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A Multimodal Meta-analysis of Brain Hemispheric Language Dominance in Autism 

Spectrum Disorder 

Abstract 

Autism Spectrum Disorder (ASD) is a neurodevelopmental condition characterized by 

differences in social communication and interaction, as well as restricted and repetitive 

behaviors, interests, or activities. ASD is frequently associated with abnormalities in language 

production and comprehension. Consequently, research aimed at identifying the neural 

mechanisms underlying ASD has often focused on the language system. Given that language 

processing is typically characterized by leftward hemispheric specialization, it has been 

proposed that ASD may be associated with atypical patterns of hemispheric asymmetry. 

Despite extensive research investigating functional hemispheric lateralization for language in 

ASD, no quantitative synthesis has comprehensively examined this phenomenon across 

neuroimaging, electrophysiological, and behavioral evidence in ASD. Consequently, the extent 

to which hemispheric specialization differs from that of neurotypical (NT) individuals remains 

unclear.  

A systematic review and meta-analysis of 32 studies, including 35 independent cohorts 

with 629 individuals with ASD and 673 NT controls, integrating findings from multiple 

modalities (i.e., hemodynamic imaging, electrophysiology, and behavioral methods) can help 

address these inconsistencies and clarify whether atypical brain lateralization for language is a 

consistent feature of ASD or varies according to measurement technique, cognitive domain, or 

participant characteristics. 

 The meta-analysis revealed a significant reduction in hemispheric lateralization in 

individuals with ASD compared to NT controls. Overall, these findings suggest that altered 
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hemispheric specialization may represent an important neurobiological characteristic of ASD 

and highlight the relevance of considering language lateralization in future research on autism 

and communication functioning. 

Keywords: Functional asymmetry, hemispheric dominance, handedness, neuroimaging 

methods, electrophysiology, behavioral laterality tasks, neurodevelopmental differences 
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Introduction      

Language and communication differences are among the most prominent characteristics 

associated with ASD, and growing evidence suggests that these differences may be linked to 

atypical patterns of hemispheric specialization for language (Geschwind & Galaburda, 1985; 

Orton, 1925). Patterns such as right hemispheric dominance or more bilateral organization 

have long been proposed as potential neural correlates of ASD. At the same time, it is 

characterized by substantial variability in language development and communication abilities, 

raising the question of whether differences in hemispheric organization may contribute to this 

heterogeneity. Although numerous studies have examined language lateralization in ASD 

using a wide range of methodological approaches, findings remain inconsistent across 

techniques and tasks. The present study therefore aims to provide a systematic and 

quantitative synthesis of the literature, examining whether hemispheric language 

lateralization differs between individuals with ASD and NT controls, and whether 

methodological and participant-related factors moderate these differences. 

Autism spectrum disorder and variability in language 

ASD is a neurodevelopmental condition characterized by differences in social 

communication and interaction, along with restricted and repetitive behaviors, interests, or 

activities (American Psychiatric Association, 2022). In addition to these core diagnostic 

features, ASD is associated with variability in related domains such as language abilities and 

broader cognitive functioning, which are often considered part of the clinical phenotype. 

Furthermore, differences in sensorimotor processing have been proposed as potential 

underlying mechanisms contributing to these behavioral characteristics (Tager-Flusberg & 

Caronna, 2007; Tanner & Dounavi, 2021; Zwaigenbaum et al., 2015).  
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Language development is frequently, though not universally, affected in ASD (Tager-

Flusberg & Caronna, 2007; Zwaigenbaum et al., 2015). Most, but not all, children who have 

ASD have receptive and expressive language impairments (Tager-Flusberg & Caronna, 

2007). According to Lombardo et al. (2015) some individuals with ASD 1are minimally 

verbal throughout life and display high levels of symptom severity and poor clinical outcome 

(Tager-Flusberg & Kasari, 2013). In contrast, others display delayed or typical early language 

development and may have relatively more favorable clinical outcomes (Fein et al., 2013). 

Consistent with this variability, language abilities in ASD can range from being nonverbal to 

exhibiting highly idiosyncratic speech patterns, including echolalia, scripted speech, and 

unusual prosody (tone or inflection) as well as relatively typical language development in 

some individuals (Tager-Flusberg & Caronna, 2007). This heterogeneity has motivated 

increasing interest in identifying the neural mechanisms that may contribute to variability in 

language and communication outcomes in autism. 

Historically, distinctions between autism and Asperger’s disorder reflected 

differences in language development, with the former associated with more pronounced 

language delays and the latter with relatively intact structural language abilities (articulation, 

vocabulary, and grammatical abilities; American Psychiatric Association, 2013; Barahona-

Corrêa & Filipe, 2016). Although both groups show relatively preserved structural language, 

social and pragmatic aspects of language, such as the ability to engage in the give-and-take of 

social discourse, are impaired (Tager-Flusberg & Caronna, 2007). The DSM-5 unified these 

conditions under the broader diagnostic category of ASD, recognizing that individuals on the 

spectrum share core behavioral features while showing substantial variability across cognitive 

and linguistic domains. Contemporary perspectives increasingly frame ASD within a 

 
1
 In this thesis, person-first language (e.g., “individuals with ASD”) is used for consistency with clinical 

literature, while acknowledging ongoing discussions regarding identity-first preferences (Robertson et al., 

2025). 
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neurodiversity framework, emphasizing differences in cognitive and neural organization 

(Floris et al., 2020; Pearson & Hodgetts, 2020). Understanding how such behavioral 

variability relates to underlying neural organization has therefore become an important topic 

in autism research (Eyler et al., 2012; Jouravlev et al., 2020). Given that language is one of 

the most strongly lateralized cognitive functions in the human brain, one line of research has 

examined atypical hemispheric lateralization as a potential neural correlate of variability in 

language and communication in ASD (You et al., 2023), or, more broadly, in domain-general 

neural processing in ASD (Matsuzaki et al., 2019). 

Brain lateralization in autism 

Cerebral lateralization refers to the differential specialization of the left and right 

cerebral hemispheres for distinct cognitive and perceptual processes (Hellige, 2001). In the 

neurotypical population, the left hemisphere is typically dominant for language and motor 

control, whereas the right hemisphere is usually dominant for visuospatial processing (Jia et 

al., 2022; Serrien & O’Regan, 2022; Wang et al., 2019). Researchers have long debated 

whether ASD is associated with atypical patterns of hemispheric specialization, that is, 

differences in how cognitive functions are distributed across the two hemispheres (Orton, 

1925; Geschwind & Galaburda, 1985; Leboyer et al., 1988; Eyler et al., 2012; Jouravlev et 

al., 2020). The idea that atypical hemispheric specialization may be linked to developmental 

differences has a long history in neuroscience (Orton, 1925; Geschwind & Galaburda, 1985; 

Bishop, 2013; Herringshaw et al., 2016; Jouravlev et al., 2020; Pearson & Hodgetts, 2020) 

with early accounts suggesting that deviations from typical left-hemispheric dominance for 

language might be the cause of certain developmental conditions (Orton, 1925; Geschwind & 

Galaburda, 1985). Building on this idea, subsequent research in autism has suggested that 

individuals with ASD may exhibit atypical patterns of hemispheric specialization, often 

characterized by right hemisphere language dominance, reduced lateralization or more 
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bilateral patterns of activation (Leboyer et al., 1988). These differing patterns have led to 

ongoing debate regarding the nature, extent, and functional significance of hemispheric 

lateralization differences in ASD (Jouravlev et al., 2020; Kleinhans et al., 2008) 

Brain lateralization for language in autism 

Language is one of the most strongly lateralized cognitive functions in humans, with 

most individuals showing a greater involvement of the left hemisphere (Nielsen et al., 2014; 

Papadatou-Pastou, 2011). Because variability in language abilities (ranging from structural to 

pragmatic domains) is frequently observed in ASD, alterations in hemispheric organization 

have been proposed as a potential contributor to the linguistic variability seen in individuals 

with ASD (Pearson & Hodgetts, 2020). 

