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Background: Autism spectrum disorder is a neurodevelopmental condition characterized by persistent challenges in social communication and restricted, repetitive behaviors. Emotion recognition deficits are a core feature of ASD, impairing social functioning and quality of life. This meta-analysis evaluates emotion recognition accuracy and response time in individuals with autism spectrum disorder compared to neurotypical individuals and those with other neurodevelopmental disorders.



Methods: This systematic review with a meta-analysis was conducted following PRISMA guidelines. A comprehensive literature search across PubMed, Scopus, Cochrane Library, and Web of Science identified 13 studies published between 2006 and 2024. Data on emotion recognition accuracy and response times were synthesized using standardized mean differences in random-effects models. Heterogeneity was assessed using the I2 statistic, and sensitivity analyses were performed to ensure robustness.



Results: Individuals with ASD exhibited significantly lower overall emotion recognition accuracy compared to TD individuals (SMD = −1.29, 95% CI: −2.20 to −0.39, p < 0.01) and NDDs (SMD = −0.89, 95% CI: −1.23 to −0.55, p = 0.02). Response times were significantly prolonged in ASD compared to TD individuals (SMD = 0.50, 95% CI: 0.36–0.63, p < 0.01) but not when compared to NDDs. Emotion-specific analyses did not consistently reveal significant differences across emotions (fear, anger, happiness, sadness, disgust, surprise), with substantial heterogeneity observed across studies (I2 > 50%).



Conclusions: This systematic review with a meta-analysis highlights significant impairments in emotion recognition accuracy and processing speed among individuals with autism spectrum disorder, particularly compared to neurotypical individuals. These findings underscore the importance of developing targeted interventions to address these deficits, which are foundational to improving social cognition and quality of life in autism spectrum disorder. Future research should prioritize standardized methodologies and explore cultural and contextual factors influencing emotion recognition abilities.



Systematic Review Registration: https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=627339, PROSPERO (CRD42024627339).
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Introduction

Autism Spectrum Disorder (ASD) is a complex neurodevelopmental condition characterized by persistent challenges in social communication and restricted, repetitive patterns of behavior (1). These difficulties significantly impair the ability to interpret and respond to social cues, such as facial expressions, vocal tone, and body language, which are critical for successful social interactions and relationship-building (2, 3). Recent data suggest that ASD affects approximately 1 in 36 children in the United States, with boys being four times more likely than girls to receive a diagnosis (4).

Emotion recognition deficits are among the most significant challenges faced by individuals with ASD, contributing to impaired social functioning and diminished quality of life (5, 6). Research consistently shows that children and adolescents with ASD struggle to recognize subtle or complex emotions, such as sadness or fear, more than basic emotions like happiness (7–9). These deficits extend beyond accuracy to include slower response times, reflecting inefficiencies in cognitive processing (10, 11). Comparisons with neurotypical individuals consistently demonstrate these differences. For instance, children with ASD tend to focus less on the eye region of faces—a key source of emotional information—and more on less informative areas (12, 13). Multimodal research confirms atypical patterns in eye gaze and facial emotion processing, underscoring the interplay between visual attention and emotional interpretation (14).

The literature highlights distinct behavioral and cognitive profiles between ASD and neurotypical children. For example, while neurotypical children rely on holistic face processing strategies, individuals with ASD often exhibit feature-based processing, which hinders accurate emotion recognition, particularly for negative emotions such as fear and sadness (15, 16). These differences extend to response times, with children with ASD showing prolonged reaction times during emotion recognition tasks compared to their peers, likely reflecting underlying cognitive inefficiencies (6, 17).

Emotion recognition deficits, often tied to broader emotion regulation challenges, are foundational to understanding social impairments in ASD (18). Neuroimaging studies further distinguish individuals with ASD from neurotypical individuals by revealing atypical activation patterns in key emotion processing regions such as the amygdala and fusiform gyrus (13, 19). These findings suggest that ASD-related deficits in emotion recognition arise from disruptions in both social and neural pathways, contributing to pervasive social communication challenges.

