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Abstract 

Autism Spectrum Disorder (ASD) is a neurodevelopmental condition 

characterized by deficits in communication, cognition, and social behavior. 

This review evaluates the effectiveness of AI-mediated therapies in 

improving treatment outcomes for individuals with ASD. 

A systematic search was conducted in Google Scholar and PubMed for 

studies published between 2015 and 2025, following PRISMA guidelines. 

Twenty-two studies met the inclusion criteria. Data screening, quality 

assessment using the Joanna Briggs Institute checklist, and statistical 

evaluation were performed. 

AI-based interventions showed positive impacts on social interaction, 

adaptive behavior, and learning in individuals with ASD. Humanoid robots 

such as NAO and MARIA T21 improved emotional recognition, imitation 

skills, and motor coordination. AI-enabled mobile apps like Superpower 

Glass enhanced facial recognition and social engagement. IoT-integrated 

ABA therapy facilitated personalized interventions by tracking physiological 

and environmental parameters. 

AI-mediated therapies significantly enhance treatment outcomes in ASD, 

particularly in social, cognitive, and behavioral domains. These technologies 

provide scalable, individualized approaches that may complement traditional 

therapy and support long-term development. 
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Autism spectrum disorder (ASD), accounting for almost 1 in 54 children 

globally, is a neurodevelopmental condition that manifests as ineffective 

communication, lack of cognition and restricted social behaviors (Chowdhury et al., 

2024; Zhang et al., 2022). The variation in clinical manifestations of the disease 

makes its diagnosis challenging (Klaiman et al., 2024). Traditionally, ASD was 

diagnosed by observing patients’ behaviors and using subjective observational tools 

which led to diagnostic delays (Qin et al., 2024). Moreover, the treatment of ASD 

requires a comprehensive approach that targets patients’ behaviors, learning skills, 

education as well as disease pathophysiology (Shi et al., 2021). The need for a 

comprehensive treatment plan for ASD creates difficulties for psychiatrists in 

developing personalized treatment plans for autistic children, negatively impacting 

the effectiveness of therapy and reducing the productivity of treatment in terms of 

behavioral outcomes (Shi et al., 2021). 

Since the advent of artificial intelligence (AI) globally, the field of 

neurosciences has been revolutionized through the widespread use of AI in the 

diagnosis and treatment of neurodevelopmental disorders such as ASD (Moridian et 

al., 2022). Artificial intelligence-based diagnostic instruments have transformed 

early identification through examination of multimodal information, such as 

neuroimaging (fMRI, EEG), behavioral routines, and genetic signs. Machine 

learning algorithms attain a 90% success rate in differentiating ASD from 

neurotypical development by identifying biomarkers in patterns of brain 

connectivity and eye tracking (Jia et al., 2023; Wankhede et al., 2024). For example, 

deep learning algorithms used with functional MRI scans may identify unusual 

neural signatures in infants as early as 6 months, allowing interventions within key 

windows of neuroplasticity (Chowdhury et al., 2024; Jia et al., 2023). Such 

technologies bypass subjectivity and timeliness of traditional diagnosis tests like the 

Autism Diagnostic Observation Schedule (ADOS) (Chowdhury et al., 2024). 

Clinical uses of AI are most promising in social skills development. 

Humanoid robots like Kaspar have been shown to be effective in enhancing 

communication and emotion detection by utilizing interactive scenarios that promote 

social reciprocity (Wankhede et al., 2024; Zhang et al., 2022). Augmented reality 

(AR) devices combined with AI algorithms feedback in real time while facilitating 

social interactions decreases anxiety and increase adaptive responses in clinical trials 

(Doulah et al., 2023; Zhang et al., 2022). Physiological sensor wearables and 

machine learning classifiers are now enabling real-time monitoring of stress 
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indicators such that caregivers may foresee meltdowns through predictive modeling 

(Vignapiano et al., 2024; Zhang et al., 2022). New studies highlight how AI-powered 

virtual reality environments advance theory of mind skill by 40% above conventional 

therapy in adolescents with ASD (Doulah et al., 2023; Wankhede et al., 2024). 

AI has made customizable treatment planning possible by the capability of 

AI to combine heterogeneous data streams. Master Data Plan (MDP) architecture 

integrates genomic profiles, sensor readings from IoT, clinical histories and develops 

dynamic intervention models which continuously update themselves based on the 

personalized symptom severity of a patient as well as learning styles of choice 

(Vignapiano et al., 2024). This method has minimized treatment outcome variability 

in multicenter trials, especially among nonverbal participants who are helped by 

visual communication systems created by AI (Chowdhury et al., 2024; Vignapiano 

et al., 2024). Neuro-GPT EEG and other multimodal interfaces now integrate neural 

data with behavioral outputs to tailor therapy timing and content presentation 

(Vignapiano et al., 2024). 

International research collaboration has hastened such innovations, with the 

United States (164 studies), China (90 studies), and India (65 studies) being top 

producers of AI-ASD research (Chowdhury et al., 2024). Stanford University and 

McGill University have been at the forefront of machine learning techniques for use 

in finding biomarkers for ASD, while new technologies such as brain-computer 

interfaces have exhibited promising potential in improving cognitive flexibility 

(Chowdhury et al., 2024; Jia et al., 2023). Yet, challenges still exist around 

algorithmic bias against diverse populations as well as clinician translation of 

research prototypes (Jia et al., 2023; Wankhede et al., 2024). AI diagnostic models 

remain prospectively validated in real-world environments only by 12%, 

highlighting the lack of strong multiethnic datasets as well as frameworks for 

clinician-AI collaboration (Jia et al., 2023; Vignapiano et al., 2024). 

Multiple AI technologies have been developed and utilized till now which 

have shown effectiveness in early diagnosis of disease, predicting the disease course 

and affecting the treatment outcomes of autism with variable results targeting variety 

of personal skills in children with autism. This systematic review aimed to 

summarize the literature describing use of AI technology in improving treatment 

outcomes in ASD in recent decade.  
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Methodology 

Study Registration 

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

(PRISMA) guidelines were followed in reporting this systematic review and 

meta-analysis, which was carried out in accordance with a protocol created in 

advance and registered with the Prospective Register of Systematic Reviews 

(PROSPERO) (http://www.crd.york.ac.uk/PROSPERO/) under registration 

number: CRD42025644815.  