In this regard, Bishop (2013) has proposed four models that illustrate the different 

predictions on the pattern of associations that might be found between genotypes, language 

impairment, and cerebral lateralization. According to the endophenotype model, genes that 

influence risk for language impairment affect cerebral lateralization. This model predicts that 

cerebral lateralization should be at least as heritable as language impairment, with the same 

genes affecting both. The pleiotropy model assumes that the same genes that lead to risk for 

language impairment also affect cerebral lateralization, but without a direct causal link, 

meaning that weak laterality and language impairment co-occur due to their common origins, 

not because one causes the other. Following the additive/interactive risks model, the genetic 

risk factors for language impairment do not affect lateralization and weak laterality, which 

could have genetic and/or non-genetic origins, exerts an independent causal influence on 

language impairment, adding or interacting with other genetic risk factors. Finally, in the 

neuroplasticity model, cerebral lateralization has no causal effect on language; rather, 

language impairment influences how the brain develops and is associated with weaker 

cerebral lateralization (Bishop, 2013). 
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Among the models proposed by Bishop (2013), the strongest version of them, the 

endophenotype model, suggests that atypical hemispheric dominance may play a causal role 

in language-related difficulties, potentially contributing to developmental conditions. In the 

neurotypical population, language lateralization is strongly left-hemispheric, with 

approximately 95% of right-handers and around 70% of left-handers showing left-dominant 

language processing (McManus, 2019; Pujol et al., 1999; Szaflarski et al., 2002). Although 

right-hemisphere dominance for language can occur naturally, particularly among left-handed 

individuals and seemingly occurs without impairing language (Knecht et al., 2003; Gerrits et 

al., 2020), it is relatively uncommon (Mazoyer et al., 2014). 

In autism, however, atypical patterns of hemispheric dominance may be more 

frequent. Consistent with this view, individuals with ASD show elevated rates of non-right-

handedness (Markou et al., 2017; Packheiser et al., 2023), which has been interpreted as 

reflecting increased variability in hemispheric specialization rather than a systematic reversal 

of dominance (Pearson & Hodgetts, 2020). Given that there is a greater rate of non-right-

handedness in autism (Markou et al., 2017; Packheiser et al., 2023) it may be an indirect 

indication of greater atypical language dominance (Knecht et al., 2000; Papadatou-Pastou et 

al., 2020). However, handedness alone cannot account for variability in hemispheric 

organization as differences persist even when handedness is controlled for (Lindell & Hudry, 

2013; Herringshaw et al., 2016). Together, these findings suggest that ASD and non-right-

handedness may reflect broader neurodevelopmental mechanisms associated with reduced 

constraints on hemispheric specialization (Bishop, 2013; Francks, 2015; Soper, 1986). 

Nevertheless, existing findings on the relationship between these factors are mixed and have 

not been systematically integrated, making it unclear whether their effects are additive or 

arise from shared underlying processes. This highlights the importance of considering 

handedness as a potential moderating variable in studies of language lateralization in ASD. 
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Neuroimaging evidence of language lateralization in autism 

Hemispheric asymmetry in autism has been examined using a wide range of 

methodological approaches, each capturing different aspects of brain function and 

organization. Hemodynamic neuroimaging techniques such as functional magnetic resonance 

imaging (fMRI) and functional near-infrared spectroscopy (fNIRS) assess hemodynamic 

responses associated with neural activity (e.g., Eyler et al., 2012; Kleinhans et al., 2008; Lai 

et al., 2024), offering relatively high spatial resolution but limited temporal precision. 

Findings from these approaches frequently report reduced left-hemispheric activation or 

increased bilateral involvement during language processing in ASD (Anderson et al., 2010; 

Eyler et al., 2012; Flagg et al., 2005 Jouravlev et al., 2020; Knaus et al., 2010; Kleinhans et 

al., 2008; Redcay & Courchesne, 2008), although some studies have also observed relatively 

typical patterns of lateralization or non-significant group differences under specific task 

conditions (e.g., Eyler et al., 2012; Knaus et al., 2010). 

In contrast, electroencephalography (EEG) and magnetoencephalography (MEG) 

provide fine-grained temporal information about neural processing, though with more limited 

spatial localization. Studies using these techniques similarly suggest atypical hemispheric 

responses during speech perception and language processing across development (Coderre et 

al., 2017; Finch et al., 2017; Minagawa-Kawai et al., 2009; Yoshimura et al., 2013; Yu et al., 

2023), supporting the notion that differences in lateralization may emerge at early stages of 

auditory and linguistic processing. 

Other approaches, including dichotic listening tasks, and visual half-field paradigms, 

provide indirect or behavioral indices of hemispheric specialization (e.g., Dawson et al., 

1982; Saban-Bezalel & Mashal, 2015). Findings from these paradigms have also been mixed, 

with some studies indicating reduced or atypical lateralization, while others report more 

typical patterns depending on task characteristics and participant profiles. 
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Across these methodological approaches, findings on hemispheric lateralization in 

ASD have been heterogeneous. Some studies report reduced asymmetry, reflecting weaker 

left-hemispheric dominance (Eyler et al., 2012; Herringshaw et al., 2016; Jouravlev et al., 

2020; Kleinhans et al., 2008; Knaus et al., 2010), whereas others report reversed asymmetry 

or atypical patterns, indicating a shift toward right-hemispheric dominance (e.g. Floris et al., 

2021; Lindell & Hudry, 2013). One possible reason for these heterogeneous findings is that 

language itself comprises multiple interacting processes that may differ in their hemispheric 

organization.  

For example, language processing and production range from low-level auditory and 

phonological analysis to higher-order semantic, pragmatic, and integrative processes (Hickok 

& Poeppel, 2007; Peelle, 2012). Furthermore, these different aspects of language are not 

uniformly lateralized and may differ in both the degree and direction of hemispheric 

specialization (Parker et al., 2022; Tailby et al., 2017). Consequently, atypical lateralization 

in ASD could potentially emerge across multiple points along this processing chain rather 

than being limited to a single linguistic operation or level of complexity. This highlights the 

importance of examining hemispheric asymmetry across multiple linguistic domains and 

measurement techniques to better understand whether atypical lateralization in ASD reflects a 

domain-general characteristic of language organization or is more strongly associated with 

specific aspects of language processing and verbal communication. 

Rationale for a quantitative synthesis 

Despite decades of research, the extent to which hemispheric specialization for 

language differs between individuals with ASD and NT individuals remains unclear. (e.g., 

Eyler et al., 2012; Kleinhans et al., 2008; Leboyer et al., 1988). Previous studies have 

reported heterogeneous findings, including reduced left-hemispheric dominance, rightward 

shifts, and relatively typical patterns of lateralization (Eyler et al., 2012; Jouravlev et al., 
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2020; Kleinhans et al., 2008; Knaus et al., 2010). Such variability has been attributed to 

differences in methodological approaches and participant characteristics, including variation 

in measurement techniques, task design, and sample composition. 

Previous quantitative syntheses have primarily focused on handedness. Meta-analyses 

consistently report elevated levels of non-right-handedness in individuals with ASD (Markou 

et al., 2017; Packheiser et al., 2023: Preslar et al., 2014). However, handedness provides only 

an indirect behavioral marker of hemispheric organization and does not directly assess 

language lateralization. 

