKS
and a play map to explore freely without researcher in-
volvement. If participants showed stable assessment
scores for two consecutive sessions, they proceeded to the
next phase—the training phase.

The training phase lasted for two weeks, during which
basic programming methods using COBOBLOCKS were
taught. The participants engaged in activities that involved
controlling the movement of the robot car using various
coding blocks. During this learning process, the researcher
explained the role and use of the command blocks.

The intervention phase consisted of eight sessions and
was where the core intervention of this study took place.
This phase mainly focused on understanding the sequen-
tial structure of programming. In addition, during the
intervention process, the researcher provided appropriate
feedback to facilitate the participants’ learning and guid-
ed them to reinforce the problem-solving strategies that
emerged during the performance process.
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Table 3. Inter-rater Reliability for Computational Thinking and Social skills

Assessment Kappa Value (k) Range (Min-Max)
Computational Thinking 0.85 0.78-0.92
Social Skills 0.80 0.74-0.88

The final maintenance phase began one week after
the intervention ended and lasted a total of two weeks.
In this phase, the researcher did not provide additional
interventions to the participants, and observations were
conducted under the same conditions as the baseline.

Intervention Fidelity Measurement
This study assessed intervention fidelity to ensure that
the intervention program was implemented consistent-
ly according to the planned procedures. The evaluation
was conducted by a disability welfare specialist with over
five years of experience, using video recordings and ses-
sion-specific instructional plans as reference materials.
Each item was rated as “Yes (1 point)” or “No (0
points),” and fidelity was evaluated for three randomly
selected sessions, accounting for 30% of the total eight
sessions. The results showed a high level of intervention fi-
delity, with an average score of 96.7% (range: 90-100%).

Inter-rater Reliability

To ensure the reliability of computational thinking and
social skills assessments, which serve as the dependent
variables in this study, inter-rater reliability (IRR) was
calculated separately for each measure. The primary re-
searcher served as Rater 1, while Rater 2 was a disability
welfare specialist with over six years of experience. Both
raters independently assessed all sessions before compar-
ing their evaluations.

Prior to the observational assessments, the researcher
conducted a pre-training session to align both raters on
the study objectives, intervention methods, and assess-
ment criteria for both computational thinking and social
skills. During this training, both raters reviewed recorded
video footage and refined their evaluation criteria to en-
sure consistency. The training concluded once the per-
centage agreement exceeded 90%.

Subsequently, three sessions (20% of the total inter-
vention sessions) were randomly selected for inter-rater
reliability assessment. Since the evaluation methods for
computational thinking and social skills differed, their
inter-rater reliability was analyzed separately. Cohen’s
Kappa (k) coeflicient was used for reliability analysis,
and the detailed inter-rater reliability values for each as-

sessment are presented in Table 3. Both results indicate
substantial agreement, with computational thinking as-
sessments showing slightly higher reliability (Landis et
al., 1977).

Social Validity

This study assessed the social validity of the intervention
program to evaluate its educational usefulness and ac-
ceptability. Social validity was measured based on goal
appropriateness, procedural acceptability, and outcome
usefulness (Kazdin, 1977). The evaluation consisted of
a 10-item survey using a 5-point Likert scale, adminis-
tered to the disability welfare specialist, study partici-
pants, and their caregivers.

The survey results indicated an average score of 4.8
out of 5, with participants and caregivers responding
that the program was practically beneficial. These find-
ings suggest that the unplugged programming education
program developed in this study is both educationally
valuable and highly feasible for individuals with develop-
mental disabilities.

RESULTS

Computational Thinking Improvement

The mean scores and ranges for each phase of the study
participants’ computational thinking scores are presented
in Table 4.

Table 4 presents the mean computational thinking
scores of participants A through F across each experi-
mental phase. All participants showed noticeable increas-
es in their scores from the baseline to the intervention
phase. The baseline mean scores ranged from 1.85 to 2.5,
while the intervention phase scores increased to a range
of 2.61 to 3.85. In the maintenance phase, Participants
A through D maintained high levels of performance, in-
dicating strong retention of learning. Participants E and
F also showed continued growth, though to a lesser ex-
tent. Additionally, all participants achieved a PND (Per-
centage of Non-overlapping Data) of 100%, demonstrat-
ing a highly effective intervention across individuals. The
trends in computational thinking scores for participants
A through F are illustrated in Figure 1.
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Table 4. Participants’ computational thinking scores

Participants

A

B

Baseline
M(SD)

25
(2.5-2.5)

2.45
(2.4-2.5)

(2-2)

1.85 2.25
(1.8-1.9) (2.2-2.3)

Training
M(SD)

2.9
(2.8-3.0)

3.1
(2.9-3.9)

2.35
(2.3-2.4)

2 2.35
(2-2) (2.3-2.4)

Intervention
M(SD)

3.49
(3.2-3.8)

3.56
(3.1-4)

3.12
(2.3-3.9)

2.61 3.22
(2-3.3) (2.6-3.8)

Maintenance
M(SD)

3.7
(3.7-3.7)

3.9
(3.8-4)

3.85
(3.7-4)

2.8 3.5
(2.8-2.8) (3.3-3.7)

Intervention
PND

100%

100%

100%

100% 100%

Maintenance
PND

100%

100%

100%

100% 100%
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Figure 1. Changes in computational thinking scores for Participants A to F across all phases
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Table 5. Participants’ Social Skills Frequencies

Participants

A

Baseline
M(SD)

4 1.5
(3-9)

(3-3)

10
(10-10)

8.5
(7-10)

(6-8)

Training
M(SD)

5 2
(5-9)