 

Search Strategy 

The literature was searched from January 2015 to January 2025 by using 

Google Scholar and Pubmed as search engines. “Artificial intelligence”, “machine 

learning”, “deep learning”, “autism spectrum disorder” and “treatment outcomes” 

were used as keywords while using MeSh terms and Boolean operators (AND/OR). 

All the articles describing effect of AI technology on treatment outcomes in autism 

and published in English language were included in this study. Studies describing 

the role of AI in diagnosing autism or predicting treatment outcomes were not 

included in this review. Moreover, we excluded animal studies, all types of reviews, 

documentaries, editorials, letter to editors, non-English language literature and 

studies without free access. Duplicates from search literature were removed 

manually. Snowballing method was applied to references of recruited articles to 

expand our research.  

 

Data Screening 

The screening of recruited data was done in accordance to PRISMA 

(Institute, 2020). A total of 2774 searches were obtained by using defined search 

strategy. After removal of duplicates, 2706 studies were included in data screening. 

Search strategy is summarized in Figure 1. 
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Figure 1. Schematic Presentation of Search Strategy 

 

Quality Assessment 

The quality assessment of the articles included was done using Joanna 

Briggs Institute (JBI) checklist of critical appraisal. The results of critical appraisal 

were classified as selection bias, performance bias, attrition bias, detection bias and 

reporting bias. The overall risk of bias was low in majority of the studies included. 

The results of critical appraisal of included studies are shown in Figure 2. 
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Figure 2. Quality Assessment of Included Studies 

To ensure a more robust evaluation, we further examined each study’s 

methodological rigor, noting that randomized controlled trials (RCTs) comprised 

41% of included studies, providing stronger internal validity. However, several 

studies utilized mixed-method or qualitative designs, which, while valuable for 

contextual insights, lacked blinding or standardized outcome metrics, potentially 

introducing bias. 

 
Additionally, we performed a cross-sectional comparative analysis of the 

methodologies applied across different AI modalities. Robotics-based interventions, 

particularly those using humanoid robots like NAO, generally incorporated 

structured protocols and objective behavioral measures. In contrast, mobile app-

based interventions such as Superpower Glass employed digital tracking and 

wearable sensors, offering real-time quantitative data but were often conducted over 

shorter durations. IoT-enhanced ABA therapies, although innovative in integrating 

physiological monitoring, relied heavily on environmental variables and lacked 

uniformity in intervention duration and intensity. 

 

Data Extraction and Analysis 

A total of 22 articles were included in our systematic review after data 

screening. The cumulative sample size was 487. Most of the study participants were 

males accounting for almost 52% of sample size whereas gender was not discussed 

in almost 32% of included studies. The gender distribution of study participants is 

provided below in figure 3.  
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Figure 3. Gender Distribution of Study Participants 

The author’s name, year of publication, type of research, sample size, age 

(mean/ranges), type of intervention done and duration of intervention was recorded 

in Table 1. Additionally, study outcomes, assessment tools, and findings were 

recorded in Table 2. 

Table 1. Summary of Included Studies 

Author Year 

Type of 

study 

Sample 

Size 

Mean Age/ 

Range Intervention 

Duration of 

Intervention 

(So et al., 

2018) 

2018 RCT 45 4-6 Robot-based 

gestural training 

sessions (NAO) 

9 weeks 

(Yun et al., 

2017) 

2017 RCT 15 4-7 

5.75±0.89 

(TG) 

6.32±1.23 

(CG) 

Robotic behavioral 

intervention 

programs (iRobiQ 

and CARO) 

8 session, 30-

40 min each 

(Conti et al., 

2021) 

2018 Mixed-

method 

6 

Only males 

104.3±18.6 

months 

Robot-assisted 

imitation training 

(NAO) 

3 months 

(Srinivasan et 

al., 2015) 

2016 Pilot 

RCT 

36 

32 females 

4 males 

5-12 Rhythm and 

Robotic 

Interventions (NAO 

and Rovio) 

8 weeks (4 

session/week) 

(Costescu et 

al., 2017) 

2017 RCT 27 

20 males 

9 females 

6-12 

8.7±1.8 

Robot-Enhanced 

Cognitive behavior 

therapy (Keepon) 

6 weeks (2-

hourly session) 

(Lyu et al., 

2024) 

2024 Pilot 

Mixed-

method 

24 

21 males 

3 females 

6.0±2.3 social-emotional 

game (EMooly) 

40 mins 



 

Articles Section 

 

 

78  AI-Mediated Therapy and Treatment Outcomes in ASD 

Author Year 

Type of 

study 

Sample 

Size 

Mean Age/ 

Range Intervention 

Duration of 

Intervention 

(Wong et al., 

2021) 

2021 User 

Study 

with IoT-

Enhance

d ABA 

15  

11 males 

4 females 

7-16 ABA therapy via 3i 

learning system 

10 week 

(Clabaugh et 

al., 2019) 

2019 Single-

case 

study 

model 

17 

15 males 

2 females 

3-8 Socially Assistive 

Robots (SPRITE) 

30 days 

(Chung, 

2021) 

2020 Quasi-

experime

ntal 

time-

series 

design 

15 5-11 Robotic educational 

programme (NAO) 

12 weeks 

(Voss et al., 

2019) 

2019 RCT 71 

63 males 

8 females 

8.38±2.46 Superpower Glass 

intervention 

6 weeks 

(Herrero-

Martín et al., 

2024) 

2024 Mixed-

method 

pilot 

study 

11 5-13 Interactive Robotic 

intervention (NAO) 

- 

(Ali et al., 

2020) 

2020 Prelimin

ary 

longitudi

nal study 

8 3-10 Standardized multi-

robot therapy 

(NAO) 

10 Weeks 

(Telisheva et 

al., 2022) 

2022 Case-by-

case 

analysis  

34 

32 males 

2 females 

3-12 Robot-Assisted 

Therapy (NAO) 

10 Days 

(Ilijoski et al., 

2022) 

2022 Quantitat

ive 

Evaluati

on 

20 23-76 M Robot-Assisted 

therapy (Kaspar) 

robot, 

complemented by a 

web and mobile 

application 

- 

(Fachantidis 

et al., 2020) 

2020 robot-

mediated 

intervent

ion study 

22 

14 males 

8 females 

9.9 3D LEGO robot 

bicycle model 

5 Months 

(Urdanivia 

Alarcon et al., 

2021) 

2021 qualitati

ve study  

3 9-13 Robot-Assisted 

Therapy (NAO) 

3–4 sessions, 

with each 

session lasting 

2–5 minutes. 