Other meta-analytic work has examined neural activation patterns during language 

processing in ASD. For example, Herringshaw et al. (2016) conducted an activation 

likelihood estimation (ALE) meta-analysis of fMRI and PET studies investigating language 

processing in ASD, identifying atypical activation patterns across language-related networks. 

Similarly, large-scale structural neuroimaging studies have reported altered anatomical 

asymmetries in several cortical regions (Postema et al., 2019). However, unlike the present 

study, their meta-analysis did not directly quantify hemispheric asymmetry or lateralization 

indices. Because ALE approaches rely on reported activation coordinates, they may 

underestimate the involvement of the non-dominant hemisphere, as weaker or non-significant 

activations are often not reported in primary studies. In contrast, the present meta-analysis 

directly examined effect sizes reflecting hemispheric lateralization and included a broader 

range of methodologies beyond fMRI and PET, including electrophysiological and 

behavioral paradigms. 

Additionally, these approaches either focus on structural asymmetry or are restricted 

to a single methodological modality. Importantly, structural asymmetries do not necessarily 

map directly onto functional language lateralization, as evidence from neurotypical 

populations suggests only a weak and inconsistent relationship between brain anatomy and 
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hemispheric dominance for language (Andrulyte et al., 2026; Gerrits et al., 2022). This 

limitation highlights the need for approaches that integrate functional measures of 

lateralization across multiple methods. There is currently no comprehensive quantitative 

synthesis integrating functional hemispheric lateralization across neuroimaging, 

electrophysiological, and behavioral paradigms, therefore, such a synthesis is necessary to 

determine whether atypical language lateralization represents a consistent characteristic of 

ASD or whether observed differences vary systematically depending on methodological and 

participant-related factors. 

The present study aims to quantitatively synthesize the literature on hemispheric 

language lateralization in individuals with ASD compared to neurotypical controls across 

multiple methodological approaches. 

Specifically, the study addresses the following research questions: 

1. Do individuals with ASD show atypical hemispheric language lateralization 

compared to neurotypical individuals? 

2. Do demographic factors such as age, sex, and handedness, and methodological 

factors such as task characteristics and measurement technique moderate the group 

differences in lateralization? 

Based on previous theoretical and empirical work suggesting greater variability in 

hemispheric specialization in autism (Lindell & Hudry, 2013; Pearson & Hodgetts, 2020), we 

hypothesize that individuals with ASD will show more atypical hemispheric lateralization 

compared to NT controls.  

To address these questions, we (1) estimated the overall effect size and direction of 

group differences in hemispheric lateralization between ASD and NT samples, and (2) 

examined potential moderators of lateralization outcomes, including handedness difference, 

task characteristics, measurement technique (electrophysiological:  EEG, MEG, 
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hemodynamic: fTCD, fNIRS, and behavioral: dichotic listening, visual half-field), age, and 

male proportion difference. Additionally, we evaluated the robustness of findings by 

assessing heterogeneity, sensitivity and conducting small-study effects, and publication bias 

analysis. 

Methods 

The reporting of the systematic review and meta-analyses follows the PRISMA 

statement guidelines (Page et al., 2020). The PRISMA 2020 Main Checklist, as well as the 

PRISMA 2020 Abstract Checklist were part of the Supplementary Material. The main 

methodology, research questions, and main analysis of the study were preregistered on OSF 

(https://osf.io/ur5cv/registrations) 

Search strategy 

The search strategy aimed for completeness. The studies that were included in the 

meta-analysis were collected through comprehensive searches in the electronic databases 

MEDLINE, Scopus, PubMed, and Google Scholar, for which the first 200 hits were screened 

(from inception until the most recent date of data collection: February, 2026) using 

combinations of relevant keywords applied to title and abstract fields (and database-specific 

indexing terms where applicable). Reports had to be written in English, Spanish, German, 

Dutch, or Greek to be included (i.e., the languages spoken by the research team). The search 

strategy was conducted using English search terms, and relevant studies in other languages 

were identified where available. 

The search terms combinations of keywords covered: 

1. Population: (“autism”, “autistic”, “ASD”, “autism spectrum disorder”), 

2. Phenomenon: (“lateralization”, “lateralisation”, “laterality”; “cerebral asymmetry”, 

“cerebral dominance”, “cerebral laterality”, “specialization”, “specialisation”, “hemispheric 

dominance”, “hemisphere dominance”), 
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3. Techniques: (“Electroencephalography”, “EEG”, “Magnetoencephalography”, 

“MEG”, “Functional Magnetic Resonance Imaging”, “fMRI”, “functional transcranial 

Doppler”, “fTCD”, “Functional Near-Infrared Spectroscopy”, “fNIRS”, “dichotic listening”, 

“divided visual field”, “visual half-field”).  

Email requests were sent to the authors of the included articles to obtain missing 

information or unpublished datasets (including those studies whose inclusion depends on 

access to unreported data); a reminder was sent after a week, and a response was awaited for 

one more week. In total, 7 authors were contacted; 1 provided additional data, while 6 did not 

respond. As a result, 6 studies were excluded due to insufficient data. 

Study selection 

The open-source reference management software Zotero v.5.0.96.3 (Roy Rosenzweig 

Center for History and New Media, 2021) was employed to compile a database of all 

retrieved records and to detect and merge duplicates. Screening proceeded in sequence 

through titles, abstracts, and finally full texts. SP and RG conducted the study selection 

independently, with discrepancies resolved as followed: (i) during the title and abstract 

screening stages, any record accepted or marked as uncertain by at least one reviewer 

advanced to the next phase, and (ii) disagreements at the full-text stage were settled through 

discussion until consensus was reached. This deliberately inclusive screening procedure was 

jointly developed and pilot-tested by both reviewers using at least one randomly-selected 

paper per technique before the start of the screening phase.      

Inclusion and exclusion criteria 

The following were the inclusion and exclusion criteria for studies to be part of the 

meta-analysis: 

Participants: a) Eligible studies included individuals diagnosed with ASD according 

to formal diagnostic criteria (e.g., DSM-IV, DSM-5, DSM-5-TR, ICD-10), and a comparison 
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group of NT controls. Studies with parent or teacher reports of autism traits without formal 

diagnosis were not included. b) Studies explicitly reporting participants with overt brain 

damage, neuropathy, or psychotic comorbidities (e.g., schizophrenia, bipolar disorder, 

schizoaffective disorder) in the ASD or control group were not included. c) Studies including 

participants of any age range (children, adolescents, or adults) were considered. d) At 

minimum, studies reported the sample size per group and assessment method used to define 

ASD status. 

Assessment of hemispheric lateralization: Studies directly assessed functional 

hemispheric lateralization, using one or more of the following techniques: 

Electrophysiological (i.e., EEG, MEG), hemodynamic (i.e., fMRI, fTCD, fNIRS), and 

behavioral laterality paradigms (i.e., dichotic listening, visual half-field task). 

Publication type: Case studies of individuals with ASD were not included. In addition 

to peer-reviewed articles, grey literature (e.g., theses and manuscripts available through 

institutional repositories or academic platforms such as ResearchGate) were included when 

retrieved through database searches.  

The database search was conducted in February 2026 across PubMed (February 5, 

2026), Scopus (February 5, 2026), and Google Scholar (February 9, 2026). In total, 1056 

records were identified through database searches. After removing 340 duplicate records, 716 

unique records remained for screening. Titles and abstracts of these records were 

independently screened by two reviewers (SP and RG), resulting in the exclusion of 639 

records that did not meet the inclusion criteria. 

