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Abstract

In recent decades, technological advances have fostered new therapeutic approaches for
children with neurodevelopmental disorders, particularly Autism Spectrum Disorder. Edu-
cational robotics has emerged as a promising resource for acquiring social skills, recognizing
emotions, and developing theory of mind. However, there is still a need to understand
which dimensions are most susceptible to this specific intervention and how its impact
differs based on individual profiles. This study analyzes the effect of a therapeutic inter-
vention based on Educational Robotics on Social Skills, Emotional Recognition, and Theory
of Mind in two students diagnosed with Autism Spectrum Disorder. The intervention was
structured in seven sessions using the ANDY® kit. Tests from the NEPSY-II battery and
an observational rubric of Social Skills recorded session by session were applied. Both
participants showed significant improvements in Social Skills, especially in rules of courtesy,
nonverbal communication, and conversational interaction. Regarding Emotional Recognition,
one participant improved in identifying highly affective emotions, while the other showed
more modest progress. Theory of Mind showed progress in only one of the participants.
Adherence was high, although a slight decrease in motivation was identified in the last
sessions. These results suggest that Educational Robotics, when applied within a structured
therapeutic framework, can effectively foster socioemotional development in children
with Neurodevelopmental Disorders. However, variability across domains highlights the
importance of tailoring interventions to individual profiles and complementing them with
strategies that support the transfer of learning to natural contexts.

Keywords: educational robotics; autism spectrum disorder; neurodevelopmental disorders

1. Introduction
1.1. Disability and Autism Spectrum Disorder (ASD): Neurocognitive Foundations

Within the framework of inclusive education, school systems face the challenge of
addressing the growing diversity of the student population, which includes learners with
Autism Spectrum Disorder. This condition is defined as a neurodevelopmental disorder
characterized by persistent deficits in communication and social interaction, alongside
restrictive and repetitive patterns of behavior, interests, or activities [1]. Autism Spectrum
Disorder (ASD) affects approximately 2.8% of the child population, equivalent to 1 in every
36 children [2], and its diagnosis has progressively increased due to greater understanding
and awareness of its clinical manifestations.
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Individuals with Autism Spectrum Disorder exhibit significant difficulties in two
major social domains: emotional reciprocity and the ability to establish and maintain
satisfactory interpersonal relationships. These challenges include problems initiating and
sustaining social interactions, recognizing and appropriately expressing one’s own and
others’ emotions, adapting behavior to different contexts, interpreting non-verbal commu-
nication, understanding implicit social rules, and managing the literalness of language
(Figure 1) [3–6].

Figure 1. Descriptive traits of students with Level 1 Autism Spectrum Disorder.

Such difficulties increase the risk of social isolation, directly affecting emotional
well-being and raising the incidence of comorbid disorders such as anxiety and depres-
sion [6,7]. Moreover, they negatively impact quality of life as well as personal and profes-
sional development, highlighting the need for effective interventions targeting socioemo-
tional domains.

Cognitive-neuropsychological theories provide a framework for understanding these
challenges. In particular, Theory of Mind (ToM), defined as the ability to attribute mental
states to oneself and others, is a central construction in explaining the social difficulties
associated with Autism Spectrum Disorder [8]. According to Baron-Cohen [9], individuals
with Autism Spectrum Disorder display ToM deficits, which limit their ability to infer
others’ beliefs, intentions, or emotions, thus hindering effective social interaction.

These deficits are often accompanied by impairments in executive functions such
as attention, a tendency to rely on visual rather than verbal thinking, and heightened
systematization skills [8]. Children with Autism Spectrum Disorder typically show low
tolerance for distraction but can maintain high levels of sustained attention on tasks that
are of particular interest to them. Additionally, they tend to process information in a
fragmented way, which impairs their ability to grasp global meaning and prioritize relevant
details. These characteristics affect social development, manifesting in behaviors such
as appearing not to listen because attention is directed toward other stimuli, extending
conversations on a single topic beyond socially acceptable limits, or focusing on irrelevant
details rather than the main thread of conversation [1].

The predominance of visual thinking and fragmented information processing also
hampers the generalization of learning and behavior, thereby impacting social and com-
municative competence. For example, children with Autism Spectrum Disorder may
appear distracted because their attention shifts to secondary stimuli, or they may engage in
conversations focused solely on personal interests, which impedes social reciprocity [8].

Crucially, the persistence of these difficulties, particularly the challenge in skill gener-
alization, underscores the continued need for interventions that are systematic, evidence-
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based, and aligned with individual learning profiles. Established Comprehensive Treatment
Models (CTMs) such as Applied Behavior Analysis (ABA), the Picture Exchange Com-
munication System (PECS), the Early Start Denver Model (ESDM), and Pivotal Response
Training (PRT) address these deficits through core educational principles, including the
use of systematic instruction, positive reinforcement, and a focus on intrinsic motivation
and functional communication [10]. The success of these consolidated curricula validates
the necessity of a highly structured and individualized approach that actively targets core
deficits. Therefore, interventions must seek to leverage the structured, predictable envi-
ronment, which is paramount in these established principles, to maximize the acquisition
and functional application of social skills and ToM abilities in the context of the identified
cognitive strengths of the Autism Spectrum Disorder population. Educational robotics
interventions are coherently aligned with these needs, as they capitalize on the visual and
systematization strengths of students with Autism Spectrum Disorder to deliver structured,
motivating, and collaborative practice that facilitates the generalization of socio-cognitive
skills like ToM.