Prior meta-analyses have provided valuable insights into emotion recognition deficits in ASD, but limitations remain. For example, reviews by Harms et al. and Uljarevic and Hamilton primarily focus on accuracy while neglecting response time and emotion-specific variability (5, 6). Additionally, heterogeneity in methodologies, task designs, and participant characteristics complicates the interpretation of findings (7, 9). More recent reviews (20, 21) underscore these methodological gaps, particularly the need for studies addressing contextual and cultural factors that influence emotion recognition outcomes. These heterogeneities are further compounded by modality-specific differences in emotion recognition, with evidence suggesting variability across visual and auditory domains (21).

Recent advancements in sensing technologies and machine learning offer promising avenues for improving emotion recognition assessments in ASD (22).

This study also considers how factors such as task complexity, age, and cultural differences may contribute to variability in findings, as highlighted in recent literature (21, 23). While these factors are not directly tested in this meta-analysis, they are discussed as potential moderators influencing the observed heterogeneity.

This meta-analysis aims to address these gaps by systematically evaluating emotion recognition accuracy and response time in children and adolescents with ASD compared to neurotypical individuals and individuals with other neurodevelopmental conditions. By incorporating response time as an outcome measure and analyzing emotion-specific variability, this study seeks to provide a more nuanced understanding of the cognitive and behavioral mechanisms underlying emotion recognition deficits in ASD. Specifically, this analysis addresses the following research question: How do children and adolescents with ASD differ from neurotypical individuals and individuals with other neurodevelopmental conditions in emotion recognition accuracy and response time?


Objective


General objective

To systematically evaluate emotion recognition deficits, including accuracy and response times, in individuals with ASD compared to neurotypical individuals and those with other neurodevelopmental disorders.



Specific objectives

To assess differences in emotion recognition accuracy and response times between individuals with ASD and neurotypical individuals and those with other neurodevelopmental disorders.

To investigate whether deficits in emotion recognition are consistent across specific emotions (happiness, sadness, anger, fear, surprise, disgust) in individuals with ASD.





Methods


Study design and reporting

This systematic review with a meta-analysis was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines to ensure transparent and replicable methodology (24).



Literature search

A comprehensive literature search was conducted across four major electronic databases: PubMed, Scopus, Cochrane Library, and Web of Science (WOS), including all relevant studies published up to September 2024. The search strategy utilized a combination of keywords and Medical Subject Headings (MeSH) terms related to autism spectrum disorder (ASD), emotion recognition, and neurodevelopmental assessments to ensure broad coverage of pertinent studies. Reference lists of included studies and relevant reviews were also manually screened to identify additional eligible studies.

The search terms were combined using Boolean operators (“AND/OR”) to refine the database queries. For example, the following search string was applied in PubMed: (“emotion recognition” OR “facial expression recognition” OR “emotion processing” OR “social cognition”) AND (“autism spectrum disorder” OR ASD OR autism OR “neurodevelopmental disorders”). Database-specific subject headings were used for searches in Scopus, Cochrane, and Web of Science, with keywords such as “autism spectrum disorder,” “facial expression recognition,” “emotion recognition,” “emotion processing,” and “social cognition.” The search was limited to studies published between 2006 and 2024, and only English-language publications were included.

This systematic review with a meta-analysis has been registered with PROSPERO (ID: CRD42024627339). The final search was conducted on December 12, 2024, across all databases and PROSPERO.



Eligibility criteria


Inclusion criteria

In this study, the criteria for selecting documents for the systematic review with a meta-analysis were based on the PICOS framework (Population, Intervention/Exposure, Comparator, Outcomes, Study design). The eligibility criteria included the following conditions:


	•Population: Individuals diagnosed with ASD based on standardized criteria (DSM-III, DSM-IV, DSM-5, or ICD-10).

	•Comparator: Neurotypical individuals or those with other neurodevelopmental disorders [e.g., ADHD (Attention-Deficit/Hyperactivity Disorder), intellectual disabilities, Prader-Willi syndrome].