The remaining 77 articles were assessed for eligibility through full-text screening. Of 

these, 39 studies were excluded for the following reasons: (a) No assessment of functional 

hemispheric specialization for language (n = 31), (b) No mention of formal diagnostic 

criteria/method used to define autism (n = 2), (c) Case-series study without comparison of 
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hemispheric specialization with control group (n = 1), (d) Full text language did not meet 

inclusion criteria (n = 1), (e) No group comparison of hemispheric specialization between 

ASD and neurotypicals done (n = 1), (f) Overlapped samples (n = 2), (g) Task stimuli non-

linguistic in nature (n = 1) 

A total of 38 studies met the inclusion criteria for the systematic review. Of these, 31 

studies initially provided sufficient quantitative data for inclusion in the meta-analysis. 

Additional information obtained from one author allowed one further study to be included, 

resulting in a final sample of 32 studies in the quantitative synthesis. The remaining six studies 

were excluded from the meta-analysis due to insufficient data. 

The studies included in the meta-analysis were published between 1982 and 2024 and 

comprised a total of 629 individuals with ASD and 673 neurotypical controls across 35 

independent cohorts and 73 effect sizes. Of the included effect sizes, 18 were derived from 

behavioral methods, 35 from electrophysiological methods, and 20 from hemodynamic 

techniques. 

The study selection process is summarized in the PRISMA 2020 flow diagram (Figure 1). 
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Figure 1  

PRISMA 2020 flow diagram 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Data extraction and preparation  

Data extraction was conducted independently by the same two reviewers who carried 

out the literature search (SP and RG), using a data extraction form adapted explicitly for this 

review and meta-analysis. Before the formal extraction process, the form was piloted on at 

Records identified from: 
PubMed (n = 253) 
Google Scholar (n = 210) 
Scopus (n = 593) 

Records removed before 
screening: 

Duplicate records removed  
(n = 340) 

Records screened 
(n = 716) 

Records excluded 
(n =639) 

Reports sought for retrieval 
(n =77) 

Reports not retrieved 
(n =0) 

Reports assessed for eligibility 
(n = 77) 

Reports excluded: 
a) No assessment of functional 

hemispheric specialization 
for language (n = 31) 

b) No formal ASD diagnosis (n 
=2)  

c) Case study (n =1) 
d) Full text in language other 

than English, Spanish, 
German, Greek or Dutch (n 
=1) 

e) No group comparison of 
hemispheric specialization 
between ASD and NT 
samples (n = 1),  

f) Overlapped samples (n=2), 
g) Task stimuli non-linguistic in 

nature (n=1) 
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least one randomly-selected paper per technique to ensure that all variables were extracted. 

Any discrepancies between reviewers were resolved through discussion until consensus was 

reached.  

Inter-rater reliability was assessed using Cohen’s kappa. Agreement was low for 

title/abstract screening (κ = −0.08), reflecting substantial variability in initial screening 

decisions, and moderate for full-text screening (κ = 0.43), indicating improved agreement 

following more detailed evaluation of eligibility criteria (Landis & Koch, 1977). Lower 

agreement at the title/abstract stage is common in systematic reviews due to limited 

information available at this stage and the broader inclusion criteria applied during initial 

screening. 

Each study was assigned a unique study identifier. When a single study reported 

multiple eligible hemispheric asymmetry outcomes (e.g., different tasks, brain regions, or 

lateralization indices), each outcome was extracted separately and assigned a unique effect-

size identifier while retaining its linkage to the original study. Likewise, studies reporting 

comparisons between multiple groups were coded at the cohort level to distinguish separate 

contrasts. 

The following information was extracted from each study: 

Study-level descriptive variables. We recorded the year of publication and the country 

in which the study was conducted. If this information was not reported, the country of the 

corresponding author was used as a proxy. We documented whether the primary aim of the 

study was to compare hemispheric language lateralization between ASD and neurotypical 

groups, as well as preregistration status (yes/no), including registry platform and registration 

identifier when available. A general description of the study sample was extracted, including 

whether multiple ASD subgroups were reported and the characteristics of each subgroup (e.g., 
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functioning level). Sample sizes were recorded separately for ASD and NT groups, along with 

the total number of participants included in analyses. 

Participant characteristics as descriptive variables and modulators. The sex of 

participants in each cohort was recorded as male or female. Within each cohort (i.e., each ASD–

NT comparison), the proportion of male participants was calculated separately for each group 

and then averaged across groups. Age was also extracted as the mean, standard deviation, and 

range if available for each group. When available, minimum and maximum ages were also 

recorded. Information on autism diagnosis (e.g., clinical evaluation, standardized diagnostic 

instruments, or questionnaire-based measures) and autism severity (low, medium, high 

functioning, or mixed samples) were extracted. We recorded verbal, nonverbal, and mean, 

standard deviation, range, and total IQ scores for each group, along with the assessment 

instrument used, as well as any additional language-related measures independent of IQ. 

Reported comorbidities in ASD or NT groups (e.g., ADHD or language disorders) were also 

documented. Handedness was coded in detail, including (a) the number of participants in each 

handedness category for each group, (b) mean handedness scores, standard deviations, and 

range if available, (c) the measurement instrument used (e.g., Edinburgh Handedness 

Inventory; Oldfield, 1971), and (d) the classification scheme applied. 

Method and paradigm characteristics as descriptive variables or modulators.  We 

extracted detailed information on the methodological approach used to assess hemispheric 

asymmetry. This included the measurement technique (electrophysiological:  EEG, MEG, 

hemodynamic: fTCD, fNIRS, and behavioral: dichotic listening, visual half-field), the brain 

regions examined (e.g., whole brain, lobes, specific regions-of-interest), and task 

characteristics, including task type (e.g., verbal fluency), task mode (production vs. 

comprehension), linguistic complexity (phoneme, word, sentence, discourse, prosody), 

linguistic operations (phonological, semantic, phonological-semantic, syntactic, prosodic, 
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interfacing), and stimulus modality (auditory vs. visual). We also recorded the presence and 

nature of control conditions, as well as the number and type of experimental conditions.  

Descriptive information about the operationalization of hemispheric lateralization. For 

each study, we documented how hemispheric lateralization was defined and computed. This 

included the underlying measures used to quantify left- and right-hemispheric activity or 

performance (e.g., behavioral measures such as reaction times or accuracy; neurophysiological 

measures such as voxel counts, beta weights, or ERP amplitudes). We registered whether the 

primary outcome was behavioral, neurophysiological, or both, and whether relationships 

between brain asymmetry and behavioral performance were examined. The specific laterality 

index (LI) formula used (e.g., L–R, (L–R)/(L+R), ratio scores) was extracted, along with 

thresholding and preprocessing decisions that may influence LI computation (e.g., statistical 

thresholds, threshold-independent methods, whole-brain vs. ROI-based analyses). 

Classification procedures were also documented, including lateralization categories (left, right, 

bilateral), cut-off criteria, and whether classification was based on categorical or continuous LI 

distributions. 

Outcome variables. To calculate effect sizes representing the group difference in 

hemispheric asymmetry between ASD and NT individuals, we extracted (a) the mean and 

standard deviation of the LI or equivalent asymmetry measure for each cohort, (b) any reported 

statistics that permit calculation of standardized effect sizes (e.g., t-values, F-values, p-values, 

correlations, regression coefficients, or group difference estimates), and (c) the proportions of 

participants classified as left-, right-, or bilaterally lateralized within each cohort when 

categorical outcomes were reported. These descriptives and statistics were converted to 

Hedges’ g for continuous outcomes and odds ratios for categorical outcomes, using a website 

(Wilson, 2023). If only p value thresholds were reported (e.g., p < .05), this value was used to 

calculate the Hedges’ g effect sizes. All effect sizes represented the difference in hemispheric 
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asymmetry between ASD and NT groups and were calculated such that negative values 

reflected reduced left lateralization (or greater rightward asymmetry) in the ASD group relative 

to the NT group. 