1.2. Educational Robotics and Therapeutic Impact on ASD

In recent years, advances in Information and Communication Technologies (ICTs)
have enabled the incorporation of innovative therapeutic resources into educational and
healthcare settings, including Therapeutic Intervention Assisted by Robots for Disability.
This approach has been developed through interdisciplinary innovation and research across
the fields of Education, Psychology, Engineering, and Health Sciences [11–13]. This study
aims to evaluate the therapeutic effect of Educational Robotics in primary school children
diagnosed with Autism Spectrum Disorder, focusing on the improvement of their social
and communication skills.

Within this framework, Educational Robotics (ER) has emerged as a promising tool for
intervention in neurodevelopmental disorders such as ASD [14,15]. Educational Robotics
(ER) can be defined as the interdisciplinary field that integrates principles of education,
engineering, and cognitive science through the design, construction, and programming of
robots for learning purposes. ER involves the use of robotic platforms as mediating artifacts
to promote cognitive, social, and emotional development, while fostering problem-solving,
creativity, and collaborative learning among students [16–18]. The educational principles
underlying ER are grounded in constructivist and constructionist theories, which emphasize
active, hands-on learning and knowledge construction through meaningful experiences.

Although initially designed for technological training, ER methodologies have been
successfully adapted to early childhood and primary education through practical and
affective approaches, such as unplugged CT [16,19]. The structured, visual, and engaging
environment provided by ER is particularly well suited to children with Autism Spectrum
Disorder, who often show restricted interests in areas such as construction and computing,
thereby facilitating motivation and engagement [14,15].

From a therapeutic perspective, several studies have documented improvements
in emotional regulation, social skills, and executive functions in students with Autism
Spectrum Disorder, as well as in the activation of basic frontal functions, achieved through
computer-mediated interventions grounded in cognitive-behavioral principles [5,20].

The mounting evidence demonstrates benefits in areas such as sustained attention,
imitation, verbal initiative, and cooperation, attributed to children’s affinity for robots
and the structured tasks and immediate feedback they provide [21,22]. Robotics also
enhances socioemotional competencies such as empathy and communication [23,24]. A
systematic review concluded that digital technologies, including robotics, are effective in
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improving social competence in children with Autism Spectrum Disorder, particularly
within collaborative environments [22].

Furthermore, studies highlight the potential of emotionally responsive social robots
(e.g., the Emorobot project) in promoting self-regulation and emotional understand-
ing [25,26]. For instance, 75% of children with Autism Spectrum Disorder maintained
attention on the NAO robot during imitation and dialog tasks, reinforcing its role as a
social facilitator [27]. Nevertheless, the high technological complexity and corresponding
financial cost of Socially Assistive Robots (SARs) limit their widespread implementation in
schools. These advanced systems depend on complex Artificial Intelligence (AI) algorithms,
computer vision, and sophisticated actuators to simulate social interaction, resulting in a
significant economic and management barrier. Consequently, it is imperative to implement
other Educational Robotics (ER) resources that are considerably more affordable, easier to
use, and adaptable to different educational stages and student characteristics. The effective-
ness of these resources lies in the potential of the teaching methodology applied, rather
than in the complexity of the hardware.

In this regard, some resources, such as Bee-Bot, a basic sequencing educational robot,
have been explored and shown to improve emotional reciprocity and understanding of
social relationships [5]. Similarly, Peribañez et al. [28] developed a therapeutic methodol-
ogy combining educational robotics, gamification, and storytelling with the Ozobot robot,
yielding improvements in sustained attention, frustration tolerance, and engagement in
complex tasks. Complementarily, Vegni et al. [29] demonstrated that LEGO®-based therapy,
in addition to improving communication and prosocial behavior, can have positive effects
on cognitive functions that are not directly targeted, such as working memory and pro-
cessing speed. Similarly, Kolne et al. [30] assessed the environmental qualities of a robotics
program conducted in a pediatric rehabilitation hospital. Positive rehabilitation outcomes
were observed, offering opportunities to engage in social interactions with peers and adults,
acquiring new skills, and developing a sense of personal identity. The doctoral disser-
tation by Pérez-Vázquez [5], supports the positive impact of robotics on socioemotional
skills, with statistically significant improvements in emotional reciprocity, communicative
behaviors (both verbal and non-verbal), and understanding of social relationships.

The strength of these studies is their capacity to demonstrate that essential socioemo-
tional and cognitive skills can be enhanced without relying on costly Artificial Intelligence
systems, which validate the argument for the scalability and sustainability of the interven-
tions. However, these works often present the limitation of lacking replicable protocols
that explicitly address complex objectives such as ToM, a gap that the present study seeks
to address. While studies have provided preliminary and promising evidence regarding
the use of low-cost Educational Robotics (ER) in students with Autism Spectrum Disor-
der, the current empirical base necessitates urgent consolidation through replication and
contextual expansion.

