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Teaching basic computer
programming to young adults
with intellectual disability

Maria Agatina Stimoli, Francesco Domenico Di Blasi?,
Silvestro Maccarrone, Angela Antonia Costanzo,
Paola Occhipinti and Serafino Buono

Unit of Psychology, Oasi Research Institute-IRCCS, Troina, Italy

Introduction: Teaching computer programming can be challenging, especially
for individuals with intellectual disability (ID) who exhibit a wide range of
learning abilities and behavioral characteristics. This study aimed to investigate
the effectiveness of an intervention designed to teach computer programming
skills to individuals with ID.

Method: Four women with ID, aged 27 to 54 years, were selected to participate
in the study. Participants were taught computer programming using authoring
software to create multimedia educational activities. A discrete trial teaching
(DTT) approach was employed to teach specific skills and to gradually fade
prompts to promote independent learning. A multiple-probe design across
subjects was used to evaluate the effectiveness of the intervention. This design
involved a baseline phase, a training phase with a most-to-least prompting
procedure, and a 1-month follow-up phase to assess skill maintenance.

Results: The results demonstrated that all participants were able to acquire the
necessary programming skills and complete the assigned tasks independently.

Conclusion: Computer programming can provide valuable learning and
development opportunities for individuals with ID. However, it is essential to
tailor the instruction to individual needs and provide appropriate support.
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Introduction

Since the second half of the last century, we have been witnessing a process of social
transformation defined as computer literacy driven by the widespread adoption of personal
computers and other digital devices in a wide range of work, training, and teaching activities,
as well as in daily life. In the present century, programming has emerged as a new form of
literacy, empowering individuals to learn to code or program in order to become active
creators of digital information, rather than merely passive consumers (Kereluik et al., 2013).

Programming can be integrated into various educational and training contexts as it fosters
the development of crucial cognitive skills (Papert, 2005). Programming sessions can therefore
be integrated into a number of training, school, and educational activities as they can
contribute to improving thinking skills in learning processes (Papert, 2005). Such skills involve
the use of cognitive mechanisms (problem formulation, problem-solving, recursive thinking,
abstraction, decomposition, error correction, and reasoning) essential for success in solving
problems encountered in everyday life (Wing, 2006).
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Individuals with intellectual disability (ID) are often excluded from
learning complex skills like computer programming due to their unique
needs and challenges (Wille et al., 2017). ID is in fact characterized by
significant limitations in both intellectual and adaptive functioning,
encompassing various degrees of cognitive ability and often co-occurring
with other neurodevelopmental disorders and various genetic syndromes
(Schalocketal., 2021). As a result, teaching programming to students with
ID can be particularly challenging considering their different IDs, ages,
learning levels, and behavioral characteristics. To date, there are in fact
limited studies on teaching programming addressed to people with ID or
autism spectrum disorder (ASD) (Luxton-Reilly et al., 2018). Research
has shown that children and adolescents with intellectual disability (ID)
or Down’s syndrome can acquire basic programming and computational
skills through explicit instruction, the use of concrete manipulatives (e.g.,
physical coding blocks), and tangible interfaces (e.g., robots). These
approaches have been found to improve cognitive abilities, including
episodic memory, executive functions, visuospatial skills, social
interaction, and emotional-motivational regulation (Besio et al., 2008;
Businaro et al., 2014; Taylor et al., 2017; Taylor, 2018; Bargagna et al., 2019;
Gonzalez-Gonzalez et al., 2019; Di Lieto et al., 2020; Kolne et al., 2021;
Kert et al., 2022; Pérez et al., 2021; Shahid et al., 2022; Ellis et al., 2023;
Baek et al., 2024; Grafdl and Fraser, 2024; Kim et al., 2024). Adults with ID
can also benefit from learning programming through guided activities,
video tutorials, and explicit instruction, as demonstrated by Koushik and
Kane (2019). Similarly, children with autism spectrum disorder (ASD)
and ID can develop computational thinking skills through explicit
instruction, guided activities, and interaction with programming software
platforms (Snodgrass et al., 2016; Albo-Canals et al., 2018; Ketenci et al.,
2022; Sola—Ozgﬁg and Altin, 2022; Gkiolnta et al., 2023). While various
technologies and methodologies have been used to teach programming
to individuals with ID and ASD, there is still a lack of consensus on the
most effective assessment methods and instructional approaches.
Currently, evaluation often relies on subjective observations and
interviews with students and instructors (De Aratijo and Andrade, 2021).
“Explicit instruction” has emerged as a promising approach for teaching
IT skills to this population (Israel et al., 2015a, 2015b; Sola—Ozgﬁg and
Altin, 2022; Baek et al., 2024). This approach involves breaking down
complex tasks into smaller, more manageable steps, providing clear
demonstrations, offering guided practice, providing immediate feedback
to reinforce positive responses and correct negative ones, and promoting
generalization of the learned skill to independent use (for a review see
Hughes et al., 2017). Discrete trial teaching (DTT) aligns with the
principles of an explicit instruction by promoting skill acquisition in a
structured setting; instructor support (prompts) prevents students from
making mistakes and therefore gradually learn new skills; as students gain
proficiency, the instructor gradually reduces the amount of support,
eventually allowing them to perform the skill independently and in