Finally, for each study, we also recorded whether sufficient data was available for 

inclusion, and which data was missing. When necessary, attempts were made to obtain missing 

information by contacting study authors. All attempts to obtain missing information from study 

authors were documented, including dates and responses. Notes regarding data extraction 

decisions were maintained to ensure transparency and reproducibility. 

Results 

Descriptive characteristics of included studies 

Descriptive characteristics of the studies included in the meta-analysis are summarized 

in Table 1–4 (Table 4 is provided in the Appendix). A total of 32 studies comprising 35 

independent cohorts were included, yielding 73 effect sizes. Across these cohorts, the total 

sample consisted of 629 individuals with ASD and 673 NT controls. 

The mean sample size per cohort was 17.97 participants in the ASD group (range = 4–

36) and 19.23 participants in the NT group (range = 4–38). The mean age of participants was 

comparable across groups (ASD: M = 15.05 years, range = 5.42–27.20; NT: M = 14.76 years, 

range = 5.17–27.30). with no significant difference between groups, 𝑡(33) = 0.75, 𝑝 =

.461.The proportion of male participants was higher in the ASD group (M = 0.88, range = 

0.67–1.00) than in the NT group (M = 0.80, range = 0.00–1.00) 𝑡(32) = 2.26, 𝑝 = .031. In 

contrast, the proportion of right-handed participants was highly similar across groups (ASD: 

𝑀 = 0.90; NT: 𝑀 = 0.90), and this difference was not statistically significant, 𝑡(30) =

−0.80, 𝑝 = .428.  

The geographical distribution of studies is presented in Table 3, with the majority of 

studies conducted in the United States and Japan. 
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Table 1  

General characteristics of studies 

Characteristic Value 

Number of studies 32 

Number of cohorts 35 

Mean difference in male proportion (ASD–NT) 0.08 

Mean handedness difference (ASD–NT) -0.02 

 

Table 2 

Descriptive characteristics of studies 

Characteristic ASD NT 

Total sample size 629 673 

Mean sample size per cohort 17.97 19.23 

Mean age (years) 15.05 14.76 

Mean male proportion 0.88 0.80 

Mean right-handedness 0.90 0.90 

 

Table 3 

Geographical distribution of studies 

Country n 

USA 20 

Japan 6 

Canada 2 

China 2 

Israel 2 

Australia 1 

India 1 

UK 1 

 

Overall effect of hemispheric lateralization 

The overall meta-analytic effect was estimated using a robust variance estimation 

(RVE) model. Results revealed a significant negative effect size, indicating reduced typical 

hemispheric lateralization in individuals with ASD compared to neurotypical controls, b = 

−0.39, 95% CI [−0.58, −0.20], p < .001. A classical random-effects model yielded a highly 

similar estimate, g = −0.39, 95% CI [−0.52, −0.26], p < .001, confirming the robustness of the 
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effect. The distribution of individual effect sizes and the pooled estimate are illustrated in 

Figure 3 (see Appendix). 

Heterogeneity and outliers 

There was substantial heterogeneity across studies, with an estimated τ² = 0.22 and I² = 

68.72%, indicating that a large proportion of variability in effect sizes was due to true 

differences between studies rather than sampling error. The test for heterogeneity was 

significant, Q(72) = 217.97, p < .001 

Outlier analysis based on standardized residuals identified four effect sizes exceeding 

|z| > 2. These outliers were retained in the main analyses, as they likely reflect genuine 

variability across studies rather than data errors.  

Sensitivity analysis 

A sensitivity analysis excluding effect sizes with standardized residuals exceeding |z| > 

2 was conducted to evaluate the robustness of the findings. After excluding four outlier effect 

sizes, the overall effect remained highly similar and statistically significant in both the RVE 

model, b = −0.41, 95% CI [−0.60, −0.22], p < .001, and the conventional random-effects model, 

g = −0.41, 95% CI [−0.54, −0.28], p < .001. Heterogeneity estimates were also slightly reduced 

(I² = 67.54%). These findings suggest that the overall reduction in hemispheric lateralization 

in ASD was not driven by extreme effect sizes. 

Small-study effects and publication bias 

Visual inspection of the funnel plot did not reveal substantial asymmetry (Figure 3). 

Egger’s regression test was non-significant, 𝑧 = −1.29, 𝑝 = .196, providing no strong 

evidence for small-study effects or publication bias. 

A trim-and-fill analysis estimated that no studies were missing on the right side of the 

funnel plot (𝑘0 = 0). The adjusted overall effect size remained virtually identical to the original 

estimate, 𝑔 = −0.39, 95% CI [−0.52,−0.26], suggesting that the observed reduction in 
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hemispheric lateralization in ASD was unlikely to be substantially influenced by publication 

bias. 

Figure 2  

Funnel plot of effect sizes included in the meta-analysis 

 

Note. Visual inspection did not indicate substantial asymmetry, suggesting limited evidence 

for small-study effects or publication bias. 

Moderator analyses 

Age 

Mean age of participants did not significantly moderate the effect size, b = −0.013, 

t(6.39) = −0.656, p = .535, suggesting that differences in hemispheric lateralization between 

ASD and NT groups were not influenced by participant age. 

Male proportion difference (ASD – NT) 

The difference in male proportion between ASD and NT groups significantly 

moderated the effect size, b = 2.64, t(3.96) = 6.33, p = .003. Specifically, studies in which the 

ASD group included a relatively higher proportion of males compared to the control group 
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tended to show more positive effect sizes, indicating a less pronounced reduction in 

hemispheric lateralization in ASD relative to NT controls. However, this result should be 

interpreted cautiously given the relatively low degrees of freedom associated with the analysis 

(df = 3.96). 

Handedness difference (ASD – NT) 

The difference in right-handedness between groups was not a significant moderator, b 

= 0.31, t(6.47) = 0.57, p = .589. This suggests that variations in handedness composition 

between ASD and NT samples did not reliably explain differences in lateralization outcomes. 

Studies with missing handedness information in either group were excluded from the 

handedness moderator analysis. Consequently, this analysis included 28 studies, comprising 

548 participants with ASD and 597 neurotypical controls. 

Technique group 

The type of technique used (electrophysiological, behavioral, or hemodynamic) did not 

significantly moderate the effect size. The intercept indicated that electrophysiological studies 

showed a significant reduction in hemispheric lateralization in ASD (b = −0.41, t(12.28) = 

−3.72, p = .003). Relative to electrophysiological methods, behavioral techniques showed more 

positive effect sizes, whereas hemodynamic techniques showed more negative effect sizes; 

however, neither contrast was statistically significant (behavioral: b = 0.27, t(3.37) = 1.73, p = 

.173; hemodynamic: b = −0.20, t(17.47) = −0.83, p = .419). Overall, these findings suggest that 

the observed reduction in hemispheric lateralization in ASD is consistent across different 

methodological approaches. 

Exploratory analyses: task-related moderators 

Exploratory analyses were conducted to examine whether task characteristics 

influenced the observed reduction in language lateralization. For mode of the task, the majority 

of effect sizes were derived from language comprehension tasks (k = 65). The intercept for 
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comprehension tasks indicated a significant reduction in lateralization in ASD (b = −0.41, 

t(14.87) = −4.33, p < .001). No reliable effects were observed for production tasks (k = 5; b = 

0.55, t(1.76) = 0.87, p = .489) or for tasks combining comprehension and production (k = 3; b 

= −0.22, t(1.08) = −2.15, p = .262). However, these findings should be interpreted with caution 

due to the small number of effect sizes in the production (k = 5) and combined comprehension–

production categories (k = 3), as well as the very low degrees of freedom associated with these 

analyses (df = 1.76 and 1.08, respectively). 