(Feng et al., 

2022) 

2022 Pilot 

Study 

16 11.73 & 

10.22 

Robot-Assisted 

Therapy (NAO). 

8 Months 
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Author Year 

Type of 

study 

Sample 

Size 

Mean Age/ 

Range Intervention 

Duration of 

Intervention 

(Silva et al., 

2019) 

2019 Prelimin

ary 

comparat

ive study 

23 

21 males 

2 females 

5-10 

>20 

Robotic dog 

(Zoomer dog from 

SpinaMaster) 

three test 

sessions) one 

per 

experimental 

condition) 

separated by a 

one-week 

“wash-out” 

period 

(Alnafjan et 

al., 2024) 

2025 Experim

ental 

study 

7 

6 males 

1 female 

5 to 9 Deep 

learning-based 

imitation detection 

system (NAO robot) 

3 weeks (30 

sessions) 

(Panceri et 

al., 2021) 

 

 

 

2021 Pilot 

study 

6 

5 males 

1 female 

4 to 12 social robot 

integrated with 

the concept of 

Serious Games 

(MARIA T21) 

- 

(Zhang et al., 

2019) 

2019 RCT 40 

5 females 

35 males 

ASD:5.08-

8.83 

(6.79±0.93) 

CG: 5.24–

7.32 

(6.35±0.56) 

Robot-Assisted 

Therapy (Distrust 

and deception 

games played by 

NAO) 

25 min 

(Bharatharaj 

et al., 2017) 

2017 RCT 24 6-16 

9.71±3.24 

Robot-Assisted 

therapy (KiliRo) 

49 days 

Table 2. Treatment Outcomes in Included Studies 

References Outcomes Assessment Tool Findings 

(So et al., 2018)  Accuracy of gestural 

production 

Verbal imitation 

Gesture recognition tests Improved Gestural 

production and verbal 

imitation  

(Yun et al., 2017)  Eye contact, Facial 

emotional 

recognition  

Eye contact tracker Improved eye contact; 

similar facial emotion 

recognition 

(Conti et al., 

2021) 

Gross motor skills TEACCH assessment Improved Gross Motor 

Imitation skills  

(Srinivasan et al., 

2015) 

Gross motor skills, 

imitation, praxis, 

interpersonal 

synchrony 

BOT-2 (Bruininks-

Oseretsky Test of Motor 

Proficiency), imitation 

error score, custom-

developed test activities 

Enhanced body 

coordination and facilitated 

interpersonal synchrony. 

Fine motor skills showed 

improvement within the 

control group. 

(Costescu et al., 

2017) 

Social knowledge, 

Beliefs (Rational, 

Irrational), 

Emotional intensity, 

Adaptive behaviors 

frequency of correct 

strategies to be used in a 

social situation, frequency 

of used 

Enhancements in rational 

beliefs and a decrease in 

emotional intensity; 

however, no notable 

differences in adaptive 
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References Outcomes Assessment Tool Findings 

rational beliefs or irrational 

beliefs, emotional 

intensity rating scale, 

frequency 

of using adaptive and 

dezadaptive behaviors 

behavior or social 

knowledge  

(Lyu et al., 2024) Social emotional 

involvement 

Self-structured 

questionnaire and interview 

Improved social-emotional 

involvement  

(Wong et al., 

2021) 

Task mastery, 

Teacher reception 

Behavior 

Interventions Rating Scale 

(BIRS) 

IoT-ABA system is 

effective in improving task 

mastery and have good 

teacher reception. 

(Clabaugh et al., 

2019) 

Participant 

engagement, 

numerical 

operations, 

mathematical 

learning 

Wechsler Individual 

Achievement 

Test (WIAT II) 

Significant cognitive gains 

in intervention group 

(Chung, 2021) Eye contact, verbal 

initiation 

Eye contact during 

communication, verbal 

initiation frequency 

Improved eye contact (in 

frequency and duration) 

and verbal initiation 

(Voss et al., 2019) Adaptive 

functioning, facial 

engagement, 

emotional 

recognition 

Vineland Adaptive 

Behaviours Scale 

socialization subscale, 

Developmental 

Neuropsychological 

Assessment, 

Second edition (NEPSY-

II), Emotion Guessing 

Game (EGG)  

improve social behavior, 

facial engagement and 

emotion engagement 

(Herrero-Martín 

et al., 2024) 

Language, social 

skills 

Educator’s assessment Improved motivation level, 

social interaction and 

engagement 

(Ali et al., 2020) Improvement in 

multi-human 

interaction skills 

human-human interaction 

(HHI),Childhood Autism 

Rating Scale (CARS) 

Improved in social 

communication  

(Telisheva et al., 

2022) 

Engagement, 

valence, smiling, 

affection, curiosity, 

aggression, 

stereotyped 

behaviors, and word 

count. 

ELAN software for 

behavior coding. 

Likert scale for 

engagement and valence. 

Improved engagement and 

socio-emotional outcomes. 

(Ilijoski et al., 

2022) 

Personification of 

therapy and patient 

improvement 

Multiple self-structured 

questionnaires 

developmental evaluation 

showed positive changes in 

children’s behavior and 

skills in less than half of 

included patients. 
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References Outcomes Assessment Tool Findings 

(Fachantidis et al., 

2020) 

Development of 

social, 

communicational, 

and emotional skills, 

along with a 

reduction in 

challenging 

behaviors 

Sociometric tests  Improved social and 

communication skills, 

Reduced challenging 

behaviours 

(Urdanivia 

Alarcon et al., 

2021) 

Improvement in 

motor control, turn-

taking skills, and 

emotional arousal 

detection, 

Expressivity 

reactions 

instrument designed to 

evaluate facial, verbal, and 

body expressions, scored 

on a Likert scale (0–4). 

Facilitated emotional 

expressiveness and 

imitation skills. However, 

the level of progress varied 

among participants, 

depending on their 

emotional state and 

familiarity with the robot. 