This necessity for robust consolidation is further intensified by the inherent limitations
acknowledged in the literature: while some studies report significant gains in basic social
behaviors such as greeting and leave-taking [31,32], others highlight constraints related to
the limited expressiveness of robots [33,34]. Crucially, the current literature emphasizes
that robotic interventions should not aim to replace human social interaction, but rather to
enhance it through structured, predictable, and emotionally safe environments that facilitate
gradual engagement and communication [35]. In this sense, robots act as mediators that
support children in practicing social and emotional behaviors within controlled scenarios
before transferring them to natural contexts. Moreover, Pennisi et al. [36] highlights the
importance of developing intervention designs that account for interindividual differences
and the personalization of learning experiences, given the heterogeneity of cognitive and
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emotional profiles within the autism spectrum. In this sense, the use of low-cost ER
resources, based on simple programming, responds to these requirements by offering the
predictability and control necessary to act as effective and customizable mediators [28–30].

The therapeutic efficacy of ER can also be explained from cognitive neuroscience
and computational perspectives, which posit that the brain processes social information
through systems capable of generating meta-representations of others’ mental and emo-
tional states [3,4]. Unlike traditional clinical interventions, in which the therapist directly
mediates social interaction, Educational Robotics (ER) serves as a structured mediator
that reduces the emotional charge and ambiguity inherent in human communication. In
this context, the robot doesn’t replace the professional but rather expands the learning
environment by offering a predictable, consistent, and emotionally neutral interface that
facilitates social skills training in children with Autism Spectrum Disorder [35]. In addition,
the use of robots allows for the recording of objective data on attention, emotional response,
and nonverbal communication, providing accurate metrics to personalize the intervention
and systematically evaluate its progress [36]. From this perspective, ER adds value by inte-
grating the principles of behavioral therapy and neuroeducation with technological tools
that enhance motivation and the generalization of social learning, offering a structured and
controllable practice environment that complements human mediation [32–36]. Likewise,
the research gap that underlies this study has been clarified, focusing on the lack of empiri-
cal evidence on which specific components of social cognition (e.g., emotional recognition
and theory of mind) are most sensitive to ER-based interventions in natural educational
contexts. These modifications reinforce the justification for the research presented.

In summary, further systematic research is required to examine how educational
robotics can contribute to the socioemotional development of children with Autism Spec-
trum Disorder, particularly in early educational stages, where empirical studies remain
limited. Addressing this issue is fundamental, as deficits in communication and social
abilities are among the most significant challenges in ASD, directly affecting the quality of
life and social integration of these children.

2. Materials and Methods
2.1. Design

This research was conducted using an exploratory, pre-experimental, individualized,
and observational design, with intensive longitudinal monitoring. The study focuses
on the progression of socio-emotional and cognitive skills in each participant, assessed
through standardized pre- and post-intervention measures (pre-test and post-test) as well
as continuous observational tracking during the intervention sessions. Given the small
sample size and the absence of a control group or withdrawal phases, the results are
interpreted as preliminary evidence of feasibility and individual progress, rather than as
generalized causal effects. This approach allows for a detailed analysis of each participant’s
response to the educational robotics intervention [37–39].

2.2. Participants

The study sample consisted of two boys, aged 6 and 7, both diagnosed with Autism
Spectrum Disorder (DSM-5) [1]. The results of their diagnostic test, performed by two
Psychologists with the General Health Professional specialization, indicated the presence of
an Autism Spectrum Disorder, Level 1, characterized by functional language, intelligence
within the average range, and a need for mild support in the social and communicative
domains. The clinical diagnosis of the participants was confirmed in accordance with the
criteria of the DSM-5-TR (APA, 2022).
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These two case studies of Children with Neurodevelopmental Difficulties were se-
lected through convenience sampling, based on the researchers’ judgment of accessibility,
the children’s behavioral characteristics relevant to the study, and the precedent set by
previous research. All participants, as well as their parents and/or legal guardians, were
informed and provided with consent to take part in the evaluation. The study compiled
with all ethical standards for research involving human subjects as outlined in the Decla-
ration of Helsinki and subsequent updates. Ethical approval was granted by the Ethics
Committee of the University of Extremadura on 15 December 2023.

2.3. Materials

The study employed ANDY® of Extrem-Bots®, a programmable robot that incorpo-
rates proximity sensors, traction motors for precise movement, visual feedback via LED
lights, and auditory feedback via preprogrammed sounds.

Its intuitive interface and visually accessible design allow for the establishment of
clear and predictable routines, which are essential in structured learning environments.
Through programmed responses and visual and auditory stimuli, ANDY® functions as a
mediator with the student, promoting active participation and meaningful learning.

The robot’s flexible programming enables the adaptation of intervention objectives
to each student’s individual profile, supporting personalized work and the gradual devel-
opment of cognitive, social, and emotional skills. To facilitate this, a visual methodology
was implemented, consisting of robotic panels placed on the classroom floor that combined
words and pictograms sourced from Aragonese Portal of Augmentative and Alternative
Communication (ARASAAC) [40] (Figures 2 and 3).