For linguistic complexity, the intercept corresponding to word-level processing (k = 38) 

was not statistically significant (b = −0.20, t(8.04) = −1.81, p = .107). Compared to word-level 

processing, phoneme-level tasks (k = 14) were associated with significantly greater reductions 

in lateralization (b = −0.41, t(14.40) = −2.93, p = .011). In contrast, sentence-level (k = 17; b = 

−0.34, t(5.21) = −1.19, p = .287) and syllable-level processing (k = 3; b = −0.30, t(1.18) = 

−1.48, p = .350) did not significantly differ from word-level tasks. Compared to word-level 

processing, discourse-level tasks (k = 1) showed a large reduction in lateralization (b = −1.46, 

t(8.04) = −12.97, p < .001). However, this category was represented by only one effect size and 

should therefore be interpreted with extreme caution. For linguistic operations, the intercept 

for semantic processing (k = 40) indicated reduced lateralization in ASD (b = −0.38, t(6.63) = 

−2.64, p = .035). While orthographic (k = 7; b = 0.13, t(2.17) = 0.58,  p = .619), phonological 

(k = 21; b = −0.03, t(15.19) = −0.17, p = .869), phonological-semantic (k = 2; b = −0.49, t(1.08) 

= −0.70, p = .606), and prosodic operations (k = 2; b = 0.40, t(1.09) = 1.62, p = .336) did not 

significantly differ from semantic processing. In contrast, interfacing operations (k =1) showed 

a large reduction in lateralization (b = −1.28, t(6.63) = −8.92, p < .001). However, this category 

was represented by only one effect size and should therefore be interpreted cautiously. 

Finally, modality (auditory vs. visual) did not significantly moderate the effect. 

Although a significant reduction in lateralization was observed in auditory tasks (k = 23; b = 
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−0.40, t(10.50) = −3.15, p = .010), visual tasks (k = 50) did not significantly differ from auditory 

tasks (b = 0.02, t(17.90) = 0.12, p = .903), indicating that reduced lateralization in ASD is 

consistent across modalities. 

Discussion 

The present meta-analysis examined hemispheric lateralization of language-related 

processes in individuals with ASD compared to NT controls. Across 35 independent cohorts 

and 73 effect sizes, the results revealed a significant overall reduction in lateralization in ASD. 

Specifically, individuals with ASD showed less typical hemispheric specialization, indicating 

atypical patterns of neural organization. Reduced leftward lateralization was consistent across 

analytical approaches, as both the RVE model and the conventional random-effects model 

yielded highly similar results. Despite moderate-to-substantial heterogeneity across studies, the 

direction of the effect was remarkably stable, confirming the robustness of atypical language 

lateralization as a recurrent characteristic observed across ASD studies. 

Moreover, analyses examining small-study effects and publication bias did not indicate 

substantial asymmetry in the distribution of effect sizes. Egger’s regression test was non-

significant, and the trim-and-fill procedure did not identify evidence of missing studies, further 

reinforcing the robustness of the overall effect. 

Moderator analyses further suggested that reduced lateralization was relatively stable 

across age, handedness composition, modality, and methodological approach. However, 

exploratory task-related analyses indicated that the magnitude of atypical lateralization may 

vary across different linguistic processes and levels of complexity, with stronger effects 

observed in some sublexical language tasks. In addition, male proportion differences between 

ASD and NT groups significantly moderated effect sizes, suggesting that sample composition 

may contribute to variability across studies. 
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Reduced lateralization as a core feature of ASD 

The finding of reduced hemispheric lateralization is consistent with a large body of 

previous research suggesting atypical neural specialization for language in ASD. For instance, 

Eyler et al. (2012) demonstrated a failure of the left temporal cortex to specialize for language 

early in development, proposing this as a fundamental characteristic of autism. Similarly, 

Herbert et al. (2002), Kleinhans et al. (2008) and Knaus et al. (2010) reported atypical 

functional and structural lateralization patterns in language networks. The present findings are 

also generally consistent with the meta-analysis conducted by Herringshaw et al. (2016), which 

identified atypical activation patterns within language-related neural networks in ASD using 

ALE techniques applied to fMRI and PET studies. However, the approach used by 

Herringshaw et al. (2006) differed substantially from the present meta-analysis. Their study 

focused on convergent patterns of neural activation during language processing, whereas the 

current meta-analysis directly quantified hemispheric asymmetry using laterality indices and 

related measures across multiple methodological approaches, including electrophysiological 

and behavioral paradigms in addition to hemodynamic imaging. Moreover, ALE-based 

approaches may underestimate involvement of the non-dominant hemisphere because right-

hemisphere activations are often weaker, inconsistently reported, or fail to reach statistical 

significance in individual studies (Eickhoff et al., 2012). By directly examining hemispheric 

asymmetry, the present findings extend previous neuroimaging work by showing that atypical 

language organization in ASD involves not only altered activation within language-related 

regions but also reduced typical hemispheric specialization at a broader systems level. 

More recently, Jouravlev et al. (2020) also provided strong individual-level evidence 

for reduced language lateralization in both ASD and the broader autism phenotype, aligning 

closely with the present meta-analytic findings. Together, these studies support the notion that 
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reduced lateralization is not merely task-specific but may reflect a broader neurodevelopmental 

difference in how language networks are organized in ASD. 

Potential mechanisms underlying atypical lateralization 

Several mechanisms may explain the observed reduction in lateralization. One 

prominent account suggests reduced specialization of left-hemisphere language regions, 

accompanied by increased or compensatory involvement of right-hemisphere homologues 

(Eyler et al., 2012; Jouravlev et al., 2020). This interpretation is supported by findings showing 

atypical activation patterns across both hemispheres during language processing (e.g., 

Anderson et al., 2010; Herringshaw et al., 2016; Takeuchi et al., 2004). 

Another possibility is that reduced lateralization reflects differences in developmental 

trajectories. Studies in young children (e.g., Finch et al., 2017; Yoshimura et al., 2013) suggest 

that atypical lateralization emerges early in development and may persist in adulthood, 

indicating that these differences are not simply secondary to language impairment but may be 

intrinsic to neurodevelopment in ASD. Additionally, atypical lateralization may be linked to 

differences in connectivity (O’Reilly et al., 2017). For example, Sharda et al. (2015) reported 

altered fronto-temporal connectivity during language processing, which may contribute to 

reduced hemispheric specialization. 

Theoretical implications for models of lateralization and language impairment 

The present findings may also be informative with respect to theoretical models linking 

cerebral lateralization and language-related difficulties proposed by Bishop (2013). At a 

general level, the observed reduction in typical leftward lateralization in ASD is compatible 

with models proposing an association between atypical hemispheric specialization and 

neurodevelopmental conditions involving language and communication differences 

(additive/interactive risks model, pleiotropy model). However, the current findings do not 
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clearly support the strongest version of the endophenotype model, which posits a direct causal 

relationship between atypical lateralization and language impairment. 

One important observation is that several studies included in the present meta-analysis 

examined cognitively able or “high-functioning” individuals with ASD who showed relatively 

intact verbal abilities yet still reported reduced hemispheric asymmetry. For example, You et 

al. (2023) reported reduced lateralization during lexical access irrespective of language ability, 

while Matsuzaki et al. (2019) observed atypical lateralization during passive vowel listening 

even in ASD participants without marked language impairment. These findings suggest that 

atypical lateralization may not be exclusively tied to the presence of overt language deficits but 

could instead reflect a broader neurodevelopmental characteristic associated with ASD more 

generally. 

In this respect, the present findings may align more closely with pleiotropic or 

additive/interactive risk accounts proposed by Bishop (2013), in which atypical lateralization 

reflects one component of a broader constellation of neurodevelopmental variation rather than 

a singular causal mechanism for language impairment. At the same time, the considerable 

variability observed across studies also highlights the possibility that atypical lateralization 

interacts with other developmental, cognitive, or genetic factors in shaping language outcomes 

in ASD. 