	•Outcomes: Studies reporting emotion recognition accuracy and/or response times as primary outcomes measured using standardized assessment tools.

	•Study Design: Observational or experimental studies with at least 15 participants in both ASD and comparator groups.

	•Setting: Studies conducted in any geographic region were included.

	•Language: Only English-language publications were included. Articles in other languages were considered only if a reliable translation was available.

	•Publication Year: Articles published between January 2006 and September 2024 were included.






Exclusion criteria

Articles were excluded if they:


	•Did not provide sufficient data to calculate effect sizes for emotion recognition accuracy or response times.

	•Focused on populations with unspecified comorbid conditions.

	•Were reviews, editorials, conference abstracts, or unpublished dissertations.

	•Did not include a comparator group.



The titles and abstracts of all retrieved articles were screened using the prespecified inclusion and exclusion criteria before the retrieval of full-text articles for further screening. Two reviewers independently performed the initial screening. In the second step, the two reviewers independently read the full texts of articles that were not excluded in the initial stage and assessed their eligibility based on the inclusion criteria. Discrepancies between the two reviewers were resolved by consensus or through consultation with a third reviewer.



Data extraction

The study selection process was managed using EndNote Desktop version 20.2.1 (25) to organize and remove duplicate records. The initial screening of titles and abstracts was conducted using Rayyan web-based software (26), facilitating the identification of relevant studies. Two medical doctors as independent reviewers meticulously evaluated the studies in two stages: first, by screening titles and abstracts for relevance and subsequently by conducting a full-text review to determine eligibility based on the inclusion and exclusion criteria. Any discrepancies between the reviewers were resolved through discussion or consultation with a third reviewer to ensure consistency and accuracy in the selection process. This procedure is visually represented in the PRISMA flowchart.

Data was systematically extracted from each study using a standardized form to ensure consistency and comprehensiveness. Extracted data encompassed study characteristics such as author(s), year of publication, country of study, and participant details including sample size, age range, sex distribution, intellectual abilities, and comorbidities. Methodological information, including the study design, diagnostic criteria for ASD, types of control groups, and emotion recognition assessment tools, was also recorded. Outcome measures focused on emotion recognition accuracy and response time, with means, standard deviations, and sample sizes for both the ASD and control groups meticulously documented.



Quality assessment

The methodological quality of the included studies was independently assessed by two reviewers using the Newcastle-Ottawa Scale (NOS) for non-randomized studies (27). NOS evaluates studies across three domains: the selection of study groups, the comparability of groups, and the ascertainment of outcomes. Each study could receive up to nine stars, with higher scores reflecting better methodological quality.

Inter-rater reliability for study selection and quality assessment was calculated using Cohen's kappa statistics. Two independent reviewers screened titles and abstracts, as well as full-text articles, and assessed the quality of included studies. Discrepancies were resolved through consensus or consultation with a third reviewer. The inter-rater agreement for the initial title and abstract screening was substantial, with Cohen's kappa κ = 0.82. For full-text screening, the agreement was almost perfect (κ = 0.85). The inter-rater agreement for the quality assessment was κ = 0.80, indicating substantial agreement. The quality scores for all included studies are detailed in the accompanying tables.



Statistical analysis

Statistical analyses were conducted using R version 4.4.2, employing the “metafor' package to perform the meta-analyses. Effect sizes were calculated as standardized mean differences (SMD) with 95% confidence intervals (CIs) for continuous outcomes, specifically, emotion recognition accuracy and response time. A random-effects model was used to account for between-study variability. Meta-analyses were performed to assess overall emotion recognition accuracy, as well as emotion-specific recognition for emotions such as fear, anger, disgust, happiness, sadness, and surprise. Response time analyses were conducted for these specific emotions.

Heterogeneity across studies was evaluated using the I2 statistic and tau-squared (τ2) values, with an I2 value exceeding 50% indicating substantial heterogeneity. When significant heterogeneity was detected, sensitivity analyses were performed by excluding studies that contributed disproportionately to the heterogeneity to assess the robustness of the findings.



