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Abstract
Children with Autism Spectrum Disorder (ASD) frequently encounter substantial challenges in identifying
and managing emotions, impacting their social interactions and adaptive behaviors. Conventional
methods, such as flashcards or static graphics, sometimes lack engagement and do not address the
varied sensory and emotional requirements of autistic children. This study offers a Systematic Literature
Review (SLR) of research published from 2020 to 2025, concentrating on the application of artificial
intelligence (AI)-driven technologies and social robots to improve emotional recognition in children with
Autism Spectrum Disorder (ASD). Forty-two peer-reviewed publications were picked from prominent
databases, including Scopus, ScienceDirect, and SpringerLink, utilizing keywords such as "autism,"
"emotion recognition," "social robot," and "AI-based intervention." The results indicate that technological
advancements particularly those employing facial recognition, voice analysis, and multimodal feedback
substantially enhance emotional learning outcomes. Interactive robots have emerged as a promising
instrument for delivering engaging, individualized, and adaptive emotional education. This review
endorses the advancement of MOODI (Emotion Robot for Disability), an innovative AI-driven social robot
aimed at addressing the specific requirements of autistic children via interactive emotional education.
The research further advances the global Sustainable Development Goals (SDG 3: Good Health and Well-
being, SDG 4: Quality Education, and SDG 10: Reduced Inequalities) by emphasizing the significance of
inclusive, technology-based interventions in fostering emotional and social development in
neurodivergent learners.

Introduction
Autism Spectrum Disorder (ASD) is a chronic neurodevelopmental illness marked by difficulties in social
communication, behavioral adaptability, and emotional regulation [1]. A critical aspect of this illness is
the challenge in identifying, understanding, and responding to emotional cues, which profoundly impacts
the child's capacity to engage in daily social interactions and structured educational settings [2]. The
deficiency in emotion awareness diminishes the capacity to form connections with peers and cultivate
empathy, while simultaneously heightening susceptibility to emotional dysregulation, social anxiety, and
isolation [3]. This matter grows progressively critical inside the realm of education, where learning is
intricately linked to emotional relationships, cooperative endeavors, and adaptive engagements [4]. In
inclusive classrooms, the difficulty of children with ASD in interpreting facial expressions, vocal tone, or
social cues may result in isolation, frustration, and diminished academic performance [5]. Educators
frequently have difficulties in delivering enough emotional support owing to the elevated student-teacher
ratio and insufficient specialized resources [6]. The pursuit of creative and quantifiable ways to enhance
the emotional learning of autistic children is intensifying [7].

In light of these issues, artificial intelligence (AI) and robotics have surfaced as revolutionary
instruments in education and therapeutic approaches [8]. Socially Assistive Robots (SARs) have shown
efficacy in aiding children with Autism Spectrum Disorder (ASD) by providing reliable, predictable, and
emotionally expressive interactions [9]. In contrast to peers or educators, robots provide a regulated
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social setting that diminishes sensory overload and anxiety, while promoting incremental exposure to
emotional stimuli [10]. Recent technology advancements have equipped robots with the ability to read
facial expressions, interpret vocal intonations, and modify behaviors in real-time, hence enabling them to
assist in both emotion recognition and regulation [11]. Prominent platforms like as NAO, KASPAR, and
QTrobot have been utilized in clinical and educational interventions to instruct fundamental emotions
including happiness, anger, sadness, and surprise [12]. These robots employ cameras, microphones, and
sophisticated machine learning algorithms to assess children's answers and tailor feedback accordingly
[13]. Despite the increasing interest in this subject, the use of social robots in educational and
therapeutic settings remains inconsistent [14]. Despite several research indicating enhanced emotion
identification and social engagement following robot based interventions, this domain is devoid of a
thorough synthesis of findings that encapsulate the most recent developments in artificial intelligence,
user interface design, and educational policies [15]. Cultural, contextual, and language issues are
frequently inadequately addressed, constraining their applicability in non-Western educational
institutions [16].

The predominant use of robot-based interventions is confined to research facilities or brief trials, with
insufficient investigation into long-term effects, sustainability, and scalability in actual classrooms [17].
Cost, teacher training, technical upkeep, and student accessibility present substantial obstacles to
widespread deployment [18]. An extra degree of complexity emerges from ethical concerns regarding
the application of AI on susceptible groups [19]. Concerns include data privacy, algorithmic bias, and the
risk of dehumanizing care necessitate resolution through inclusive design, stakeholder involvement, and
a transparent regulatory framework [20]. Despite the considerable promise of social robots, the
discipline must transcend mere technological novelty and focus on human-centered, ethical, and policy-
oriented solutions [21].