The role of demographic factors 

Moderator analyses revealed that age did not significantly influence lateralization 

differences, suggesting that reduced lateralization is relatively stable across development 

(Everts et al., 2009). This is consistent with prior work indicating early-emerging atypical 

lateralization patterns in autism (Eyler et al., 2012). 

Interestingly, the difference in sex ratio between ASD and control groups significantly 

moderated the effect size. Specifically, studies in which the ASD group contained 
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proportionally more males relative to controls tended to show more positive effect sizes, 

indicating a less pronounced reduction in typical hemispheric lateralization in ASD. This 

finding is consistent with evidence suggesting small but reliable sex differences in language 

lateralization, with women tending to show slightly less strongly left-lateralized language 

processing than men, although these effects are generally small (Hirnstein et al., 2019; 

Sommer, 2004). Consequently, imbalances in sex ratio between ASD and NT groups may 

reduce the apparent difference in hemispheric specialization between groups. This 

interpretation is also consistent with the descriptive analyses, which showed that ASD cohorts 

contained significantly higher proportions of male participants than NT cohorts overall. These 

findings suggest that sex composition may represent an important confounding factor in studies 

of language lateralization in ASD and highlight the importance of carefully matching or 

statistically controlling for sex differences in future research. However, this moderator effect 

should still be interpreted cautiously given the relatively low degrees of freedom associated 

with the analysis (df = 3.96). 

In contrast, differences in handedness ratio between groups did not significantly 

moderate the effect size, suggesting that atypical language lateralization in ASD cannot be 

explained simply by variations in handedness distributions. This is notable, as handedness is 

often linked to hemispheric dominance, yet the present findings indicate that reduced 

lateralization in ASD extends beyond this factor. Notably, ASD and NT cohorts also showed 

highly similar proportions of right-handed participants overall, suggesting that the observed 

reduction in lateralization cannot simply be attributed to systematic differences in handedness 

composition between groups. 

Consistency across methodological approaches 

The absence of significant moderation by the technique group indicates that reduced 

lateralization in ASD is observed across a wide range of methodologies, including 
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electrophysiological, hemodynamic, and behavioral approaches. This convergence across 

methods strengthens the interpretation that atypical lateralization reflects a genuine 

neurocognitive characteristic of ASD rather than a methodological artifact. This interpretation 

is broadly consistent with the diversity of paradigms represented in the present meta-analysis, 

which included studies examining passive speech perception and auditory language processing 

(e.g., Eyler et al., 2012; Matsuzaki et al., 2019) as well as higher-order semantic and pragmatic 

language functions such as idiom and irony processing (e.g., Saban-Bezalel & Mashal, 2015). 

Together, these findings suggest that atypical hemispheric specialization in ASD may reflect a 

broader alteration in language-network organization rather than a deficit confined to a single 

linguistic domain. At the same time, the variability observed across studies indicates that the 

magnitude and expression of atypical lateralization may still depend partly on task demands 

and the specific linguistic operations being engaged. 

Exploratory moderator analyses suggest that this lateralization reduction is not uniform 

across all task characteristics. First, the effect was most clearly observed in language 

comprehension tasks, which comprised the majority of the included effect sizes (k = 65). In 

contrast, evidence for production tasks was inconclusive due to the limited number of available 

effect sizes (language production: k = 5; combined comprehension and production: k = 3). A 

possible explanation is that language production paradigms are often more difficult to 

implement and standardize in neuroimaging and electrophysiological research, particularly in 

ASD populations, where speech-related movement artifacts and variability in verbal abilities 

may complicate data acquisition and interpretation.  

Second, reduced lateralization was directionally present across all levels of linguistic 

complexity, although stronger effects were observed particularly for phoneme-level 

processing. This pattern could reflect early-stage differences in auditory or phonological 

processing in ASD, consistent with prior electrophysiological studies reporting atypical 
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responses to speech sounds (Kasai et al., 2005; Yu et al., 2023). However, not all sublexical 

categories showed significant effects, and several categories were represented by very few 

studies. Therefore, these findings should be considered preliminary. 

Third, no consistent differences were observed across most types of linguistic 

operations. Although interfacing operations showed a particularly large reduction in 

lateralization, this category was represented by only a single effect size and should therefore 

be interpreted cautiously. Overall, these findings suggest that reduced lateralization in ASD 

may represent a relatively general characteristic of verbal-linguistic processing rather than a 

deficit tied to specific linguistic functions such as semantics or phonology. 

Finally, the lack of a moderating effect of modality indicates that reduced 

lateralization is not restricted to a particular sensory input channel. This supports the idea that 

atypical lateralization reflects a broader organizational difference in the language network 

rather than modality-specific processing differences. 

Limitations and future directions  

Several limitations should be acknowledged. First, the analyses were based on a 

relatively small number of independent clusters, which may limit the statistical power of 

moderator analyses, particularly for variables such as sex difference and handedness. Second, 

substantial heterogeneity was observed across studies, likely reflecting differences in task 

design, participant characteristics, and measurement techniques. Although the use of RVE 

accounts for statistical dependence among effect sizes, it does not fully eliminate variability 

arising from these sources. Third, the inclusion of diverse paradigms, ranging from low-level 

phonological processing to higher-level semantic and pragmatic tasks, may introduce 

additional variability that was not fully captured by the moderators examined. Another 

important limitation concerns the characterization of atypical lateralization itself. Reduced 

leftward lateralization does not necessarily imply that individuals with ASD are uniformly 
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more bilateral. Rather, the available literature suggests increased variability in hemispheric 

organization, potentially including both weaker left lateralization and a higher prevalence of 

right-hemisphere language dominance in some individuals with ASD. However, many of the 

included studies did not explicitly distinguish between reduced asymmetry/bilateral language 

organization and clear right-hemisphere dominance, limiting more fine-grained conclusions 

about the precise nature of atypical lateralization in ASD.  

Consequently, the present meta-analysis cannot determine whether ASD is primarily 

associated with weaker left lateralization, increased rates of right-language dominance, or both.  

Beyond these limitations, several important directions for future research emerge from the 

present findings. Future studies would benefit from more explicit characterization of individual 

lateralization profiles, including participant-level laterality indices and categorical dominance 

classifications. Future research should also examine whether atypical lateralization in ASD is 

consistent across different components of the language system or instead reflects increased 

variability across language functions. Recent work by Bradshaw et al. (2020) suggests that 

inconsistent lateralization across language domains may itself represent a risk factor for 

developmental language impairment. Applying similar approaches in ASD may help clarify 

whether atypical hemispheric specialization reflects a stable organizational pattern or greater 

intra-individual variability across linguistic processes. In addition, future meta-analytic work 

should formally examine the role of language ability and verbal IQ as moderators, as several 

studies included cognitively able ASD participants who nevertheless showed reduced 

hemispheric asymmetry. 

Conclusion 

In summary, the present meta-analysis provides robust evidence for reduced 

hemispheric lateralization in individuals with ASD. This effect appears to be consistent across 

methodologies and largely independent of age and handedness differences, although it may be 



42 
 

 
 

influenced by sex-related factors. Reduced language lateralization in ASD appears to be 

particularly evident in language comprehension tasks. Exploratory analyses suggest that some 

forms of sublexical processing may show stronger reductions in lateralization, although these 

findings remain preliminary due to the limited number of studies in several task categories. 

Further research with more balanced designs is needed to confirm this pattern.  

The robustness of the findings across analytical approaches, sensitivity analyses, and 

publication bias assessments further supports the view that atypical hemispheric lateralization 

represents a reliable neurobiological characteristic associated with ASD. 