(Feng et al., 2022) Social interaction, 

Social 

communication 

EDA signal analysis, video 

annotations, and a custom 

scoring system  

Improved motor control 

and turn-taking skills, 

Results in Emotional 

arousal 

(Silva et al., 2019)  Social 

communication 

behavior, 

parasympathetic 

activity 

percentage of appropriate 

responses, emotional 

ratings, Time domains, 

frequency domains 

Living dogs are particularly 

effective in promoting 

suitable social interactions 

and improving emotional 

regulation. robotic dogs do 

not provide the autonomic 

advantages. 

(Alnafjan et al., 

2024) 

Imitation skills Verbal 

Behavior Milestones 

Assessment and Placement 

Program (VB-MAPP) 

assessment tool 

Enhanced imitation skills  

(Panceri et al., 

2021) 

Social interaction Goal Attainment Scale Enhanced the interaction 

between the mind and 

body, thereby fostering 

improved adherence to 

therapy 

(Zhang et al., 

2019) 

Distrust, deception, 

Anthropomorphic 

thinking, social 

learning 

Performance scores, 

anthropomorphic thinking 

questions 

Facilitated learning of 

social rules and showed 

that children’s perception 

of the robot 

plays an important role in 

their social learning, 

(Bharatharaj et al., 

2017)  

Social interaction, 

learning, 

physiological effects 

Social network density, 

letter and number 

recognition score, Mean 

protein and amylase levels, 

blood pressure, Heart rate, 

and SPO2  

improved learning and 

social interaction abilities, 

and reduced stress levels, 

no physiological change 
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To better understand relative effectiveness, we compared the three major 

categories of AI tools used: 

• Humanoid Robots (e.g., NAO, MARIA T21): These demonstrated strong 

improvements in imitation, emotional expression, and motor coordination 

across diverse cultural settings. Most robot-based studies had medium-to-

high quality scores and employed standardized assessments such as BOT-2 

and Vineland Scales. 

• Mobile Applications (e.g., Superpower Glass, Emooly): These 

interventions were more accessible and cost-effective but often showed 

variability in adherence and limited long-term follow-up. Their strengths lay 

in portability and personalization, although some studies lacked control 

groups. 

• IoT-based ABA Systems (e.g., 3i Learning System): These integrated 

real-time monitoring with behavioral feedback, enhancing ecological 

validity. However, they were constrained by the need for technical 

infrastructure and showed mixed methodological consistency across studies. 

 

In addition to categorizing the AI modalities, we noted that several robotic 

interventions particularly those involving the NAO robot (Ali et al., 2020; Conti et 

al., 2021; So et al., 2018) utilized Wizard-of-Oz (WoZ) technology. In these setups, 

human operators controlled the robot behind the scenes to simulate autonomy, which 

may influence the intervention’s perceived effectiveness and ecological validity. 

Differentiating WoZ-based designs from fully autonomous systems is important for 

interpreting outcomes and scalability. 

 

 

Results 

The AI interventions utilized in included studies is categorized into IOT-

Enhanced Applied Behavioral Analysis (3i-Learning system, AI-mediated 

smartphone based therapy and robotics-assisted interventions). The distribution of 

type of AI-mediated autism therapy used and percentage of studies is provided in 

Figure 4.  
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Figure 4. Types of AI-mediated Autism Therapy in Included Studies 

Social and communication development was the most commonly observed 

treatment outcome in included studies followed by motor and physiological 

development, cognitive and behavioral adaptations and learning or academic 

performance as shown in Figure 5. 

 

Figure 5. Distribution of Treatment Outcomes in Included Studies 
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IOT-Enhanced Applied Behavioral Analysis (3i-Learning system) 

The integrated Intelligent Intervention- learning system (3i-learning system) 

is developed through synchronization of traditional Applied Behavioral therapy 

(ABA therapy) with the AI technology. It comprises of two-level integration with 

the first level targeting integration of parents and caregivers to the personalized 

educational plans for their children followed by second level integration focusing 

over AI and Internet-Of things (IoT) measurements (Clabaugh et al., 2019). It 

enables the parents and caregivers of children with ASD to monitor the progress of 

IOT-Enhanced ABA therapy in terms of task performance, environmental factors 

and physiological factors that may impact child learning performance. Moreover, it 

serves as an effective assistant of parents and caregivers with regards to developing 

personalized therapy plans to improve development and progress of system 

(Clabaugh et al., 2019). The 3i-learning system comprises of three core functional 

components including student-centered learning environment (SCLE) (Contexts, 

Tools, Resources and Scaffolds). Modularized learning object (physical or digital) 

and an emotion recognizer (IoT-based data collection device and an AI-device to 

detect emotions by detecting physiological factors) (Clabaugh et al., 2019). 

A summary of the main studies evaluating IoT-Enhanced ABA 

interventions, their samples, tools used, and effect sizes is presented in Table 3. 

Table 3. Summary of IoT-Enhanced ABA studies 

Study Sample Tool Used Effect Size / Outcome 

(Wong et al., 

2021). 

15 students 

(7–16 yrs) 

IoT-based sensors, task 

mastery assessments 

86.7% task mastery; ~2 hrs per task; 

mean gain +5 points per session 

(Clabaugh et al., 

2019). 

 

17 children 

(3–8 yrs) 

Emotion recognizer (IoT, 

AI) 

Personalized therapy; improved 

engagement and cognitive 

performance 

 
In a study conducted with 15 students by Wong et al. (2021), it was found 

that 86.7% achieved mastery in at least one training task, while 59.6% of the tasks 

fulfilled the mastery criteria after an average of 3.86 sessions, equating to 

approximately 2 hours per task (Wong et al., 2021). The interventions resulted in 

stable gains in learning, with tasks showing a mean increase of 5 points per session. 

Additionally, AI-driven IoT-sensors monitored physiological and environmental 

variables, uncovering findings such as the detrimental effects of CO₂ levels on 

learning performance, as well as correlations between classroom temperature, 

Galvanic Skin Response (GSR), and skin temperature. This monitoring facilitated 

customized interventions, enhancing the learning environment for improved results. 

Even the teachers highlighted that the AI-enhanced therapy is effective in enhancing 

students’ attention and ability to follow directions (Wong et al., 2021).  
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Robotics-assisted Interventions 

Children with ASD often have difficulty interpreting nonverbal cues, 

making eye contact, expressing their emotions, and understanding others’ feelings. 