TABLE 1 Cognitive and behavioural characteristics of participants.
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different conditions; finally, this systematic approach maximizes learning
and reinforces correct responses by providing frequent opportunities for
practice and feedback (Hughes et al., 2017).

Several approaches can be used to teach programming, including
robotics, block-based programming, unplugged programming, and
authoring software. For this study, we chose to use authoring software, as
it enables individuals without prior programming experience to create
multimedia educational activities by combining various elements such as
text, images, audio, and animations. JClic, (Xarxa Telematica Educativa
de Catalunya, 1992) an open-source authoring software platform
distributed under the GNU GPL license, provides a user-friendly interface
for creating various types of interactive multimedia content.

Given that research is limited but growing, and is characterized by
heterogeneity in methodologies, technologies used, and sample
characteristics (e.g., age, cognitive-behavioral profile, and sample
size), it presents limitations that currently do not allow for the sharing
of solid evidence useful for educational practice. However, the
potential benefits for individuals with ID resulting from learning
computer programming encourage us to address this issue, as it can
represent, along with other interventions, a means to increase self-
esteem and efficacy, to strengthen the perception of oneself as a
competent person, and to create new inclusive opportunities.

This study aimed to teach four young adults with ID how to use
JClic authoring software to create multimedia projects. The primary
goal was to develop their basic IT skills through a discrete trial
teaching approach.

Materials and methods
Participants, settings, and materials

The study participants were four young women aged 27 to 54 years
who regularly participate in habilitation sessions at the institute. These
sessions focused on developing autonomy, environmental
management skills, cognitive stimulation, and occupational therapy.
The participants were well-integrated into the residential context,
adhering to daily routines and actively engaging in their individualized
habilitation programs.

All participants presented with intellectual disability, varying in
severity, and often co-occurring with other neurodevelopmental
disorders (Table 1). Prior to the study, the participants had
demonstrated enthusiasm and motivation for technology-based
activities. Written informed consent was obtained from the
participants’ parents to publish this article.

To determine the participants’ preferences, interviews were

conducted with their instructors, who had extensive knowledge of their

Sex Chronological age Diagnosis Cognitive level Characteristics
M Female 27 Autism spectrum disorder Mild ID Cognitive rigidity; verbal perseverations;
emotional lability
S Female 54 Personality disorder NOS, Borderline intellectual Mood instability; anxious-depressive
obsessive-compulsive disorder functioning symptoms
Female 35 Personality disorder NOS; epilepsy. | Mild ID Irritability; low frustration; tolerance
D Female 30 Prader-Willi syndrome Moderate ID Cognitive rigidity; skin-picking
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FIGURE 1
Textual prompt (concept map).

individual needs and interests. Given the participants” high level of

Nome:

Cognome:

motivation for computer-based activities, a formal preference
assessment was deemed unnecessary. Positive reinforcement, in the
form of verbal praise, was sufficient to maintain engagement throughout
the training sessions. For participant G, additional motivating
reinforcers, such as listening to music or playing games on the computer,
were occasionally used to encourage continued engagement and
adherence to the training protocol. This was necessary because
participant G sometimes exhibited tendency to deviate from the
established procedures after achieving initial success.