Moreover, integrating this technology advancement with global development objectives establishes a
strategic framework for validation and dissemination [22]. The United Nations Sustainable Development
Goals (SDGs), specifically SDG 3 (Good Health and Well-being), SDG 4 (Quality Education), and SDG 10
(Reduced Inequality), underscore the necessity of inclusive, equitable, and contextually relevant
educational initiatives that enhance the well-being of all learners [23]. Within this approach, AI-driven
social robots are perceived not merely as instruments for individual therapy but also as catalysts for
systemic transformation in the delivery of emotional learning to neurodivergent populations [24].

Despite the multitude of individual studies, there are only a limited number of reviews that rigorously
assess the aggregate evidence about the role of AI-based robotic therapies in fostering the emotional
development of children with autism [25]. Even fewer assess these initiatives in relation to the SDGs,
especially regarding their impact on mental health, inclusive education, and social equity [26]. This
systematic literature review (SLR) seeks to address the subsequent research questions:
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1. What varieties of AI-driven social robots have been employed to enhance emotion recognition in
autistic children from 2020 to 2025?

2. What emotional, behavioral, or educational results have been documented from the intervention?
3. What methods and implementation obstacles are outlined regarding the use of robots in diverse

educational or therapeutic settings?
4. In what manner do the interventions examined in this literature correspond with and enhance the

attainment of Sustainable Development Goals 3, 4, and 10?

This study seeks to integrate recent empirical findings, address interdisciplinary gaps, inform
forthcoming research, and influence policy-making concerning the incorporation of AI driven social
robotics in autism education. This review advocates for the implementation of culturally responsive,
ethically sound, and developmentally suitable emotional learning technologies to enhance their
accessibility and effectiveness across diverse populations.

Method
This study used a systematic literature review (SLR) methodology adhering to the 2020 standards of the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) [27].  This method
identifies, evaluates, and critically synthesizes pertinent empirical studies on artificial intelligence (AI)-
based social robot therapy aimed at enhancing emotion recognition in children with autism.   The
literature search was performed systematically across three primary scientific databases: Scopus,
ScienceDirect, and SpringerLink.  The Boolean combination employs the following keywords: "autism" OR
"ASD" AND "emotion recognition" AND "social robot" OR "robot-assisted therapy" AND "AI-based
intervention".  The publication period is restricted from January 2020 to May 2025 to include the most
recent technology advancements and pertinent actions in the post-COVID-19 pandemic context.

This review encompasses studies that meet specific inclusion criteria: they are empirical (quantitative,
qualitative, or mixed-methods), concentrate on children with ASD aged 3 to 18 years, employ AI-based
social robots for emotion recognition or training, are published in reputable, peer-reviewed journals, and
are written in English. The exclusion criteria encompass literature review papers, editorials, or opinion
pieces; studies that do not assess robotic therapies; and research with adult or non-ASD patients. From
the initial search of 312 publications, a screening for duplication and abstract relevance was performed,
yielding 42 papers that satisfied all inclusion requirements for further research. The selection procedure
adheres to the PRISMA flow, with the flowchart presented in the appendix section. Data extraction was
conducted utilizing a systematic coding framework that encompasses details regarding the researchers
and publication year, the type of robot and AI functionalities employed, the objectives and duration of the
intervention, the sample size and participant demographics, the targeted emotional variables, and the
methods of outcome measurement.

All chosen publications were subsequently assessed for their methodological soundness utilizing the
Mixed Methods Appraisal Tool (MMAT). This tool facilitates a comparable evaluation of several
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methodological techniques, including quantitative, qualitative, or combined methods.  Approximately
85% of the articles were classified as high quality, while the remaining 15% were deemed medium grade.
 A thematic synthesis approach was employed for data analysis to discern patterns, primary topics, and
research deficiencies.  The results are categorized according to the type of robot, intervention attributes,
emotional outcomes, and implementation setting. The correlation of each intervention with the
Sustainable Development Goals (SDG 3, 4, and 10) was extensively examined.  This approach is
rigorously enforced to guarantee the transparency, replicability, and accountability of the results, while
also ensuring adherence to international academic norms. 

Planning

The preparation phase of this systematic review aimed to guarantee transparency, consistency, and
worldwide significance, particularly given the multidisciplinary aspects of emotional recognition in
children with autism and the use of artificial intelligence.   The procedure commenced with the
development of mapping questions (MQs) and research questions (RQs), explicitly detailed in Table 1.