They also struggle with imitation skills, using these behaviours less frequently than 

their typically developing peers. Imitation includes body movements, whispering, 

and facial expressions, which are essential for interaction with parents. Robots have 

played a supportive role in numerous human activities, including the rehabilitation 

of individuals with ASD. The integration of social or interactive robots into clinical 

settings shows potential for enhancing the social abilities of children diagnosed with 

ASD (Alnafjan et al., 2024; Bharatharaj et al., 2017; Feng et al., 2022; Zhang et al., 

2019). A total of 11 types of robots have been used in included studies for robot-

assisted therapy with NAO being the most frequently utilized humanoid robot i.e., 

used in approximately 52% of included studies. The percentage distribution of types 

of robots in included studies is provided below in Figure 6, and a structured summary 

of the main findings is presented in Table 4. 

 

Figure 6. Percentage Distribution of Robots Used in Included Studies 

Alnafjan et al. assessed the efficacy of robot-assisted intervention by NAO 

in improving imitation skills among children with ASD in relation to conventional 

therapy methods (Alnafjan et al., 2024). The Softbank Robotics NAO is a humanoid 

robot from SoftBank Group Corporation, featuring 25 degrees of freedom for diverse 

human-like movements. Its microphones have a sensitivity of 20 mV/Pa ± 3 dB at 1 

kHz, with an input frequency range of 150 Hz to 12 kHz. The group that underwent 

robot-assisted therapy demonstrated an average enhancement in imitation skills of 
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17.14%, in contrast to the non-robotic group, which achieved a mere 2.86% 

improvement, despite numerous children encountering difficulties. The results for 

the robot-assisted group were consistently more favorable, as children in this 

cohort demonstrated greater accuracy in tasks such as imitating clapping. In 

addition, experts gave feedback that the children showed increased excitement, 

interest, and concentration in the robot-mediated sessions. The feedback included 

statements such as “the children look excited and cannot wait to see the robot 

following each session” and “we have not seen such enjoyment during previous 

sessions” (Alnafjan et al., 2024). 

Various researches covered by this review have examined the influence of 

a humanoid robot, NAO, a robotic assisted treatment in ASD and reported high 

flexibility in terms of meeting needs of children with ASD (Ali et al., 2020; 

Bharatharaj et al., 2017; Costescu et al., 2017; Feng et al., 2022; Ilijoski et al., 

2022; Panceri et al., 2021; Silva et al., 2019; Srinivasan et al., 2015; Telisheva et 

al., 2022; Voss et al., 2019; Yun et al., 2017). NAO, with the size-weight 

measurement of about 58 cm and 5 kg and 25 degrees of freedom, is a humanoid 

robot that ensures stability and nimble movements through the utilization of 

inertial navigation system. In addition, it can detect and navigate obstacles in the 

surrounding environment accurately (Bharatharaj et al., 2017). 

Feng et al. (2022) stable turn-taking skills and motor task accuracy in 

almost 67% and 70% of study participants in 50 sessions respectively by using 

NAO-based music therapy as well as a significant improvement in emotional 

arousal when detected by electrodermal activity signals (Feng et al., 2022). 

Similarly, Alarcon et al. have put emphasis over the impact of NAO-assisted video-

based interventions on enhancing the expressiveness of children (body, verbal and 

facial) while using pre-recorded video sessions (Urdanivia Alarcon et al., 2021). 

Zhang et al. (2019) assessed the mechanism of acquiring complex social skills by 

using robot-assisted game therapy designed on the principles of distrust and 

deception in children with ASD and found that autistic children skills to distrust and 

deceive social robots in comparison to control group yet these children exhibited 

exceptional performance in learning to distrust a robot compared to a real person, 

especially during the initial stages of the distrust task. These finding support the 

nuances in acquiring social skills among children with and without autism (Zhang et 

al., 2019). Similarly, So et al. (2018) noted a significant improvement in gesture 

performance score in children suffering from ASD while using robot-assisted 

therapy by NAO i.e., 41% improvement with p < 0.001 (So et al., 2018).  

MARIA T21 is a socially assistive robot, with a height of about 1.40 m, 

widely recognized in research due to the capabilities it carries in assisting effective 

adaptation to the needs of an autistic child. Its capacity for customization based on 

the therapeutic attitude allows it to function as a friend or a mentor. In addition, it is 

able to project visual stimuli on several surfaces while at the same time interacting 

with children and providing instructions and motivation to children with ASD 
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through music therapy and pre-recorded audio messages (Zhang et al., 2019). 

Panceri et al. tested the efficiency of the MARIA T21-based game therapy in 

enhancing therapeutic results for ASD children with Goal Attainment Scaling (GAS) 

of 8 to 10 with outstanding scores in some activities such as clapping verbal 

response. In addition, it enhanced therapists-children interaction by inducing a 

dynamic mind-body (Panceri et al., 2021). 

The findings from Silva et al. (2019) reported that live dogs outperformed 

robotic dogs and no-stimulus condition in eliciting social communication behavior 

and cardiac autonomic activity among children (Silva et al., 2019). On the other 

hand, robotic dogs were as effective as live dogs in adults. Remarkably, children 

demonstrated a significantly higher percentage of correct responses when there 

were live dogs (68.65 ± 11.26) than when there were robotic dogs (48.00 ± 16.21; 

p = 0.011) or when there were no stimuli (34.38 ± 12.73; p < 0.001). In adults, the 

live dog (54.69 ± 13.94) and robotic dog (63.56 ± 13.19) conditions each elicited 

significantly better responses than the no-stimulus condition (32.38 ± 7.50; p < 

0.003), and no significant difference was found between the live dog and robotic 

dog conditions (Silva et al., 2019). In terms of heart rate variability (HRV), the 

condition involving dogs demonstrated a greater level of parasympathetic activity, 

evidenced by notable enhancements in LnRR (dog: -0.47 compared to no stimulus: 

0.16; p = 0.043), LnSDNN (dog: 0.228 versus no stimulus: -0.91; p = 0.030), and 

LnRMSSD (dog: 0.372 against robot: -0.099; p < 0.001). Additionally, there were 

significant increases in LnHFnu within the dog condition (5.668), which markedly 

surpassed the robot condition (-10.372; p < 0.001) and the no-stimulus condition (-

7.824; p = 0.005). These results highlight the enhanced therapeutic advantages of 

live dogs in fostering social interaction and emotional regulation, especially among 

children, while robotic dogs present a viable, though less effective alternative (Silva 

et al., 2019). 