The study was conducted in a multimedia rehabilitation laboratory
equipped with a desk, cabinets, and a computer. The computer was
installed with JClic software, a Java-based platform that is used on various
operating systems (Musilli, 2014). JClic comprises four modules: (1) JClic
Author: For creating, editing, and publishing JClic projects; (2) JClic
Player: For running JClic off-line; (3) JClic Applet: For embedding JClic
projects on web page; (4) JClic Reports: For collecting and analyzing
user data.

Each participant was seated individually at a computer station, and
the instructor provided the following instruction “Create a JClic complex

associations project”
A task analysis was created, outlining five key steps (see Figure 1) LED > é/—
required to complete a complex associations project. CRoRo oD
Scheda Circuito = +

For the unplugged activities, a visual representation of an electrical

circuit was used. This representation consisted of a physical circuit FIGURE 2

diagram and a set of colored pictograms paired with corresponding Electrical circuit scheme.

written labels. Correctly connecting the pictograms and labels would
illuminate an LED bulb. The materials used for this activity included
adhesive copper tape, paper, an LED bulb, and a 3-volt button cell (see

Figure 2).

The following materials were used for the connection box
(Figure 3): a circuit board with 200 holes; two 50-cm red and yellow
wires; two 50-cm yellow wires with red and yellow alligator clips; a

Frontiers in Education

green LED; a 3-volt button cell; a battery holder for a 3-volt button
cell; eight sample holders; various slips of paper with colored
pictograms and corresponding written labels (e.g., Apple, Dog, Sun,
House); a storage box to hold the electrical components; a 30x25 cm
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FIGURE 3
Connection box.

cardboard base to hold the slips and labels; 50-cm hook-and-loop
fastener (Velcro); adhesive copper tape.

Procedures
Unplugged activity

The training was preceded by two unplugged activities, without
computers or other electronic devices. One was carried out to
introduce the concept of electrical circuits and one to introduce the
concept of complex associations.

For each activity, conducted at separate times, participants worked
in a group setting with an instructor to assemble the necessary
materials for creating an electrical circuit and a connection box. The
instructor first demonstrated the assembly process, and then, each
participant followed along, replicating the steps. When needed, the
instructor provided additional guidance, such as repeating
instructions or offering verbal prompts.

The group setting fostered a collaborative learning environment,
allowing participants to learn from each other by observing
and interacting.

Pre-training

To ensure that participants possessed the necessary basic
computer skills, a pre-assessment was conducted. All four participants
demonstrated the required competence.

Experimental design

A multiple-probe design was used to evaluate the effectiveness of
an instructional procedure involving prompting and reinforcement.

Frontiers in Education
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The intervention aimed to teach four individuals with intellectual
disabilities how to create complex associations projects using
computer programming software. Each trial involved five steps
(concept maps), and participant performance was measured by
calculating the percentage of correct responses. A baseline phase was
conducted for all four participants, during which they were not
provided with any assistance or reinforcement. Training began with
the first participant, who received instruction using a graduated
prompting procedure (most-to-least prompts). Once the first
participant achieved mastery, defined as 80% correct responses across
three consecutive sessions, training commenced for the second
participant and so on. The training continued until each participant
could independently perform the entire sequence of steps without
errors or prompts on two consecutive trials.