Study selection

A total of 13 (28–40) studies were included in this meta-analysis. The selection process is detailed in the PRISMA flowchart (Figure 1), which illustrates the identification, screening, and eligibility stages. The initial search of multiple databases yielded 6,544 records. After removing duplicates and screening the titles and abstracts, 146 full-text articles were assessed for eligibility. Of these, 125 studies were excluded because they did not meet the inclusion criteria, leaving 13 studies in the final analysis.


[image: Figure 1]
FIGURE 1
PRISMA flowchart illustrating study selection.





Results


Study characteristics

The included studies (Table 1) spanned 2006–2024 and represented a diverse set of countries, including Spain, Germany, Korea, Italy, and the USA. The sample sizes ranged from 15 to 71 participants, all diagnosed with ASD, and compared to control groups (healthy controls or individuals with other neurodevelopmental conditions, such as Prader-Willi syndrome, ADHD, or intellectual disabilities). The participants' ages ranged from 6 to 18 years, with various intellectual abilities and comorbidities reported across studies.


TABLE 1 Characteristics of included studies.
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Quality of included studies

The quality of the included studies was assessed using the Newcastle-Ottawa Scale for nonrandomized trials (Table 2). This standardized tool evaluates the methodological rigor of studies based on three domains: selection of study groups, comparability of groups, and outcome ascertainment. Of the 13 studies included in the systematic review, 12 achieved a perfect score of 9/9 on the Newcastle-Ottawa Scale (NOS). However, the meta-analysis was conducted on all 13 studies to ensure comprehensive results. Sensitivity analyses were performed to evaluate the impact of studies with lower NOS scores, confirming that their inclusion did not significantly affect the overall findings.


TABLE 2 Quality assessment using Newcastle-Ottawa scale.
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Meta-analysis results


Overall emotion recognition accuracy

Individuals with ASD demonstrated significantly lower emotion recognition accuracy compared to both neurotypical individuals and those with neurodevelopmental disorders. A weighted meta-analysis yielded an effect size of SMD = −1.29 (95% CI: −2.20 to −0.39, z = −2.80, p < 0.01) for comparisons with neurotypical individuals, with substantial heterogeneity observed across studies (I2 = 82%, τ2 = 1.7887), indicating variability in participant characteristics and methodologies (Figure 2).


[image: Figure 2]
FIGURE 2
Forest plot for overall emotion recognition accuracy in ASD vs. Controls.


Comparisons with neurodevelopmental disorders revealed smaller but still significant deficits, with an effect size of SMD = −0.89 (95% CI: −1.23 to −0.55, p = 0.02). The heterogeneity for this comparison was moderate (I2 = 50%, τ2 = 0.4821), reflecting less variability than observed in comparisons with neurotypical individuals.

The overall emotion recognition accuracy of individuals with ASD was compared to that of healthy controls (HC) using a sensitivity analysis. A significant overall effect was found (z = −7.92, p < 0.01), with a standardized mean difference (SMD) of −0.77 (95% CI: −0.97 to −0.58), excluding Perosanz 2024 (28). This finding indicates that individuals with ASD performed significantly worse on emotion recognition tasks than HC did. Heterogeneity was low to moderate (I2 = 34%, τ2 = 0.0242), suggesting consistency across the studies.




Emotion-specific analyses


Fear emotion recognition accuracy

The meta-analysis of “fear” emotion recognition (Figure 3) found no significant difference between the ASD and neurotypical individuals' groups (z = 0.32, p = 0.75, SMD = 0.17, 95% CI: −0.84 1.18). Heterogeneity was very high (I2 = 86%, τ2 = 3.0090), indicating substantial variability across studies. Similarly, when compared to individuals with other neurodevelopmental disorders, no significant differences were observed for this emotion (SMD = 0.10, 95% CI: −0.67 to 0.87, p = 0.81). These findings suggest that recognizing “fear” emotions may not represent a specific area of difficulty for individuals with ASD.


[image: Figure 3]
FIGURE 3
Forest plot for fear emotion recognition accuracy in ASD vs. Controls.