Figure 2. Example of pictograms used in the intervention.

Figure 3. Example of cards used with ANDY®.
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These panels were progressively adapted across sessions to match the participants’
varying levels of knowledge. Activities included matching pairs, selecting the correct
answer, completing blanks, and cognitive speed exercises (“racing tasks”), allowing for the
reinforcement of conceptual understanding and the practice of social and cognitive skills
within a structured and motivating context.

2.4. Procedure

The intervention was conducted through seven biweekly group sessions over a period
of four months, with each session lasting approximately 50 min. Each session was designed
with specific objectives aimed at developing social, communicative, and cognitive skills in
children with Autism Spectrum Disorder:

• Session 1: Initial assessment of participants’ social, communicative, and cognitive
skills, using standardized instruments and direct observation.

• Session 2: Training in basic operation and programming of the ANDY® robot, famil-
iarizing children with its controls, routines, and general functioning.

• Session 3: Instruction in courtesy norms and appropriate social behaviors across contexts.
• Session 4: Development of non-verbal communication, including eye contact, gestures,

and body orientation.
• Session 5: Practice in initiating and maintaining peer interactions, reinforcing conver-

sational turns and reciprocity.
• Session 6: Comprehension and use of literal and figurative language, promoting

accurate interpretation of messages in social contexts.
• Session 7: Final assessment, evaluating progress in social skills, emotion recognition,

and theory of mind.

Each session was attended by two clinical therapists and was structured in two distinct
phases. The first phase involved children sharing their weekly experiences, fostering verbal
expression, adaptation to the session context, and narrative skills. This phase aimed to
prepare participants cognitively and emotionally for interaction with the robot.

In the second phase, the ANDY® robot was activated, its controls were reviewed,
and the planned activities began. During the activities, children were required to identify
the correct solution and move the robot to retrieve the corresponding card. The children
interacted directly with ANDY® by programming its movements and activities using visual
panels. The robot responded immediately to their instructions, reinforcing correct actions
with auditory and visual signals, promoting active participation and motivation.

The activities were designed to promote both active participation and meaningful
learning, integrating cognitive and socio-emotional components. During the sessions, the
therapist supervised the activity, guided the understanding of instructions, reinforced
correct behaviors, corrected mistakes, and ensured the safety and fluidity of the session.
The progression of tasks, immediate feedback from the robot, and the predictable session
structure helped maintain motivation and facilitate the generalization of acquired skills
in a safe and controlled environment. This methodological design ensures that children
receive a personalized and adaptive intervention, allowing repeated practice of key social
and cognitive behaviors.

2.5. Instruments

Pre- and post-intervention assessment results were collected using standardized and
validated questionnaires, administered by a professional psychologist. The Developmental
Neuropsychological Assessment, Second Edition (NEPSY-II) Child Neuropsychological
Battery [41] was employed, including the Emotion Recognition and Theory of Mind subtests,
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which evaluate emotional reciprocity, joint attention, emotional intelligence, and mentalistic
concepts of empathy, among other skills.

The NEPSY-II Child Neuropsychological Battery provides standardized scaled scores
and percentiles to compare the child’s performance with the normative sample for their
age. As is standard practice in Psychology and Disability Research, the scaled scores are
interpreted using a normative mean of 10 and a standard deviation of 3. Scores between
8 and 12 are considered average. Values below 7 reflect below-expected performance, and
those 4 suggest clinically significant difficulties. Percentiles between 25 and 75 indicate
typical performance, while scores below 25 reflect low performance, and scores above
75 reflect elevated performance.

2.6. Data Analysis

During each session, the children’s progress in the targeted areas was recorded using
rubric. The rubric included dimensions such as courtesy norms (greetings, farewells, giving
and receiving compliments, asking permission, saying thank you, respecting turns), joint
attention, and initiating and maintaining conversations appropriately.

Observed action was scored using a four-level ordinal system:

• 3: Perform the action independently and spontaneously.
• 2: Performs the action with minimal assistance (e.g., gestures or guiding glance).
• 1: Perform the action with full assistance (e.g., verbal direction or physical guidance).
• 0: Do not perform the action.

Rubric data were collected session by session to track the individual progression of
each skill, evaluating both frequency and consistency of the observed behaviors. The data
was obtained by recording the sessions and subsequently evaluating them by a therapist,
in accordance with the ordinal system mentioned above.

Quantitative data was managed and visualized using Microsoft Excel 365© and JAMOVI©,
enabling a descriptive follow-up of participants’ evolution throughout the intervention.

3. Results
The following section presents the results for the different variables analyzed, reported

individually for each of the two study participants.

3.1. Participant 1

The assessment of Participant 1 (Table 1), conducted using the NEPSY-II Social Bat-
tery [41], analyzed performance on Emotion Recognition and Theory of Mind subtests,
both before and after a technology-based educational intervention (Educational Robotics).

Table 1. Participant 1 results on Emotion Recognition and Theory of Mind.