Bharatraj et al. (2017) researched the benefit of KiliRo in improving learning 

and social interaction abilities, reducing levels of stress, and enhancing the 

physiological status in a group of 24 children with autism for a period of 49 days 

(Bharatharaj et al., 2017). KiliRo is a two degree of freedom social interactive robot 

divided into three segments classified as upper (head, eyes), middle (body, wings 

and tail), and lower (legs). KiliRo has two wireless cameras and a USB camera that 

provide a practically 270-degree field of vision, real time video streaming, and 

letter/number recognition utilizing QR codes. 

Srinivasan et al. (2015) examined the effects of robotic and rhythmic 

interventions on ASD children’s motor ability, imitation, and interpersonal 

synchrony. An 8-week randomized controlled trial was performed where a humanoid 

robot supported the robotic group in performing gross and fine motor imitation 

training (Srinivasan et al., 2015). The robot group performed significantly better than 

the standard-of-care group in both praxis skill (p < 0.01) and imitation (p < 0.05) 

based on outcomes, improved their gross motor coordination by 18.3%, and 
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interpersonal synchrony by 21.7%. Based on therapists’ assessments, 86% of 

children showed sustained attention and enthusiasm when participating in the 

activities, where the children are shown to have been excited about the robotic 

training (Srinivasan et al., 2015). 

The effectiveness of Robot-Enhanced Cognitive Behavioral Therapy (RET) 

in the treatment of children with ASD with dysfunctional emotional responses was 

measured by Costescu et al. through the use of Keepon (Costescu et al., 2017). 

Keepon is a rubber body snow-man like robot that sits on a dark cylinder containing 

motors and circuit boards. It allows four degrees of freedom of movement and assists 

in teaching adaptive behaviors in emotionally demanding social interactions and 

modifying irrational beliefs. There was an improvement in 78% of RET group 

children for better emotion regulation, and a statistically significant reduction in 

emotional intensity was seen (p = 0.02). Further, there was an appreciable 

enhancement in rational beliefs of RET group during Keepon use i.e., 13.46±8.88 vs 

4.33±8.49, p=0.007). 

To enhance social skills, a robotic behavioral intervention system that places 

priority on facial emotion recognition and eye contact was developed by Yun et al. 

(2017). 15 children aged 4 to 7 took part (Yun et al., 2017). Eye contact and facial 

emotion recognition were significantly improved in both groups; the robotic group’s 

eye contact frequency increased by 32% (p < 0.01). Better social communication 

results were made possible using humanoid robots, which offered regular, 

predictable interactions that suited the children’s preferences. To overcome 

accessibility and resource availability constraints, Ilijoski et al. (2022) extended 

robot therapy via web and mobile applications (Ilijoski et al., 2022). Their hybrid 

approach improved social skills and engagement by enabling remote, individualized 

therapy sessions for kids with ASD. The study found that when these digital tools 

were added to therapy, 92% of children demonstrated improved interaction, and 

therapists reported a significant decrease in scheduling conflicts.  

Table 4: Summary of Robotics-assisted intervention studies 

Study Sample Tool Used Effect Size / Outcome 

(Alnafjan et 

al., 2024). 

7 children (5–9 

yrs) 

NAO humanoid 

robot 

17.14% improvement in imitation vs 

2.86% in controls 

(Feng et al., 

2022). 

16 children NAO robot 

(music therapy) 

67% turn-taking, 70% motor accuracy, 

improved emotional arousal 

(So et al., 

2018).  

45 preschoolers NAO robot 41% improvement in gesture 

performance (p < 0.001) 

(Panceri et al., 

2021) 

6 children (4–12 

yrs) 

MARIA T21 Goal Attainment Scale: 8–10 (high 

performance) 
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AI-mediated Mobile Device-based Therapies 

Superpower Glass intervention is one effective AI-mediated mobile device-

based autism therapy which improved facial recognition and facial engagement 

(Voss et al., 2019). In this therapy, smart glasses are synced with a smartphone 

application capable of classifying emotion via machine learning. According to Voss 

et al. there is a significant improvement in Vineland Adaptive Behaviours Scale 

socialization subscale score i.e., mean treatment impact of 4.58±1.62, p = 0.005 

(Voss et al., 2019). Similarly, Lyu et al. (2024) utilized, a tablet based game, titled 

as Emooly (an integrated setup of GenAI and augmented reality) in autism therapy 

and observed significant improvement in social-emotional development of autistic 

children (Lyu et al., 2024). The details of these mobile device-based interventions 

are summarized in Table 5. 

Table 5. Summary of Mobile Device-based intervention studies 

Study Sample Tool Used Effect Size / Outcome 

(Voss et al., 

2019) 

71 children  

(8.4 ± 2.5 yrs) 

Superpower Glass + 

Smartphone ML app 

+4.58 ± 1.62 improvement in 

Vineland socialization (p = 0.005) 

(Lyu et al., 

2024) 

24 children  

(6.0 ± 2.3 yrs) 

Emooly (GenAI + AR) 

tablet game 

Significant improvement in 

social-emotional development 

 

 

Discussion 

This systematic review demonstrates that AI technology can effectively 

enhance ASD treatment results for social interaction while also boosting learning 

behaviors and stress management together with motor coordination and enhancing 

cognitive skills. Implementation of AI in learning settings for children with Autism 

provides better personalized learning opportunities to students through 

individualized learning strategies. The programming capability based on algorithms 

of AI creates individualized learning programs which enhances children’s 

engagement and understanding. Smith et al (2023) explained how implementation 

of AI technology in therapy sessions offers individualized therapeutic strategies 

which gets adjusted automatically as students exhibit varying learning styles (Smith 

et al., 2023). 

Four of these studies in this systematic review proved that AI-based 

interventions were able to improve motor coordination and imitation skills in autism. 

This is supported in literature by Anum et al. (2024) who observed a significant 

improvement in motor skills learning outcomes of Elementary School Teacher 

Education (PGSD) by using AI (Anam et al., 2024). 