Measurement and interobserver agreement

To measure participant performance, a trial-by-trial data
collection sheet was used. This sheet outlined the five steps involved
in completing the task (based on the concept maps). Each step was
scored as either correct (+) or incorrect (—), and the percentage of
correct responses was calculated. The observers recorded, each on
their own sheet, the answers obtained according to the conditions
established in the teaching procedure. The percentage of correct
answers for each of the five steps (concept maps) completed by the
participants was calculated. Interobserver agreement (IOA) was
assessed by having a second observer independently record participant
performance. IOA was calculated by dividing the number of
agreements between the two observers by the total number of trials
and multiplying by 100 (Cooper et al., 2007). The calculated IOA
was 90%.

Baseline

During the baseline phase, participants were asked to
independently start JClic program and attempt to create a new project.
No prompts or reinforcement was provided. While participants were
able to initiate the program, they were unable to progress further in
the project creation process.

Training

A discrete trial training approach was used, employing a total task
chaining procedure. This involved breaking down the task into smaller
steps (based on the task analysis) and providing instruction and
support for each step. The instructor gradually reduced assistance as
the participant demonstrated mastery of each step, ultimately enabling
independent performance of the entire task.

Two training sessions were conducted per week. Initially, each
session consisted of a single 45- to 50-min trial. As participants
became more proficient, the session duration decreased to 10-15 min,
allowing for the inclusion of two trials per session. The training
started with the first participant. The instructor provided verbal
instruction to create a complex associations project on JClic
authoring, showing the program on the PC; the instructor carried out
the procedure on the PC (modeling) and at the same time provided
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a textual prompt (five maps to follow for the realization of the
project); the participant was then invited to carry out the steps
indicated in the maps, and in the first phase, she was accompanied by
total gestural and verbal prompts from the instructor for the
implementation of the project until reaching the established mastery
criterion (i.e., three consecutive sessions per day at 80%) reinforcing
the correct execution of the steps with praise. The teaching was
divided into six phases (conditions), in each of which the prompts
were reduced (fading), to facilitate the acquisition of the procedure
in complete autonomy (Table 2). Therefore, in the first condition, the
participant received modeling, verbal prompts, gestural prompts, and
written instructions. In the second condition, verbal and textual
prompts were provided. In the third condition, only written
instructions were given. The fourth condition involved no prompting.
In the final two conditions, generalization was promoted by
introducing new images, varying the content of the tasks, and having
different instructors provide instruction. The participants were used
to working with the IT expert educator with whom they have
established a positive and supportive relationship. During the
generalization phase, a different instructor, who was known to the
participants but not in a close capacity, was introduced to the
training setting.

An error correction procedure was incorporated into the training.
Whenever a participant made a mistake, the instructor provided
immediate feedback and guidance, including verbal instructions,
physical prompts, and written cues. This process was repeated until
the participant successfully completed the step independently.

The teaching was divided into six phases (conditions): in each
phase, prompts were gradually reduced, starting with the least
intrusive ones (such as gestures and visuals) to minimize intervention
and promote autonomy.

Condition 1: modeling and total gestural and verbal prompt,
textual prompt (map display).

Condition 2: textual prompt, verbal prompt.

Condition 3: textual prompt.

Condition 4: no prompt.

Condition 5: generalization with different images.

Condition 6: generalization with different instructors.

TABLE 2 Teaching procedure.

Total task chaining

« Introduce the PC and JClic program
« Provide verbal instruction

« Run the activity on JClic with most-to-least prompts type:

—

. Modeling, total gestural and verbal prompt, textual prompt
. Textual and verbal prompt

. Text prompt

. No prompts

. Generalization with different images

[ RS B S S

. Generalization with different instructors

« Reinforce the performance at the end of the chain with praise
Error correction

« Every time the participant makes a mistake, take her back to the last step of the

correctly performed sequence
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Each training session followed a structured sequence
involving the participant, the instructor, the computer, and JClic
software. The instructor began by verbally instructing the
participant to create a new complex associations project in JClic.
A modeling phase followed, where the instructor demonstrated
each of the five steps on the computer. The participant was
invited to replicate the five steps previously performed by the
instructor and was immediately provided with verbal prompts,
total gestures, and visual cues (e.g., task analysis maps). Correct
answers were reinforced with verbal praise (“very good, you did

«  »

well”) and a positive “+” mark on the data sheet; incorrect

responses or non-responses within 5 s were followed by an error

« »

correction procedure, a negative “-” mark on the data sheet and
a re-demonstration with verbal, gestural, and textual prompts and
additional prompts.