Test/Item Pre-Test Post-Test

Emotion Recognition Test
Scaled Score 5 2

Joy (P) 51–75 >75
Sadness (P) 26–50 11–25
Neutral (P) >75 11–25

Fear (P) 51–75 >75
Anger (P) 6–10 >75

Disgust (P) 11–25 >75

Theory of Mind Test
Score 15 15

Verbal ToM (P) 26–50 26–50
Note: P = percentile according to the NEPSY-II normative scale.
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In the Emotion Recognition test, the total scaled score decreased from 5 (pre-test)
to 2 (post-test), suggesting a reduction in overall performance according to normative
standards. However, relevant changes were observed in the recognition of specific emotions.
At baseline, the participant demonstrated adequate recognition of emotions such as joy
(P 51–75), fear (P 51–75), and particularly neutral expressions (>75), while showing low
performance in emotions such as anger (P 6–10) and disgust (P 11–25). In the post-test,
improvements were observed in the recognition of more complex and negatively valanced
emotions, such as anger and disgust, both reaching the 75th percentile. High performance
was maintained in fear recognition (>75), and recognition of joy also improved to a superior
level (>75). Nevertheless, there was a decrease in the identification of neutral expressions,
which dropped from >75 to 11–25, and a reduction in sadness recognition, falling from the
26–50 percentile range to 11–25.

In the Theory of Mind test, no changes were observed. The Participant 1 maintained a
raw score of 15 in both assessments, corresponding to the 26–50th percentile for items of a
verbal nature.

Participant 1 demonstrated generalized improvement across nearly all observed di-
mensions (Table 2), with particularly marked progress in conversational skills and peer
interaction. The overall average for Courtesy Norms increased from 1.3 in Session 3 to 2.6
in Session 6, although notable differences were observed between items. For instance, while
“asks permission” and “responds to requests” were consistently performed spontaneously
in almost all sessions, “greets” showed a fluctuating pattern: after achieving high scores in
Session 5, it declined again in Session 6. The item “asks for help” was assessed only once,
with no evidence of progress observed.

Table 2. Participant 1 results on social and communication skills.

Dimension/Item Session 3 Session 4 Session 5 Session 6

Courtesy Norms
Greets 0, 1 0 2, 3 0, 1

Says goodbye 0, 1 0 3 2, 3
Asks for help 0 – – –

Asks permission 3 – 3 3
Responds to requests 3, 3, 3 0, 3, 3, 3 – 3, 3
Dimension average 1, 3 0, 6 2, 6 2, 6

Non-Verbal Communication
Orients body 3, 2, 3, 2, 3, 3, 3 3, 3, 3, 3, 3 3, 3, 3, 3, 3, 3, 3, 3 0, 1, 1, 2, 3, 3, 3, 3, 3

Looks directly 3, 3, 3, 3 3, 3, 3, 3, 3, 3, 3 2, 2, 3, 3, 3, 3, 3, 3, 3 0, 0, 0, 1, 3, 3, 3, 3, 3, 3, 3, 3
Dimension average 2, 6 3, 0 3, 0 2, 9

Conversational Skills
Initiates conversation

spontaneously 3, 3 3, 3 3, 3 3

Closes conversation 2 2 3, 3 3, 3, 3, 3
Asks about topics of interest 2, 1 3 3, 3, 3 3

Dimension average 2, 3 2, 5 3, 0 3, 0

Emotional Expression
Emotional contagion 3, 3 3, 3 3, 3, 3 –
Dimension average 2, 5 3, 0 3, 0 –

Social Interaction
Interaction with peers 0, 1, 1, 2 3, 0, 3, 3, 3, 3, 3 3, 3, 3, 3, 3 3, 3, 3, 3

Dimension average 1, 0 2, 6 3, 0 3, 0

In the Non-verbal Communication dimension, the participant scored highly from
the outset on “orients body” and “looks directly.” However, Session 6 reflected a slight
regression in eye contact, with several instances requiring assistance or absence. Despite this
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temporary decline, both skills maintained averages near the maximum competency level,
suggesting acquired abilities that remain sensitive to contextual or emotional conditions.

Conversational Skills represented one of the areas of greatest growth. “Initiates
conversation spontaneously,” “closes conversation,” and “asks about topics of interest”
demonstrated clear progression, reaching fully autonomous performance (scores of 3) by
Session 5. The average for this dimension increased from 2.3 to 3.0, reflecting consistent
and sustained improvement across all items.

Regarding the Emotional Expression dimension, the item “emotional contagion” was
scored consistently at 3 during the first three sessions, although it was not recorded in the
final session. This pattern suggests an observable and potentially consolidated emotional
response, although its maintenance cannot be fully confirmed due to the lack of data in the
last session.

Social Interaction with peers, considered one of the most challenging skills for children
with Autism Spectrum Disorder, showed particularly significant progress. The participant
progressed from assisted or absent responses to spontaneous and sustained execution in
the last two sessions, reaching an average of 3.0. This change suggests not only acquisition
but also a certain stabilization of behavior in structured contexts.

3.2. Participant 2

For Participant 2, in the Emotion Recognition test (Table 3), the total scaled score
remained unchanged between the pre-test and post-test, maintaining a value of 1, which
falls within the lower performance range (≤2nd percentile).