One study in this review demonstrated the role of an AI-driven wearable 

digital intervention for improving social skills in children suffering from autism in 
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terms of facial engagement and emotion recognition. These findings are consistent 

to that of a study conducted by Özcan et al (2016) who proposed the effectiveness 

of transitional wearable companions in improving social skills in children with ASD. 

While explaining the logical reasoning behind this effectiveness, he stated that robots 

are controlled by an on-board computer (such as an Arduino board, which responds 

to the child’s actions by emitting lights, sounds, and vibrations when the child acts 

on its touch or interactive sensors (Özcan et al., 2016).  

However, a persistent gap in the current literature is the limited evidence 

supporting long-term effectiveness of AI-mediated interventions. While many 

studies demonstrate short-term gains (typically ≤ 12 weeks), few assess whether 

these improvements persist. For instance, Rakhymbayeva et al. (2021) conducted a 

month-long, in-home study with 11 children, demonstrating sustained engagement 

and maintained behavioral improvements over four weeks, but did not include 

follow-up assessments beyond the intervention period (Rakhymbayeva et al., 2021).  

Complementing this, the work by Pakkar et al. (2020) and Clabaugh et al. 

(2019) involved month-long in-home engagements, revealing that robotic systems 

could personalize interactions and sustain attention across multiple weeks, yet both 

concluded with no long-term post-intervention follow-up (Clabaugh et al., 2019; 

Pakkar et al., 2019).  

In addition to clinical efficacy and short-term feasibility, it is vital to assess 

the cost-effectiveness and accessibility of AI-based therapies for broader clinical 

adoption. AI-driven therapies have shown promising cost-effectiveness across 

various domains of healthcare. For example, AI-based mental health chatbots and 

digital therapeutics reduce costs by automating screening, triage, and support, 

enabling broader outreach with lower marginal expenditure per patient compared to 

conventional methods (Fulmer et al., 2018; Rollwage et al., 2022; Sapanel et al., 

2023; Yadav, 2021). Economic evaluations demonstrate that AI-supported 

interventions in mental health, dermatology, dentistry, ophthalmology, and primary 

care generally outperform standard care or are at least cost-comparable, largely by 

optimizing resource utilization, minimizing unnecessary interventions, and 

streamlining workflows (Chang et al., 2021; Gomez Rossi et al., 2022; Khanna et 

al., 2022; Olawade et al., 2024). Decision-analytic studies in China show that 

hierarchical, AI-driven screening for cataracts is more cost-effective than both 

telescreening and conventional approaches in both urban and rural settings (Wu et 

al., 2024). Similar models in tuberculosis screening, cancer diagnostics, and clinical 

decision support consistently report improved outcomes and reduced per-patient 

costs, especially at scale (Olugbami & Ogundeko, 2025; Rao et al., 2025; Zhao & 

Yuan, 2025).  

Scaling AI-driven therapies in resource-limited settings presents both 

promising opportunities and significant challenges. Notable success stories, such as 

AI-based tuberculosis detection in rural India and telemedicine initiatives in sub-

Saharan Africa, demonstrate that cost-effective deployment is achievable when 
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cloud infrastructure, mobile technology, and community involvement are 

emphasized (Murrillo, 2024; Olugbami & Ogundeko, 2025). Key enablers of 

scalability include the use of cloud-based platforms that minimize local computing 

demands (Olugbami & Ogundeko, 2025), task-shifting and automation to reduce 

dependency on scarce specialized personnel (Wang et al., 2024), and targeted 

training programs that empower local healthcare workers to effectively use and 

interpret AI tools (Hafeez et al., 2024; Pillai, 2023). Nevertheless, barriers such as 

inadequate infrastructure, workforce shortages, inconsistent data quality, diverse 

regulatory frameworks, and the need for upfront investment persist (Chomutare et 

al., 2022; Pillai, 2023; Zhao & Yuan, 2025). To address these challenges, 

collaborative funding efforts from international donors and government bodies are 

essential to support initial implementation and ensure long-term sustainability 

(Murrillo, 2024; Olugbami & Ogundeko, 2025).  

AI technologies can be adapted and implemented across diverse healthcare 

systems, but this process requires careful integration with local clinical workflows 

and electronic health record systems (Chomutare et al., 2022). Successful 

implementation depends on the clear identification of clinical objectives to ensure 

measurable outcomes, active engagement of stakeholders including clinicians, IT 

teams, and policymakers to address resistance and maintain relevance (Ahluwalia et 

al., 2025; Olugbami & Ogundeko, 2025), and continuous monitoring and validation 

to assess real-world performance and detect potential biases (Ahluwalia et al., 2025; 

Elvidge & Dawoud, 2024). Additionally, variations in legal frameworks, technology 

adoption rates, and standards of care can influence the speed and scope of AI 

integration across different healthcare settings (Pillai, 2023; Zhao & Yuan, 2025).  

AI-driven therapy solutions offer promising opportunities to enhance 

healthcare equity and improve access for diverse populations; however, they may 

also risk reinforcing existing disparities if inclusivity is not intentionally embedded 

into their design. Key challenges include algorithmic bias, where systems trained on 

non-representative datasets may perform inequitably for underrepresented groups 

(Ahluwalia et al., 2025; Ferebee, 2025); the digital divide, which limits access for 

marginalized communities due to insufficient internet connectivity or device 

availability (Pillai, 2023; Zhao & Yuan, 2025); and the lack of cultural and linguistic 

sensitivity, which can hinder effectiveness if interventions are not adapted to local 

beliefs, languages, and health literacy levels (Ahluwalia et al., 2025; Olugbami & 

Ogundeko, 2025). To mitigate these issues, best practices recommend strategies such 

as diverse data collection, federated learning, culturally-aware design, and 

continuous algorithmic auditing (Ahluwalia et al., 2025; Ferebee, 2025). When such 

approaches are implemented, AI can play a transformative role in improving 

accessibility for individuals with disabilities and traditionally underserved 

communities (Atturu & Naraganti, 2024; Ferebee, 2025). Ultimately, while AI-

driven therapies can reduce costs and offer scalable interventions, ensuring equitable 

access particularly in resource-limited or culturally varied contexts requires careful 
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and inclusive planning (Ahluwalia et al., 2025; Murrillo, 2024; Olugbami & 

Ogundeko, 2025; Wu et al., 2024).  