Overall, these findings support the view that atypical lateralization is a core 

neurobiological feature of ASD and may play a role in the language and communication 

differences observed in this population. 
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Appendix 

Figure 3 

Forest plot of individual and pooled effect sizes (Hedges’ g) comparing hemispheric lateralization between individuals with ASD and NT controls 
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Table 4. Demographic and task characteristics of studies included in the meta-analysis 

Author Year Location 
Male prop. 

(NT) 

Mean age 

(NT) 

Right-

handers-

prop. (NT) 

Male prop. 

(ASD) 

Mean age 

(ASD) 

Right 

handers-

prop. 

(ASD) 

Technique Label of task Mode of task 
Linguistic 

Complexity 

Linguistic 

Operations 
Modality 

Anderson 

et al. 
2010 USA 1 22.5 0.86 1 21.7 0.96 fMRI 

Auditory 

phrase 

recognition 
task 

language 

comprehension 
sentence semantic auditory 

Arnold et 

al. 
1983 Australia n/r 10 n/r n/r 9.33 n/r 

Dichotic 

listening 

Dichotic 

listening task 

language 

comprehension 
phoneme phonological auditory 

Baker et al. 2010 USA 0.68 12.2 1 0.68 12.8 1 
Dichotic 
listening 

Emotion 
recognition 

language 
comprehension 

sentence prosodic auditory 

Carpenter 
et al. 

2010 USA 0 5.17 1 1 5.42 1 EEG 

Picture naming 

/ language 
production 

task 

language 
production 

word semantic visual 

Dawson et 
al. 

1982 USA 1 18.73 0.7 1 18.69 0.7 EEG 

Verbal 

repetition and 
categorical 

verbal fluency 

language 
comprehension 

phoneme semantic auditory 

Dawson et 
al. 

1986 USA 1 13 1 1 13.1 0.71 EEG 

Auditory 

discrimination 

task (speech vs 
non-speech)  

and syllable 

identification 

language 
comprehension 

syllable phonological auditory 

Flagg et al. 2005 Canada 0.5 10.5 1 1 11,7 1 MEG 

Passive 
auditory 

presentation of 

vowel stimuli 

language 

comprehension 
phoneme phonological auditory 
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Gold et al. 2010 Israel 0.58 24.66 1 0.81 22.95 1 

Divided 
Visual 

Field 

paradigm 

Semantic 

relatedness 
judgement 

language 

comprehension 
word semantic visual 

Ji et al. 2019 China 0.77 9.39 1 0.9 11.05 0.85 EEG 

Visual half-
field paradigm 

for face and 

word 
recognition 

language 
comprehension 

word orthographic  visual 

Jouravlev 

et al. 
2020 USA 0.75 26.1 0.83 0.75 26.7 0.83 fMRI  

Written 
sentence 

comprehension 

language 

comprehension 
sentence semantic visual 

Kasai et al.  2005 Japan 0.68 27.3 1 0.66 27.2 1 MEG 
Passive vowel 

listening 

language 

comprehension 
phoneme phonological auditory 

Kleinhans 

et al. 
2008 USA 1 22.41 0.93 1 23.79 0.78 fMRI 

Letter verbal 

fluency 

language 

production 
word 

phonological-

semantic 
visual 

Knaus et al. 2008 USA 1 14.94 1 1 15.46 1 fMRI 

Response-
naming task 

(semantic 
generation) 

language 

production and 
comprehension 

sentence semantic visual 

Knaus et al. 2010 USA 1 14.09 0.5 1 16.09 0.5 fMRI 

Response-

naming task 

(reading-based 
language 

generation) 

language 

production and 
comprehension 

sentence semantic visual 

Knaus et al. 2017 USA 0.84 12.64 0.84 0.86 13.57 0.8 fMRI 

Semantic 

similarity 
judgment  

language 

comprehension 
word semantic visual 

Larson et 
al. 

2022 USA 0.89 13.85 0.84 0.95 14.16 0.68 fMRI 
Sentence 

comprehension 
language 

comprehension 
sentence semantic visual 

Matsuzaki 

et al. 
2019 USA 1 27.25 1 1 22.22 1 MEG 

Auditory 

oddball 

paradigm with 
vowel stimuli 

language 

comprehension 
phoneme phonological auditory 
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Matsuzaki 

et al. 
2019 USA 0.92 10.14 0.81 0.89 10.55 0.81 MEG 

Auditory 

oddball 

paradigm with 
vowel stimuli 

language 

comprehension 
phoneme phonological auditory 

Matsuzaki 

et al. 
2019 USA 1 11.5 0.82 1 13.83 1 MEG 

Auditory 

oddball 

paradigm with 
vowels 

language 

comprehension 
phoneme phonological auditory 

McPartland 

et al. 
2011 USA 0.83 12.6 0.88 0.88 11.2 0.86 EEG 

Letter 

perception 

(ERP N170 

task) 

language 

comprehension 
word  orthographic visual 

Minagawa-

Kawai et 

al. 

2009 Japan 0.78 7.3 1 0.78 9.2 1 fNIRS 
Passive word 

listening 
language 

comprehension 
word phonological auditory 

Ogawa et 

al. 
2019 Japan n/r 12.4 1 n/r 13.5 1 MEG 

Silent word 

reading task 

language 

comprehension 
word semantic visual 

Saban-

Bezalel et 

al. 

2015 Israel 0.58 27.04 1 0.739 26.22 0.96 

Divided 

Visual 
Field 

paradigm 

Idiom 
processing 

task + Irony 

processing 
task 

language 
comprehension 

sentence semantic visual 

Sano et al. 2024 Japan 0.8 5.48 n/r 0.76 5.57 n/r MEG 
Oddball 

paradigm 
language 

comprehension 
phoneme phonological auditory 

Sharda et 
al. 

2015 India 0.72 10.4 0.95 0.72 11 1 fMRI 

Passive 

listening task 
(speech vs 

music) 

language 
comprehension 

word phonological auditory 

Solomon-

Harris et al. 
2022 Canada 1 22.4 1 1 21 1 fMRI 

n-back task 
with written 

words  

language 

comprehension 
word orthographic visual 

Takeuchi et 

al. 
2004 Japan 0.8 9.4 1 0.8 11.2 1 fMRI 

Text 

comprehension 

language 

comprehension 
discourse interfacing visual 

Whitehouse 

et al. 
2008 UK 0.64 20.88 0.72 0.9 21.1 1 fTCD 

Word 

generation 
paradigm 

language 

comprehension 
word 

phonological-

semantic 
visual 
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Yeung et 

al. 
2019 USA 0.73 14.27 n/r 0.91 14.44 n/r fNIRS 

Category 

verbal fluency 

language 

production 
word semantic visual 

Yoshimura 

et al. 
2013 Japan 0.82 5.62 1 0.83 5.58 0.8 MEG 

Auditory 

evoked field 
(AEF) task – 

syllable 

perception 
(/ne/) 

language 

comprehension 
syllable phonological visual 

You et al. 2023 USA 0.76 15.2 0.86 0.75 15.9 0.95 MEG 
Lexical 

decision task  

language 

comprehension 
word semantic visual 

Yu et al. 2023 China 0.8 11.7 n/r 0.9 12.1 n/r EEG 

Passive 

pseudoword 

listening 

language 
comprehension 

word phonological auditory  

 



  t  ( 33 ) = 0 . 75 , p = . 461 .


  t ( 32 ) = 2 . 26 , p = . 031


  M = 0 . 90


  M = 0 . 90


  t ( 30 ) = − 0 . 80 , p = . 428


  z = − 1 . 29 , p = . 196


    k 0 = 0


  g = − 0 . 39


   [ − 0 . 52 , − 0 . 26 ]