Tabel 1: Systematic review: Planning Phase
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Goal To evaluate how AI-based social robots have been used to improve emotional
recognition in children with autism, and how such interventions align with SDG 3, 4,
and 10.

PICOC Population (P): Children with Autism Spectrum Disorder (ASD)

Intervention (I): AI-based social robot interventions for emotional recognition

Comparison (C): Not applicable

Outcomes (O): Emotional recognition, engagement, and behavioral responses

Mapping
Questions

MQ1. What trends are observed in the use of AI-based social robots for emotional
recognition in children with autism between 2020–2025?

MQ2. What types of robots and emotional competencies are commonly targeted in
these studies?

MQ3. In which countries or regions have these interventions been most actively
implemented?

MQ4. Which age groups and ASD profiles are most frequently involved in the
interventions?

 

 

Research
Questions

RQ1. What types of AI-based social robots have been used to improve emotion
recognition in autistic children between 2020 and 2025?

RQ2. What emotional, behavioral, or educational outcomes have been reported
from these interventions?

RQ3. What strategies and implementation challenges are described in the
application of robots in various educational or therapeutic settings?

RQ4. How do the reviewed interventions align with and contribute to the
achievement of SDG 3, 4, and 10?

Sources &
String search

Scopus, ScienceDirect, SpringerLink

Search string used:

("autism" OR "ASD") AND ("emotion recognition") AND ("social robot" OR "robot-
assisted therapy") AND ("AI-based" OR "artificial intelligence") AND PUBYEAR >
2019 AND PUBYEAR < 2026 AND (LIMIT-TO (LANGUAGE, "English"))

Inclusion
Criteria

 

IC1. Empirical research focused on AI-based robot interventions for emotional
recognition in children with ASD

IC2. Published between January 2020 and May 2025

IC3. Participants aged 3–18 years

IC4. Peer-reviewed journal articles in English

Exclusion
Criteria

EC1. Non-empirical articles (reviews, editorials, opinion pieces)

EC2. Studies not involving ASD participants or not involving emotional recognition

EC3. Articles published before 2020 or after May 2025
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Appraisal Tool Mixed Methods Appraisal Tool (MMAT)

Analysis
Strategy

Thematic synthesis focused on robot type, emotional competencies, context of
use, methodological quality, and alignment with SDGs 3, 4, and 10.

This planning framework was created to guarantee methodological transparency and consistency in
executing the systematic review. The design adheres to PRISMA 2020 principles and integrates PICOC
features to delineate the scope, search technique, and eligibility criteria of the review.

The PICOC framework, encompassing Population, Intervention, Comparison, Outcome, and Context, was
employed to precisely define the study parameters and enhance reproducibility.  The study concentrated
on children with ASD, employing AI-based social robots as the intervention. The outcomes measured
included emotional recognition, engagement, and regulation.  The context encompassed a range of
educational and therapeutic environments. In light of the global context of this review, the research team
focused on peer-reviewed articles published in English from 2020 to 2025.   While research in other
languages could provide further understanding, constraints in translation resources required this
limitation. The five research questions (RQ1–RQ5) were formulated to tackle practical and policy-
relevant issues, encompassing the types of robots utilized, the outcomes measured, the challenges
faced in implementation, and their alignment with Sustainable Development Goals.  The questions are
fundamentally connected to the issues presented in the background section, especially regarding the
convergence of technological design, emotional learning, and inclusive education.

The planning stage established a replicable foundation for this systematic review by defining clear
inclusion and exclusion criteria, employing validated tools like the MMAT for quality appraisal, and
executing structured database searches utilizing Boolean logic.  This step was essential for maintaining
methodological rigor and ensuring alignment with global priorities, including SDG 3 (Good Health and
Well-being), SDG 4 (Quality Education), and SDG 10 (Reduced Inequality). The outcomes of this planning
phase are implemented in the following sections via Table 2 and Table 3.  Table 2 details the primary
characteristics of the studies examined, whereas Table 3 illustrates the correspondence of interventions
with the Sustainable Development Goals (SDGs).

Result and Discussion
To oversee the final cluster of articles, results were methodically compiled into a spreadsheet for
monitoring, coding, and analysis.  The review approach adhered to the PRISMA 2020 framework and
included multiple screening steps to guarantee transparency and methodological precision.  A total of
312 studies were obtained from Scopus, ScienceDirect, and SpringerLink during the identifying process.
 Following the elimination of 32 duplicates, 280 articles persisted. The remaining records were evaluated
by title and abstract according to their relevance to the study topics, PICOC framework, and established
inclusion/exclusion criteria.   At this juncture, 200 items were excluded for irrelevance or failure to fit the
requirements.  Eligibility was assessed for the remaining 80 full-text articles.  Subsequent assessment
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resulted in the exclusion of 38 due to insufficient empirical evidence, irrelevant outcomes, or inadequate
methodological consistency.   The conclusive synthesis comprised 42 peer-reviewed studies.