However, ethical considerations surrounding AI use in ASD therapy warrant 

critical reflection. Given that the target population children with autism is especially 

vulnerable, issues like emotional impact, data privacy, and the risk of replacing 

human therapists must be carefully evaluated. Children with ASD may form 

attachments to robots or AI tools, leading to possible confusion between real human 

emotions and programmed responses (Sharkey, 2016). Such emotional dependence 

could hinder natural social development if not guided appropriately by human 

clinicians. 

Another significant limitation observed in the reviewed studies is the lack of 

ethnic and cultural diversity among the participant samples. Most of the included 

studies did not specify the racial or ethnic composition of their cohorts, making it 

difficult to generalize findings across diverse populations. This homogeneity raises 

concerns about the cultural applicability of AI interventions, as effectiveness may 

vary due to sociocultural norms, linguistic differences, or varying levels of 

technological accessibility. Future research should prioritize the inclusion of multi-

ethnic and cross-cultural populations to ensure that AI-mediated therapies are both 

effective and equitable across demographic boundaries. 

Additionally, the use of AI requires extensive data collection, often 

including sensitive biometric, behavioral, and psychological information. Inadequate 

data protection practices pose significant privacy risks (Floridi et al., 2018). Many 

AI systems lack transparency and explainability, making it difficult for caregivers to 

understand how decisions are made. This black-box nature of AI increases the 

chances of algorithmic bias, which could exacerbate disparities in therapy access or 

outcomes across different socioeconomic or ethnic groups (Challen et al., 2019; Char 

et al., 2018).  

Moreover, concerns have been raised about the potential overreliance on AI 

replacing qualified therapists. Critics emphasize that, although AI may simulate 

empathic responses, it “lacks the emotional depth and empathy necessary for 

effective psychotherapy”, which are foundational to the therapeutic alliance (Salil et 

al., 2024). While AI can assist with screening or augmenting treatments, it cannot 

fully replicate genuine human empathy, intuition, and emotional responsiveness, and 

thus should be viewed as a support tool rather than a substitute for clinicians. 

Consequently, ethical guidelines recommend human-AI collaboration, 

where AI enhances therapist efficiency but final decisions and emotional care remain 

under clinician oversight. Moreover, frameworks such as the Belmont Report and 

contemporary scoping reviews assert the necessity of informed consent protocols, 

ongoing clinician training, and robust regulatory structures to ensure data privacy, 

patient agency, and safety in AI‑assisted mental health interventions (Cilar Budler 

& Stiglic, 2025).  
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The robot-assisted interventions in ASD by NAO, a humanoid robot, have 

been discussed in four studies included in this review. The findings of these studies 

confirm previous assessments by Kouroupa et al. (2022) who established that NAO-

like robots produce better language development and interaction enhancements 

along with increased participation than traditional practices for autistic children 

(Kouroupa et al., 2022). NAO demonstrates its ability to teach children social skills 

using avatars according to Batool et al. (2024) through instruction in emotional 

understanding and sharing and eye contact. The system operates as a therapeutic 

device since its adaptable design lets therapists conduct developmental-supportive 

sessions for children with individualized targets (Batool et al., 2024) 

Another study in this review found that real dogs delivered better results 

than robotic dogs when it came to boosting the parasympathetic system and 

emotional management in children. It is evident from literature that AI-driven 

interventions supply helpful resources to humans yet they do not replicate all 

advantages which occur when individuals interact with animals directly (Thakkar et 

al., 2024). According to Haladjian and Montemayor (2016) AI imitates attention 

processes yet fails to replicate both human emotional capacity and empathetic 

abilities (Haladjian & Montemayor, 2016). The utilization of physiological markers 

as stress evaluation tools represented a new approach in two studies performed 

included in this review. They proved robot-aided therapy generated important α-

amylase enzyme activity reductions in saliva of children confirming their decreased 

state of stress. Moreover, they investigated external influences on the execution of a 

task such as CO₂ conditions within their study and proposed enhancements for 

therapy. The present findings augment those found previously by Thakkar et al. 

demonstrating how AI neurofeedback and biofeedback systems form individual 

abilities in order to control and observe biological reaction. By providing 

instantaneous feedback of heart rate and brain activity as well as other physiological 

signs, such systems allow a person to acquire self-regulatory skills for stress response 

control (Thakkar et al., 2024). 

 

 

Conclusion 

This systematic review presents the evidence of AI-supported interventions 

to improve therapy outcomes in ASD children, particularly motor skills, social 

communication, cognition, and tolerance to stress. AI-mediated interventions such 

as robotics-assisted therapy, Internet of Things-enhanced ABA, and AI-assisted 

mobile applications have reflected noteworthy improvements in social interaction, 

motor skills, and emotional interpretation. The application of tailored approaches 

facilitated by AI has the potential to personalize therapies to suit the particular needs 

of the individual, ultimately giving rise to improved motivation and learning. Though 
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challenges exist with standardization and validation, the potential for benefit through 

AI-facilitated interventions points toward a positive direction for future 

implementation and research in ASD treatment. 

 

 

Limitations and Future Implications  

Limitation exists within this research review method. Studied 

methodologies varied within the selected research including randomized controlled 

trials as well as case studies. The various experimental methods make it difficult to 

make direct comparisons and conduct meaningful statistical analyses which in turn 

lowers the findings’ applicability to other situations. Future studies should 

emphasize on large-scale, longitudinal designs to confirm AI-mediated therapies for 

ASD. Future research must also emphasize on developing standardized protocols 

and sampling participants from diverse backgrounds at longer intervention lengths 

to monitor AI-based therapy development success. Moreover, the current body of 

literature reviewed suffers from a notable lack of demographic diversity, particularly 

in terms of ethnicity and cultural background. This limitation restricts the 

generalizability of findings across diverse populations. To enhance the inclusivity 

and relevance of AI-based interventions in ASD therapy, future studies must 

incorporate participants from varied ethnic, cultural, and socio-economic 

backgrounds. Ensuring demographic diversity is essential for understanding how AI 

tools perform in real-world, multicultural settings. Furthermore, incorporating real-

time monitoring and feedback mechanisms could also further tailor treatment, 

enhancing outcomes. Moreover, ethical considerations, algorithmic bias, and 

accessibility is also important to ensure the equitable utilization of AI in ASD 

therapy. 
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