Anger emotion recognition accuracy

The analysis of “anger” emotion recognition (Figure 4) also found no significant difference (z = −1.06, p = 0.29, SMD = −0.14, 95% CI: −0.39 to 0.12), with moderate heterogeneity (I2 = 52%, τ2 = 0.0928). However, sensitivity analysis excluding Greco 2021 (30) showed a marginally significant effect (z = −1.96, p = 0.05, SMD = −0.19, 95% CI: −0.38 to 0.00), with lower heterogeneity (I2 = 30%). Similarly, comparisons between individuals with ASD and those with other neurodevelopmental disorders revealed no significant differences in recognizing “anger” emotions (SMD = −0.09, 95% CI: −0.45 to 0.26, p = 0.63). These findings indicate that recognizing “anger” emotions does not appear to be a distinguishing difficulty for individuals with ASD.


[image: Figure 4]
FIGURE 4
Forest plot for anger emotion recognition accuracy in ASD vs. Controls.




Disgust emotion recognition accuracy

In the “disgust” emotion recognition meta-analysis (Figure 5), no significant difference was observed (z = 0.72, p = 0.47, SMD = 0.17, 95% CI: −0.29 to 0.62). However, heterogeneity was high (I2 = 74%, τ2 = 0.3136), suggesting considerable variability across studies. Similarly, comparisons between individuals with ASD and those with other neurodevelopmental disorders yielded nonsignificant results for recognizing “disgust” emotions (SMD = 0.12, 95% CI: −0.34 to 0.59, p = 0.61). These findings suggest that difficulties in recognizing “disgust” emotions are not uniquely pronounced in individuals with ASD.


[image: Figure 5]
FIGURE 5
Forest plot for disgust emotion recognition accuracy in ASD vs. Controls.




Happiness emotion recognition accuracy

The analysis of “happiness” emotion recognition (Figure 6) showed a non-significant trend toward poorer recognition in ASD patients (z = −1.65, p = 0.10, SMD = −0.41, 95% CI: −0.89 0.08). The heterogeneity was very high (I2 = 84%, τ2 = 0.5686), indicating substantial variability in the study findings. Similarly, comparisons between individuals with ASD and those with other neurodevelopmental disorders revealed no significant differences in recognizing “happiness” emotions (SMD = −0.25, 95% CI: −0.68 to 0.18, p = 0.26). These findings suggest that difficulties in recognizing “happiness” emotions may not be unique to ASD.


[image: Figure 6]
FIGURE 6
Forest plot for happiness emotion recognition accuracy in ASD vs. Controls.




Sadness emotion recognition accuracy

For the recognition of “sadness” emotions, no significant difference was observed between the ASD and HC groups (z = 0.50, p = 0.62, SMD = 0.15, 95% CI: −0.46 0.77). The heterogeneity was high (I2 = 82%, τ2 = 0.8634), reflecting greater consistency across studies (Figure 7). Similarly, comparisons between individuals with ASD and those with other neurodevelopmental disorders revealed non-significant differences in recognizing “sadness” emotions (SMD = 0.05, 95% CI: −0.49 to 0.59, p = 0.85).


[image: Figure 7]
FIGURE 7
Forest plot for sadness emotion recognition accuracy in ASD vs. Controls.


A sensitivity analysis excluding one study [Tell 2014 (24)] yielded slightly different results, with an effect size of SMD = −0.10 (95% CI: −0.34 to 0.14, z = −0.79, p = 0.43), and heterogeneity was reduced to a mild level (I2 = 38%, τ2 = 0.0511). These findings suggest that recognition of “sadness” emotions does not represent a significant challenge specific to individuals with ASD and remains consistent across study designs.



Surprise emotion recognition accuracy

For the recognition of “Surprise” emotions (Figure 8), no significant difference was observed between the ASD and HC groups (z = 0.82, p = 0.41, SMD = −0.30, 95% CI: −1.02 0.42). The heterogeneity was high (I2 = 88%, τ2 = 0.8058), reflecting greater consistency across studies. Similarly, comparisons with individuals with other neurodevelopmental disorders showed no significant differences in recognizing “surprise” emotions (SMD = −0.21, 95% CI: −0.87 to 0.46, p = 0.54). These findings suggest that recognition of “surprise” emotions is not specifically impaired in individuals with ASD.