Table 3. Participant 2 results on Emotion Recognition and Theory of Mind.

Test/Item Pre-Test Post-Test

Emotion Recognition Test
Scaled Score 1 1

Joy (P) 2–5 6–10
Sadness (P) 6–10 6–10
Neutral (P) >75 >75

Fear (P) 26–50 >75
Anger (P) 51–75 26–50

Disgust (P) 11–25 26–50

Theory of Mind Test
Score 6 12

Verbal ToM (P) >2 11–25
Note: P = percentile according to the NEPSY-II normative scale.

However, a more detailed analysis by type of emotion revealed some relevant changes.
For joy, the participant showed a slight improvement, moving from a very low percentile
range (2–5) to a still low, but slightly higher range (6–10). Sadness remained largely un-
changed, staying within the 6–10th percentile in both assessments. A notable improvement
was observed for fear, with recognition increasing from the 26–50th percentile at baseline to
above the 75th percentile at post-test. In contrast, accuracy in identifying anger declined, de-
creasing from the 51–75th percentile to the 26–50th percentile after the intervention. Finally,
disgust recognition improved from the 11–25th percentile to a moderate range (26–50).

Regarding the Theory of Mind test, Participant 2 demonstrated significant improve-
ment. The total score increased from 6 points at baseline to 12 points at post-test. In the
Verbal Theory of Mind subtest, the participant progressed from below the 2nd percentile at
baseline to the 11–25th percentile at the end of the intervention.
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Participant 2 exhibited more pronounced progression during the initial sessions
(Table 4), particularly between Sessions 3 and 5, with a slight regression in Session 6
across some dimensions. Courtesy Norms showed overall improvement (from 1.0 to 2.8),
although not all skills evolved linearly. For instance, “asks for help” quickly reached the
maximum performance level (3) and remained there, whereas “greets” displayed instability:
after achieving high scores in Sessions 4 and 5, it declined again in Session 6, mirroring
a fluctuating pattern like that observed in Participant 1. “Responds to requests” also
exhibited this type of fluctuation.

Table 4. Participant 2 results on social and communication skills.

Dimension/Item Session 3 Session 4 Session 5 Session 6

Courtesy Norms
Greets 0, 0 3, 3 3, 3 0, 1, 2

Says goodbye 1, 1 0, 1, 3 3, 3 3, 3
Asks for help 2, 2, 3 3 3 3

Asks permission 3 – 2 –
Responds to requests 1, 0, 1 3, 3, 2, 3, 2 3, 3, 3 0, 1, 2
Dimension average 1, 0 2, 3 2, 8 2, 2

Non-Verbal Communication
Orients body 0 0, 1, 0, 1, 3, 3 2, 2, 3, 3, 3, 3 3, 3, 3, 2, 3

Looks directly 0 0, 2, 0, 1, 2 2, 2, 3, 3, 3 0, 0, 2, 2, 3, 3
Dimension average 0, 0 1, 6 2, 7 2, 6

Conversational Skills
Initiates conversation

spontaneously 0 3, 3 3 3

Closes conversation 0 1, 2, 3 3, 3 3, 3, 3
Asks about topics of interest 3, 3, 3 3, 3, 3 3, 3, 3, 3, 3 3, 3

Dimension average 0, 75 2, 4 3, 0 3, 0

Emotional Expression
Emotional contagion 0 2, 1, 3, 3, 3 3, 3, 3 –
Dimension average 0, 0 2, 6 3, 0 –

Social Interaction
Interaction with peers 3, 1, 1, 1 2, 1, 2, 3, 0, 1 3, 3, 3, 3, 3 0, 0, 1, 2

Dimension average 1, 5 1, 7 3, 0 0, 75

Regarding Non-verbal Communication, a dramatic change was observed. In Session 3,
both skills (“orients body” and “looks directly”) scored zero. From Session 4 onward,
gradual improvement was noted, reaching medium-high levels and approaching maximum
scores in Sessions 5 and 6. This progression indicates effective acquisition of behaviors
initially absent, albeit with some variability in eye contact.

Conversational Skills demonstrated robust development. From very low scores in
Session 3 (average of 0.75), the participant progressed to fully spontaneous performance
across all evaluated items, maintaining this level in the final two sessions. In particular, the
skill of “asks about topics of interest” was consistently performed from Session 4 onward,
with multiple opportunities showing autonomous responses.

Concerning the Emotional Expression dimension, the item “emotional contagion”
showed marked improvement. From non-existent performance in Session 3, maximum
scores were achieved in the intermediate sessions. However, the lack of assessment in the
final session limits longitudinal interpretation of this dimension and raises questions about
the consolidation of the skill.

Finally, interaction with peers exhibited an oscillating pattern. Despite significant
improvement in Session 5, a considerable decline in both frequency and quality of behavior
was observed in Session 6, with predominance of assisted or absent scores. This drop
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suggests fragility in the stability of social reciprocity, possibly influenced by the emotional
demands of the environment or participant fatigue.

4. Discussion
4.1. Participant 1

The analysis of Participant 1’s results reveals a complex pattern of development in
socioemotional and cognitive competencies following an Educational Robotics (ER) inter-
vention. Overall, the intervention promoted substantial improvements in conversational
skills and social interaction, while outcomes in emotion recognition and Theory of Mind
(ToM) were more heterogeneous.