4.5
(4-5)

14
(13-15)

12.5
(12-13)

(8-8)

Intervention
M(SD)

7.75
(3-10)

7.25
(4-10)

21.86
(18-25)

19.25
(16-25)

13.63
(10-16)

Maintenance
M(SD)

5.5 7
(5-6)

5.5
(5-6)

19
(18-20)

18.5
(15-20)

16
(16-16)

Intervention
PND

75% 75%

100%

100%

100%

100%

Maintenance
PND

50% 100%

100%

100%

100%

100%
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Figure 2. Changes in the frequency of social skills for Participants A to F across all phases
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Participants A through D exhibited steady growth
throughout the intervention, maintaining or slightly
increasing their scores during the maintenance phase.
Participant C, in particular, reached and sustained the
maximum score, indicating the strongest response to
the intervention. In contrast, Participants E and E
who began with lower baseline scores, showed grad-
ual yet meaningful improvement over time. The visu-
al patterns shown in the figure highlight not only the
overall effectiveness of the unplugged programming
intervention but also its potential to support learners
with varying initial levels of computational thinking.
(Figure 1.)

Social Skills Improvement
The results of social skills by phase for each participant
are presented in Table 5.

All participants demonstrated increased social skills
during the intervention phase compared to the baseline.
Notably, participants D, E, and F exhibited particularly
high frequencies, while A, B, and C showed more modest
gains. The maintenance phase data indicated that most
participants retained the improvements to some degree.
PND analysis further confirmed the effectiveness of the
intervention, with PND values reaching 100% for all
participants except A and B, who showed partial mainte-
nance. These results support the overall effectiveness and
generalizability of the intervention.

Figure 2 illustrates the progression of social skills fre-
quencies for each participant across the four phases. Par-
ticipants D, E, and F started with moderate to high base-
line frequencies and demonstrated strong and consistent
improvement throughout the intervention and mainte-
nance phases. In contrast, Participants A, B, and C, all
diagnosed with ASD, began with lower baseline frequen-
cies and showed more gradual improvement. However,
even among these participants, behavioral gains were
observed and sustained mainly during the maintenance
phase. These patterns suggest that while response levels
varied depending on individual characteristics, the inter-
vention program positively influenced the social interac-
tion skills of all participants. (Figure 2.)

CONCLUSION

In this paper, we developed and applied an unplugged
programming education program for six individuals with
developmental disabilities. The experiment results show
that all participants have improved in both computa-
tional thinking and social skills compared to the baseline

phase. Based on these findings, the conclusions and sug-
gestions are as follows.

First, the intervention program implemented in this
study was effective in enhancing the computational
thinking of individuals with developmental disabilities.
During the baseline phase, participants had difficulty
understanding how to give commands to a robot car us-
ing coding blocks. However, as the program progressed,
noticeable changes were observed. With repeated inter-
ventions, participants demonstrated the ability to select
and sequence coding blocks to solve problems, going be-
yond merely following given instructions. They were able
to identify and correct errors and explore more efficient
solutions. This suggests that individuals with develop-
mental disabilities can develop computational thinking
through appropriate educational support.

Second, the unplugged programming education con-
ducted in this study had a positive effect on improving
participants’ social skills. The unplugged activities natu-
rally encouraged interaction with others. As the program
progressed, participants showed increased interest in their
peers, engaged in conversations, and helped one anoth-
er. These findings indicate that unplugged programming
education can serve as a meaningful educational tool to
promote social interaction in individuals with develop-
mental disabilities.

Third, the unplugged programming tool used in
this study contributed to enhancing accessibility to pro-
gramming education for individuals with developmental
disabilities. By using tangible coding blocks instead of
digital devices, participants were able to understand and
apply programming concepts more intuitively. This sug-
gests that instructional methods tailored to the cognitive
and sensory characteristics of individuals with develop-
mental disabilities can be effectively applied in program-
ming education. In practical classroom contexts, teachers
may further adapt unplugged programming activities to
different ability levels by simplifying task steps, providing
visual supports, or offering extension challenges for more
advanced learners. Pairing students with diverse strengths
may also foster peer learning and social interaction, en-
suring that all learners can participate meaningfully.

This study was conducted as a single-subject research
with only six participants, limited to a specific region and
age group. This limitation is consistent with the nature
of single-case research widely used in special education
(Kert et al. 2022; Knight et al. 2019). However, there are
limitations in generalizing the findings. In addition, only
limited demographic information was collected for the
participants because of ethical concerns and the sensitiv-
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ity of such information. More detailed descriptors, such
as cognitive level, communication ability, or prior social
skills experience, could have provided more profound in-
sights into individual differences in program outcomes.
Future studies should include a broader range of age
groups and disability characteristics, along with the de-
velopment of educational programming that incorpo-
rates various tools and instructional strategies. Follow-up
research is also needed to verify the long-term effects of
such programs.

Furthermore, collecting more comprehensive par-
ticipant characteristics, where ethically and practically
feasible, would allow for a richer interpretation of find-
ings. Future studies should also examine potential differ-
ential effects between individuals with ASD and ID to
provide a more nuanced understanding of intervention
outcomes. In addition, it would be meaningful to explore
how unplugged programming can be systematically in-
tegrated with digital programming tools to scaffold pro-
gression and support the transfer of learning to broader
technological contexts.

Currently, programming education for individuals
with developmental disabilities is relatively scarce com-
pared to general education curricula. However, as demon-
strated in this study, with appropriate teaching strategies
and tools, individuals with developmental disabilities can
gradually improve both computational thinking and so-
cial skills. Accordingly, this study is meaningful as it em-
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