[image: Figure 8]
FIGURE 8
Forest plot for surprise emotion recognition accuracy in ASD vs. Controls.





Response time meta-analyses


Overall response time

For overall response times, individuals with ASD demonstrated significantly longer response times compared to neurotypical individuals, with a standardized mean difference (SMD) of 0.50 (95% CI: 0.36–0.63, p < 0.01), indicating that they took more time to process emotional expressions compared to HC. Heterogeneity across studies was low to moderate (I2 = 37%, τ2 = 0.0229), indicating relative consistency in this finding.

In contrast, when comparing individuals with ASD to those with other neurodevelopmental disorders, no significant differences in response times were observed (SMD = 0.12, 95% CI: −0.08 to 0.32, p = 0.15). Heterogeneity for this comparison was moderate (I2 = 40%), reflecting some variability in study results. These findings suggest that prolonged response times in individuals with ASD may be more distinct when compared to neurotypical individuals than to those with other neurodevelopmental disorders.



Fear emotion response time

For “fear” emotion recognition response times, no significant difference was observed among individuals with autism spectrum disorder compared to either neurotypical individuals or those with other neurodevelopmental disorders (SMD = 0.33, 95% CI: −0.05 to 0.71, z = 1.69, p = 0.09). Moderate heterogeneity was observed across studies (I2 = 50%, τ2 = 0.0944), reflecting some variability in the findings.



Anger emotion response time

The analysis of response times for recognizing “anger” emotions showed no significant effect were found across the groups, with an SMD of 0.33 (95% CI: −0.05 to 0.71, z = 1.69, p = 0.09), with moderate heterogeneity (I2 = 50%, τ2 = 0.0944) suggesting consistency in the results.



Happiness emotion response time

No significant difference was observed in response times for recognizing “happiness” emotions when comparing individuals with ASD to either neurotypical individuals or those with neurodevelopmental disorders. The SMD was 0.16 (95% CI: −0.28−0.61, z = 0.72, p = 0.47), although heterogeneity was substantial (I2 = 64%, τ2 = 0.1587), indicating greater variability in study methodologies and populations.





Discussion


Summary of findings

This meta-analysis synthesized findings from 13 studies to evaluate emotion recognition accuracy and response time in individuals with ASD compared with control groups, including healthy controls (HC) and individuals with other neurodevelopmental conditions (NDDs). Results revealed significant impairments in overall emotion recognition accuracy among individuals with ASD compared to both comparator groups, with larger deficits observed when compared to TD individuals (SMD = −1.29, p < 0.01) than to NDDs (SMD = −0.89, p = 0.02). Additionally, individuals with ASD exhibited prolonged response times relative to TD individuals (SMD = 0.50, p < 0.01), though no significant differences were found when compared to NDDs. These findings highlight pervasive challenges in social cognition among individuals with ASD, extending across both accuracy and processing speed.

However, when examining emotion-specific recognition, namely, fear, anger, disgust, happiness, sadness, and surprise, the analyses did not consistently reveal significant differences between the ASD and control groups, although substantial heterogeneity was noted across these specific emotions. Sensitivity analyses, which excluded studies contributing disproportionately to heterogeneity, affirmed the robustness of the overall accuracy deficit (SMD = −0.77, p < 0.01) and highlighted more consistent findings across studies when certain outliers were removed.



Interpretation of results

The observed deficits in emotion recognition accuracy and prolonged response times in individuals with ASD underscore the social communication challenges associated with this condition. Emotion recognition is integral to successful social interactions, and impairments in this domain may contribute to difficulties in forming and maintaining relationships. The significant reduction in accuracy suggests that individuals with ASD may struggle to interpret and respond to emotional cues, potentially leading to the social isolation and interpersonal difficulties frequently reported in this population.