In the Emotion Recognition test, notable improvements were observed specifically in
the recognition of anger, disgust, fear, and joy, all reaching or exceeding the 75th percentile
at post-test. These findings are consistent with previous studies [42] showing enhanced
capacity in children with Autism Spectrum Disorder to identify basic emotions such as
sadness and happiness following ER-based interventions, particularly interventions using
floor robots in unplugged formats [32]. According to Pérez-Vázquez et al. [32], these results
may be attributed to the design of activities tailored to the characteristics and needs of
students with Autism Spectrum Disorder, using visual supports and simple, engaging
tasks [43]. Visual supports facilitate information processing in students with Autism
Spectrum Disorder, who tend to think in images. This improvement aligns with studies by
Cabibihan et al. [44] and Costescu et al. [20], which suggest that robotized environments,
by providing less ambiguous and more structured stimuli, enhance processing of intense
and prototypical emotions.

However, the observed decline in recognition of neutral and sad expressions (falling
to the 11–25th percentile) may indicate attentional bias or difficulty interpreting subtler
emotions with lower expressive intensity. This limitation has also been reported in previous
studies as a common challenge for children with Autism Spectrum Disorder, even after
successful interventions [36,45].

In the Theory of Mind test, no changes were detected in total or verbal subscale scores.
This stagnation may be due to the more abstract, metarepresentational nature of ToM,
which requires prolonged or more explicit interventions focused on mentalistic reasoning,
false-belief inference, or understanding mental states [18,46]. Although ER is effective in
structuring social interactions, it does not appear to include stimuli explicitly designed to
address complex mentalistic processes, such as false-belief reasoning or understanding
double intentions, aspects deemed essential for improvement in this domain [36,46].

Regarding social skills observed during sessions, Participant 1 showed clear progress.
The dimensions of peer interaction and conversational skills (initiating conversation, clos-
ing, and asking questions) reached maximum average scores in the final sessions. These
results are consistent with recent studies highlighting the capacity of robots to act as media-
tors of social interaction by providing structured, motivating, and less sensory-demanding
contexts [20,28]. Specifically, these findings align with Pérez-Vázquez et al. [32], whose
intervention using robots with characteristics like this study improved social skills in stu-
dents with Autism Spectrum Disorder, such as greeting and saying goodbye. Non-verbal
communication also showed positive trends, although with minor regressions, possibly
attributable to emotional state or fatigue. These fluctuations support the need for contin-
uous, adaptive interventions, as Espinosa-Garmendi et al. [20] emphasize, highlighting
that learning stability in children with Autism Spectrum Disorder is highly dependent on
contextual consistency and explicit reinforcement.

Overall, ER functioned as an effective facilitator for practical dimensions of social be-
havior, particularly those related to pragmatic language and direct interaction. However, its
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impact on higher-order skills, such as emotional inference or Theory of Mind, requires more
specific methodological adjustments and possibly integration with pedagogical strategies
centered on social reasoning.

4.2. Participant 2

For Participant 2, the ER-based intervention also showed positive effects, although
with a different pattern of development. The most prominent improvement was in Theory
of Mind, with a substantial increase in total score. This progress is especially notable, as
verbal ToM is typically resistant to change in children with Autism Spectrum Disorder
without specific support [9,46].

This improvement may be linked to the sequential logic and predictability provided by
ER, characteristics that, according to Weintrop et al. [18] help structure the cause-and-effect
reasoning necessary for mentalistic inference. Unlike Participant 1, this child appears to
have used robotic scaffolding to better organize understanding of others’ intentions and
mental states, even in the absence of activities specifically targeting explicit mentalism.
Recent studies have emphasized the value of robots in developing intention-reading and
action anticipation skills, even when mentalistic abilities are not directly addressed [47,48].

In the Emotion Recognition test, the overall scaled score remained in the lower range.
Nevertheless, improvements were observed in specific emotions, such as joy, fear, and
disgust. Although partial, these changes indicate better discrimination of positive and
negatively valanced emotions, an achievement noted in studies using robots to repeatedly
model basic emotions with explicit feedback [28,49]. Similarly to Participant 1, these results
align with prior research showing increased emotion recognition capacity in children with
Autism Spectrum Disorder after ER interventions, particularly those using unplugged
floor robots [32].

Social skills also showed solid advancement up to Session 5, particularly in con-
versational skills, courtesy norms, and non-verbal communication. Unlike Participant
1, this child started with virtually absent eye contact and body orientation, which grad-
ually improved to medium-high levels. This can be explained by habituation effects to
robot-mediated social stimuli, which act as a bridge to human interaction [44,50]. ER facili-
tates this transition by providing predictable sequences, visual interfaces, and consistent
reinforcement key elements for children with social sensitivity or behavioral inhibition.
However, a regression was observed in Session 6, especially in peer interaction, where
scores declined. This drop could be associated with fatigue, emotional demands of the
environment, or lack of novelty in the activities. As noted by Peribañez et al. [28] intrinsic
motivation toward ER in children with Autism Spectrum Disorder must be sustained
through progressive variability and complexity to avoid habituation or disengagement.
Additionally, reinforcement of skills in natural contexts through human support (therapists,
educators) may be necessary.