The PRISMA 2020 flow diagram (Figure 1) encapsulates the processes of identification, screening,
eligibility assessment, and inclusion that were employed to establish the final study cohort.

To guarantee quality and dependability, each article was evaluated using the Mixed Methods Appraisal
Tool (MMAT), facilitating comparison across qualitative, quantitative, and mixed-methods designs. All
chosen studies exhibited moderate to high methodological rigor. Articles were systematically
categorized according to robot type, emotional abilities targeted, context (educational or therapeutic),
and compatibility with Sustainable Development Goals (SDGs). The review assessed sample variety,
research duration, measurement tools, and observed results.  The findings were categorized into topic
clusters to address the established research questions.The predominant investigations concentrated on
face emotion recognition, employing robots like NAO, QTrobot, and KASPAR, with outcomes indicating
enhanced emotional vocabulary, improved social interaction, and increased behavioral self-regulation.

Table 2. Characteristics of Included Studies
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No. Author(s) &
Year

Country Robot
Used

Participant
Age

Emotion
Targeted

Outcomes
Summary

1.  Y. Bikowski ,
(2025) [28]

USA QTrobot 6–10 yrs Facial
emotion
recognition

Significant gains
in facial
expression
decoding
accuracy

2. A. Amirova
et al (2021)
[29]

France NAO 5–9 yrs Social cue
interpretation

Improved turn-
taking and joint
attention in
social contexts

3. L. Della
Longa et al.
(2022) [30]

Italy KASPAR 7–11 yrs Emotion
recognition &
labeling

Increased
engagement,
verbal output,
and recognition
of basic
emotions

4 Cabibihan et
al. (2020)
[31]

Singapore Custom
Bot

4–8 yrs Voice tone
and response

Better mimicry
and affective
response to 

audio-visual
stimuli

5 Ahmed S, et
al. (2023)
[32]

Malaysia NAO 6–12 yrs Multimodal
emotional
stimuli

Enhanced
emotional
vocabulary and
self-expression
skills

6 Gan, Su-
Wan, et
al. (2022)
[33]

China AlphaMini 5–10 yrs Recognition of
happy/sad

Increased
accuracy in
identifying basic
emotional states

7 H.
Computing
and R.
Vrecar ,
2022 [34]

Brazil KASPAR 8–12 yrs Emotional
mimicry

Enhanced
empathy and
affective
response

8 Vrecer, et.al
(2022) [35]

Germany QTrobot 6–9 yrs Mixed facial
expressions

Better
generalization of
emotion
recognition to
new situations

9 G. Aguirre
(2023) [36]

Lebanon Custom
AI Bot

4–7 yrs Regulation
and self-
calming

Reduced
emotional
outbursts during
sessions
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10 S. Russo et
al  (2023)
[37]

Japan NAO 7–13 yrs Emotion
recognition
via gesture

Improved
gesture-emotion
association and
classroom
behavior

The systematic literature review identified three predominant clusters of findings: (1) enhancements in
emotion recognition performance through facial and tonal detection tools integrated into robots; (2)
heightened user engagement and prolonged attention in children with autism spectrum disorder; and (3)
implementation of adaptive feedback mechanisms, including gamification and gesture mirroring.   These
findings validate the efficacy of AI-driven social robots in emotion-centric interventions within clinical
and educational settings.

Table 3. Mapping of Reviewed Studies to Sustainable Development Goals (SDGs) 

SDG Goal Description % of Aligned
Studies

Notable Contributions

SDG
3

Good Health and
Well-being

85% Improved emotional regulation, reduced anxiety,
better psychological well-being

SDG
4

Quality Education 71% Inclusive robot-assisted instruction, personalized
emotional learning tools

SDG
10

Reduced Inequality 66% Greater accessibility for neurodiverse learners,
culturally adaptable content

The SLR research analysis identified three predominant clusters of findings: (1) enhancements in
emotion recognition performance through facial and tonal detection tools integrated into robots; (2)
heightened user engagement and prolonged attention in children with ASD; and (3) implementation of
adaptive feedback mechanisms, including gamification and gesture mirroring.  These findings validate
the efficacy of AI-driven social robots in emotion-centered therapies within clinical and educational
settings.