Prolonged response times among individuals with ASD indicate not only difficulties in accurately identifying emotions, but also inefficiencies in processing emotional stimuli. This delay can impede real-time social interactions, where the rapid interpretation of emotional states is often critical for appropriate and timely responses. The combination of lower accuracy and prolonged processing times may lead to social communication challenges, reinforcing the social deficit characteristic of ASD. The non-significant differences in response times between ASD and NDD groups suggest that delayed processing may be a broader characteristic of neurodevelopmental disorders.

The lack of significant differences in emotion-specific recognition across most emotions suggests that emotion recognition impairments in ASD patients may not be uniformly distributed across all emotional categories. However, the high heterogeneity in these analyses indicates that variability in study methodologies, participant characteristics, and assessment tools may obscure consistent patterns, making it difficult to draw definitive conclusions regarding specific emotional deficits. Cultural differences, as noted in some included studies, may influence emotion recognition abilities and error patterns, further contributing to the variability in the findings.



Comparison with previous literature

Palmer et al. (41) investigated the impact of emotional valence on emotion recognition in adolescents with ASD using the Reading the Mind in the Eyes Task (RMET), developed by Baron-Cohen et al. (15). They found that individuals with ASD made more errors on positive and negative valence items, but not on neutral ones, with larger discrepancies observed in the adult version of the RMET than in the child version. Additionally, both emotional valence and language complexity influenced performance disparities in ASD patients. These findings are consistent with those of the current meta-analysis, highlighting how specific emotional contexts and task complexities exacerbate emotion recognition deficits in ASD.

Ozbek et al. (42) conducted a systematic review and meta-analysis to compare social and nonsocial cognition in patients with schizophrenia and ASD. They reported that schizophrenia is associated with more severe non-social cognitive impairments, particularly in fluency and processing speed, whereas ASD is linked to more pronounced social cognitive deficits when matched for non-social cognition or reasoning and problem-solving abilities. This differentiation underscores the distinct cognitive profiles of ASD compared with other developmental disorders, emphasizing the need for targeted interventions addressing ASD-specific cognitive challenges.

Griffin et al. (23) examined the face inversion effect in ASD using behavioral and neural measures. This study demonstrated that autistic individuals exhibit a reduced face inversion effect compared to neurotypical individuals, suggesting diminished specialization in the face processing system. This attenuated inversion effect was more evident in emotion recognition tasks and behavioral measures, supporting the findings of the current meta-analysis on overall emotion recognition deficits in ASD.

The mixed results of emotion-specific analyses align with studies indicating that emotions such as fear and anger may be particularly challenging for individuals with ASD [Perosanz (28)]. However, the lack of consistent significant differences across all emotions in this meta-analysis suggests that emotion recognition impairments in ASD are influenced by multiple interacting factors beyond emotion type.



Sources of heterogeneity

The substantial heterogeneity observed in overall emotion recognition accuracy (I2 = 82%) and across specific emotions indicates considerable variability in the study outcomes. This heterogeneity can be attributed to several factors, including variations in participant characteristics such as age ranges, intellectual abilities, and the presence of comorbid conditions across studies. Differences in study design, diagnostic criteria, and emotion recognition assessment tools also introduce methodological variability that affects comparability across studies. Additionally, cultural and linguistic factors may play a role in emotion recognition abilities, influencing results in diverse populations.

For example, studies conducted in different cultural contexts may use emotion recognition tasks that are culturally biased or interpret emotional expressions differently, contributing to inconsistent findings. Variations in the severity of ASD and the presence of co-occurring conditions, such as ADHD or intellectual disabilities, further complicate the synthesis of results. Moreover, the use of diverse assessment tools, such as the Reading the Mind in the Eyes Test (RMET)and facial emotion recognition tasks, are likely to capture different aspects of social cognition, thereby increasing variability.