Overall, Participant 2’s results suggest a particularly positive impact on cognitive
dimensions of social cognition, as well as basic interaction skills. Although behavioral
effects showed some instability, the initial improvements indicate that robotic intervention
can serve as an effective environment for activating socioemotional development processes
in children with Autism Spectrum Disorder who start from a low baseline. Incorporating
adaptive, personalized elements in programming and establishing explicit bridges to
non-mediated interpersonal environments will be key for sustaining and generalizing
these gains.

Taken together, the findings from both participants underscore the potential of Ed-
ucational Robotics (ER) as a valuable tool for fostering socioemotional development in
children with Autism Spectrum Disorder, particularly in enhancing pragmatic language
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and direct social interaction. While the nature and extent of progress varied according to
each child’s initial profile, notable gains were observed in conversational abilities, basic
emotion recognition, and—especially for Participant 2—in Theory of Mind. These out-
comes align with broader research emphasizing ER’s capacity to structure predictable,
motivating environments conducive to social learning [51]. However, the limitations
identified—such as difficulties in interpreting subtle emotional cues and the instability
of behavioral gains—highlight the need for ER to be integrated with more explicit, per-
sonalized pedagogical strategies and contextual supports. In this regard, the role of adult
mediation, particularly parental involvement, emerges as a critical factor in sustaining and
generalizing therapeutic effects, as demonstrated by Amirova et al. [52], who found that
family engagement significantly enhanced the outcomes of robot-assisted interventions.
These insights reinforce the notion that ER should not be viewed as a standalone solution,
but rather as a structured, engaging, and adaptable medium that, when combined with hu-
man support and targeted methodologies, can effectively catalyze socioemotional growth
in children with Autism Spectrum Disorder.

Finally, this applied research, focused on interventions for autism spectrum disorder
(ASD) as a syndrome, demonstrates its versatility. It also shows that it can be applied to
other interventions to help children with specific difficulties, some of which may be related
to autism, but others not necessarily. This individualized intervention trial can be adapted
not only to autism spectrum disorder but also to other neurodevelopmental difficulties.

5. Conclusions
The Educational Robotics (ER) intervention applied in this study proved to be an

effective tool for promoting the development of observable social skills, such as courtesy
norms, non-verbal communication, and conversational interaction, in children with Level 1
Autism Spectrum Disorder. Improvements were evident in both participants, although
differences in specific areas of progress, confirming the intrinsic heterogeneity of this
profile and highlighting the need to consider individual characteristics when designing
and implementing interventions.

ER was shown to function as a motivating facilitator that promotes active participation
and enhances basic social behaviors. However, gains in more complex inferential skills,
such as recognition of subtle emotions and Theory of Mind, were variable and dependent
on each child’s initial profile. This indicates that these competencies require more specific,
prolonged, and complementary interventions for effective development.

Moreover, the slight decline in motivation observed during the final sessions suggests
that sustaining interest in ER requires the incorporation of adaptive and dynamic elements
into the intervention, which help maintain engagement and learning over time.

Overall, these findings support the inclusion of ER as a useful and motivating resource
within psychoeducational programs for children with Autism Spectrum Disorder. They
also underscore the importance of continuing research on its implementation from a multi-
dimensional and longitudinal perspective. Future studies should consider larger samples,
medium- and long-term follow-ups, and the integration of ER with complementary peda-
gogical and therapeutic methodologies, to enhance the generalization of learning to natural
and functional contexts.

6. Study Limitations and Future Research Directions
Despite the promising results, this study has several limitations that must be con-

sidered. First, the sample size is extremely small (two participants), which limits the
generalizability of the findings to other children with Autism Spectrum Disorder of similar
characteristics. Second, the intervention was relatively short and applied on a biweekly
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basis, which may have affected the stability and consolidation of certain skills, particularly
inferential abilities and Theory of Mind.

Future studies should consider larger and more heterogeneous samples of children
with Autism Spectrum Disorder, allowing for a more representative analysis of diversity
within the spectrum. Extending the duration of the intervention and increasing session
frequency, as well as incorporating additional objective measures such as coded video
recordings or complementary standardized assessments, would also be valuable. Another
important line of research would be studying the integration of educational robotics with
complementary pedagogical and therapeutic methodologies, evaluating the transfer of
skills to school and home environments. Lastly, longitudinal studies could provide insights
into the stability and generalization of the effects of educational robotics on socioemotional
and cognitive competencies over time.

Methodologically, efficacy was tested by evaluating the participants individually,
without incorporating a control or comparison group. While this approach is adequate
for validating the initial effects of an intervention using accessible resources, it imposes a
limitation on the capacity to establish a robust causal inference and to attribute the results
solely to robotic intervention. Therefore, future lines of research must migrate toward
experimental designs with control groups or systematic single-case replications. This is
essential to consolidate the empirical base on the efficacy of low-cost ER and to strengthen
the internal validity of the findings.
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