If the participant responded correctly within 5 s, they received less
emphatic praise (“good”). This involved gradually reducing the level
of prompting as the participant’s performance improved. Once the
participants achieved independent performance (condition 4), they
were tasked with creating associations using new, unfamiliar images.
Participants were asked to create new associations with new images
(not those used during training). Subsequently, a generalization phase
was planned with different instructors delivering instructions in the
absence of the initial trainer. This aimed to determine whether the
participant could apply their learned skills to new situations and with
different individuals.

Follow-up

A follow-up assessment was conducted approximately 1 month
after the conclusion of the training. No activity related to JClic
software was carried out this month. During this assessment, the
participants were asked to complete JClic project without any prompts
or reinforcement, similar to the baseline phase.

Results

Figure 4 shows an overall view of the effectiveness of the
treatment. All four participants successfully met the established
training criteria, thus eliminating the need for further instruction.

In the training phase, an average of four sessions were conducted
for each condition. In particular, we can observe that the first
participant D maintained a fairly constant trend, she performed the
task with great enthusiasm; initially, she tried to avoid following the
maps and the procedure as proposed by the instructor, but gradually,
she accepted the guidance provided through the prompts provided:
1 (modeling and total gestural and verbal prompt, textual prompt)
and 2 (textual prompt, verbal prompt). Once she gained awareness
of the task, already in condition 4 (no prompt) she began to build
the program deviating from the prescribed steps and incorporating
her own ideas. She demonstrated creativity by suggesting the use of
new images. By the end of the training, she exhibited improved
focus and organizational skills, planning her work and
utilizing notes.

The second participant S also maintained a consistent level of
engagement throughout the training. She closely followed the
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provided instructions and demonstrated enthusiasm for
the activity.

The third participant M exhibited a more variable performance,
often appearing insecure and reliant on prompts. She frequently
displayed anxiety and agitation, requiring reassurance to complete the
tasks. In condition 4 (no prompt), she became frustrated with errors
but eventually found strategies to resolve them independently,
ultimately meeting the mastery criterion.

The fourth participant G also met the training objectives, although
her performance was more inconsistent. She often became frustrated
with repetitive tasks and required additional motivation, such as
computer games or music, to maintain engagement. With these
additional reinforcers, she was able to complete the training successfully.

A follow-up assessment was conducted 1 month after the
completion of the training. All four participants achieved a score of
80% or higher on the assessment, indicating maintenance of the
acquired skills.

Discussion

From the results obtained, we can state that teaching basic computer
programming using JClic authoring software proved to be effective as the
four participants successfully learned to create a project of complex
associations aimed at creating multimedia educational activities.

While JClic was not specifically designed for individuals with
disabilities, it was able to facilitate their access to computer
programming and overcome certain barriers. This aligns with the
International Classification of Functioning, Disability, and Health
(ICF) framework, which emphasizes the importance of providing
support to enable participation in various activities (World Health
Organization (WHO), 2001).

The combination of JClic authoring software and explicit
instruction proved effective in teaching computer programming skills
to individuals with intellectual disabilities. This finding aligns with
previous research demonstrating the efficacy of explicit instruction in
teaching various skills, including academic skills (Butler et al., 2001;
Knight et al., 2012; Bakken et al., 2021; Capraz, 2023; Rodgers and
Loveall, 2023; Schold et al., 2023; Sulu et al., 2023), also for computer
skills (Israel et al., 2015a, 2015b; Solw()zgﬁg and Altin, 2022). Explicit
instruction, which involves breaking down complex tasks into smaller,
more manageable steps and providing immediate feedback, is a key
component of effective teaching for individuals with intellectual
disabilities. This approach aligns with behavioral chaining techniques,
where tasks are broken down into smaller steps and taught sequentially
(Hughes et al., 2017). The use of the aforementioned methodology has
been previously proposed in educational approaches for individuals
with disabilities, and the results of our study are a further confirmation
of the effectiveness of how to teach this special population. They
represent a novelty applied to what to teach, namely the acquisition of
skills in the specific field of information technology, and to whom
adult people with intellectual disabilities with associated
behavioral problems.