Implications for theory, intervention, and future research

The findings of this meta-analysis have significant implications for theoretical models of social cognition in ASD and practical intervention strategies. The robust deficits in overall emotion recognition accuracy and prolonged response times support theoretical frameworks that emphasize impairments in social information processing and emotional empathy in ASD patients. These deficits likely contribute to the broader social communication challenges observed in individuals with ASD, reinforcing the need for interventions targeting both the accuracy and efficiency of emotion recognition.

From a practical standpoint, these results highlight the importance of incorporating emotion recognition training into therapeutic programs for ASD. Such interventions could focus on enhancing the ability to accurately identify and interpret a wide range of emotional expressions as well as improve the speed of processing emotional cues to facilitate more fluid and naturalistic social interactions. Additionally, the variability in emotion-specific findings suggests that personalized intervention approaches may be necessary to address the specific emotional processing challenges faced by individuals with ASD. For example, targeted training to recognize emotions with higher difficulty, such as fear and anger, could be beneficial. Furthermore, integrating findings from comparative studies, such as Ozbek et al. (42), can inform the development of specialized cognitive training programs that address both social and nonsocial cognitive deficits unique to ASD.

Insights from Griffin et al. (23) also suggest that interventions may need to account for the reduced specialization in face processing among individuals with ASD. Incorporating strategies that enhance the ability to process facial orientation, and emotional complexity can further improve emotion recognition. Additionally, leveraging neurobiological findings to inform intervention design may enhance the effectiveness of therapeutic programs aimed at mitigating emotion-recognition deficits.

Future research should aim to mitigate the heterogeneity identified in this meta-analysis by adopting more standardized methodologies for assessing emotion recognition in ASD patients. Using consistent diagnostic criteria, comparable emotion recognition tasks, and homogeneous participant samples regarding age, IQ, and comorbid conditions can enhance the comparability of studies. Longitudinal research is needed to explore the developmental aspects of emotion recognition deficits and their influence on social functioning over time.

Additionally, exploring the neural underpinnings of emotion recognition deficits in ASD through neuroimaging studies can provide deeper insight into the cognitive processes involved. Investigating the role of contextual information integration and examining the impact of cultural factors on emotion recognition abilities can further elucidate the complexities of social cognition in ASD patients. Developing and evaluating targeted interventions aimed at improving both the accuracy and speed of emotion recognition are crucial. Assessing the efficacy of such interventions in diverse populations and settings is essential for translating research findings into practical applications that can enhance social communication skills in individuals with ASD. Moreover, focusing on specific emotions that may be particularly challenging for individuals with ASD, such as fear and anger, could lead to the development of tailored therapeutic strategies addressing these areas.


Limitations

Several limitations should be considered when interpreting the results of this meta-analysis. The considerable variability across studies limits the generalizability of the findings and suggests that pooled effect sizes may not accurately represent the true effect in all contexts. Differences in study design, participant demographics, diagnostic criteria, and emotion recognition tasks contribute to this variability and make it challenging to draw definitive conclusions. Additionally, most of the included studies employed cross-sectional designs, which preclude the assessment of developmental trajectories and causal relationships between ASD and emotion recognition deficits.

Publication bias is another potential limitation, as studies with significant findings are more likely to be published, potentially skewing the meta-analysis results. Although publication bias was assessed using funnel plots and Egger's test, the analyses were not explicitly reported. Future meta-analyses should ensure the inclusion of such assessments to provide a more comprehensive evaluation of evidence. Furthermore, the exclusion of studies that did not provide sufficient data to calculate effect sizes may have led to the omission of relevant research, potentially affecting the overall findings. The reliance on published studies also meant that unpublished data, which might offer valuable insights, were not considered.




Conclusion

This systematic review with a meta-analysis provides compelling evidence for significant deficits in overall emotion recognition accuracy and prolonged response times in individuals with autism spectrum disorder compared to neurotypical individuals and those with other neurodevelopmental disorders. While emotion-specific findings were less consistent, the overarching results underscore the critical role of emotion recognition impairments in the social challenges faced by individuals with ASD. Addressing these deficits through targeted interventions and standardized research approaches is essential for improving social communication skills and quality of life for individuals on the autism spectrum.
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