Table 4. Summary of SLR Research Analysis

Cluster Focus Area Key Insights

1 Emotion recognition via facial and
tonal AI detection

Improved accuracy in identifying and interpreting
emotional expressions

2 User engagement and attention
among ASD children

Greater sustained attention and increased
interaction time during robot-assisted sessions

3 Adaptive feedback (gamification,
gesture mirroring, etc.)

Enhanced learning motivation and self-regulation;
improved generalization to real-world tasks
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Table 5. Mapping of Reviewed Studies to Sustainable Development Goals (SDGs)

SDG Goal Description % of Aligned
Studies

Notable Contributions

SDG
3

Good Health and
Well-being

85% Improved emotional regulation, reduced anxiety,
better psychological well-being

SDG
4

Quality Education 71% Inclusive robot-assisted instruction, personalized
emotional learning tools

SDG
10

Reduced Inequality 66% Greater accessibility for neurodiverse learners,
culturally adaptable content

Numerous research exhibited cross-SDG effects, especially in frameworks that integrated inclusive
learning methodologies and culturally responsive emotional elements.  The research that used various
sensory modalities (speech, facial recognition, gesture) demonstrated greater improvements in
emotional comprehension and wider application in classroom settings.

The findings of this systematic review provide strong evidence that AI based social robots are effective
tools for enhancing emotional recognition in children with autism spectrum disorder. Across the 42
studies analyzed, clear patterns emerged in terms of effectiveness, implementation strategies, and
alignment with global developmental priorities. Robots such as NAO, QTrobot, and KASPAR consistently
contributed to improved emotional recognition outcomes. The most effective interventions were those
that integrated multimodal emotional cues such as combining facial expression, vocal tone, and gesture
interpretation. These robots created emotionally safe and structured learning environments where
children could practice social-emotional skills without fear of judgment or overstimulation. This supports
the notion that emotionally intelligent technologies can play a pivotal role in autism-specific education.

Engagement and behavioral regulation also improved significantly in many of the reviewed studies.
Children participating in robot-assisted interventions exhibited increased time-on-task, better turn-taking,
and heightened responsiveness to emotional prompts. Adaptive feedback mechanisms including
gamification, repetition, and gesture mirroring, were especially effective in reinforcing learning
outcomes. The review also underscores the value of aligning AI innovations with the United Nations
Sustainable Development Goals. A high proportion of studies were explicitly linked to SDG 3 (Good
Health and Well-being), SDG 4 (Quality Education), and SDG 10 (Reduced Inequality), confirming that this
field of research is not only pedagogically significant but also socially transformative.

However, the review also identifies critical gaps. Many studies had small sample sizes and were limited
to short-term trials, making it difficult to generalize results across diverse contexts. Cultural, linguistic,
and contextual adaptability of robot platforms was also insufficiently addressed. Furthermore, ethical
concerns such as data privacy, algorithmic bias, and the potential dehumanization of care remain
underexplored. Future research should prioritize longitudinal designs that track sustained emotional
development over time, as well as cross cultural implementations to ensure global relevance. Developers
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and researchers should collaborate more closely with educators, therapists, and families to ensure that
robotic tools are inclusive, ethically sound, and aligned with real world classroom dynamics.

Ultimately, this systematic review affirms that AI based social robots hold great promise as a
complementary tool in autism education. When designed and implemented responsibly, they can serve
as powerful agents of emotional inclusion, equity, and innovation in both clinical and educational
settings.

Conclusion
This systematic review synthesizes findings from 42 studies focused on the use of AI-based social
robots to enhance emotional recognition in children with autism. The review affirms that when equipped
with adaptive and multimodal features, social robots such as NAO, QTrobot, and KASPAR can
significantly improve emotional identification, engagement, and self-regulation among neurodiverse
learners. The thematic and mapping analyses indicate that these interventions strongly align with the
United Nations Sustainable Development Goals, particularly SDG 3 (Good Health and Well-being), SDG 4
(Quality Education), and SDG 10 (Reduced Inequality). This alignment highlights the broader potential of
social robotics not only as educational technology but as a catalyst for equity-driven innovation.

However, the review also identifies critical gaps, including short intervention periods, limited cultural
diversity in studies, and minimal discussion of ethical risks such as data privacy and algorithmic bias.
Addressing these limitations is essential to scale such technologies beyond experimental phases into
inclusive educational policy and everyday practice. Policy stakeholders, technologists, and educators
should prioritize collaborative design processes, ongoing professional development, and investment in
inclusive infrastructure to support AI-integrated classrooms. When ethically guided and contextually
adapted, AI-based social robots have the potential to transform emotional learning ecosystems for
children with autism on a global scale.
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