The multimedia products created by the four participants with ID
were subsequently used in rehabilitation activities for children and
adolescents with various levels of disability. Their direct involvement,
albeit in an executive role, in the creation of this basic multimedia
software represents an innovative approach. This experience has
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empowered individuals with ID, enhancing their self-awareness and
sense of competence in the field of IT. By contributing to the creation
of educational materials, they have assumed a role of responsibility
and gained recognition for their abilities. This aligns with the
principles of inclusive education and promotes the dignity and
wellbeing of individuals with ID. Accessing these conditions allows
individuals with ID to assume more adult-like roles, facilitating the
transition to adulthood and challenging the traditional image of
individuals with ID as passive recipients of care. This approach, rooted
in the principles of person-centered care, respects individual
differences and promotes autonomy (Caldin and Scollo, 2018). It is
also important to underline that the educational intervention
described in our study was motivated by the participants’ genuine
interest in learning computer programming. This intrinsic motivation
served as a powerful driver for their engagement and progress. By
tailoring the intervention to their individual needs and interests,
we were able to further stimulate their desire to become more
independent and self-directed. There is currently a broad consensus
on the role for digital and information technologies in promoting
inclusion for individuals with ID. The United Nations (2006) has
recognized access to these technologies as a fundamental human right.
It is equally true, however, that the process of digital literacy, and
we could add, computer literacy of people with ID is still very far from
being fully realized. Making people with ID computer literate is a
challenging task, as the rapid advancements in technology often
exacerbate the digital divide between those who can access and use
technology and those who cannot (Lussier-Desrochers et al., 2017;
Chadwick et al., 2019; Johansson et al., 2021). From a psycho-
pedagogical point of view, basic computer literacy can also have
important implications in the area of cognitive and adaptive
rehabilitation to support people with various forms of intellectual and
behavioral disabilities. In fact, computer programming can offer
learning opportunities proposed through multifaceted stimuli in a
context of greater originality, and cognitive and relational flexibility.
While it should not replace traditional clinical and rehabilitative
interventions, it can be integrated into a comprehensive support plan
to enhance the quality of life for individuals with ID. All this can have
an inclusive value that still needs to be better explored today.

Conclusion

Our study presents research on the effectiveness of an intervention
applied to four women with ID, with varying learning levels and
behavioral characteristics, on basic computer programming skills using
JClic authoring software. The results obtained provide further evidence
of the feasibility of interventions to promote computer programming
education for individuals with intellectual disabilities. The reasons for
these results are likely due to a combination of the programming
approach using authoring software, the teaching methodology based
on discrete trial teaching, which falls within the explicit instruction
approach, and the characteristics of the participants, for whom this
experience was both motivating and empowering.

However, our study also has a number of limitations. The sample
used in this study was limited to only four female participants. To
generalize the findings of the study, future research should replicate
these results across diverse populations with ID (e.g., genetic
syndromes) and various age groups.
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Regarding the methodology, the maintenance probe was
administered 1 month after the final independent performance. In the
future, it would be necessary to plan for multiple follow-up periods
(e.g., 6, 12, 18 months) to observe the long-term maintenance of
acquired skills.

Considering that specific software for individuals with ID is often
unavailable and that the choice is usually dictated by cognitive-
behavioral characteristics of the individuals in relation to the software
rather than the other way around, future research should include the
use of different software for learning basic computer programming.

The challenge posed by this new area of learning can also have
significant implications in the area of cognitive and adaptive
rehabilitation to support people with various forms of intellectual and
behavioral disabilities. Future research in this area should incorporate
basic programming activities into individualized plans, tailored to the
cognitive-behavioral characteristics and the level of support required,

as computer programming can offer learning and inclusive opportunities.
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