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Abstract

Purpose In this study, we examined the effectiveness of Theory of Mind (ToM) intervention programs on the ToM skills of
individuals with Autism Spectrum Disorder (ASD) through a systematic review and meta-analysis.

Methods A comprehensive search was conducted in Web of Science, Scopus, EBSCO ERIC, Academic Search Complete,
PubMed, ProQuest, and the Tiirkiye Council of Higher Education Thesis Center, completed on January 5, 2024. Studies were
included if published in English or Turkish, involved participants with ASD, implemented interventions targeting ToM, used
at least one ToM assessment tool, employed a randomized controlled trial (RCT) or quasi-experimental design, and provided
sufficient data for meta-analysis. Methodological quality was evaluated using What Works Clearinghouse (WWC) standards.
The meta-analysis used a fixed-effects model with Hedges’ g in Comprehensive Meta-Analysis Software 4.

Results We identified 20 studies (n=924) meeting the inclusion criteria, of which 15 were included in the meta-analysis.
Most interventions targeted understanding first- and second-order false beliefs and frequently used role-play and picture-
based storytelling techniques. The results indicated a moderate positive effect (2=0.492, 95% CI [0.322, 0.662]). Subgroup
analyses showed no significant differences based on study characteristics.

Conclusion Findings should be interpreted cautiously due to publication bias, small sample sizes, and the lack of IQ, lan-
guage, or prerequisite skill assessments. Crucially, insufficient reporting of social validity and generalization represents a
major barrier to assessing real-world utility. Future research must prioritize rigorous RCTs and systematic functional report-
ing to strengthen the evidence base.
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Autism Spectrum Disorder (ASD) has been defined as a
neurodevelopmental difference characterized by limitations
in social interaction and communication skills, which are
noticed in early childhood, along with patterns of repeti-
tive behaviors and activities (American Psychiatric Asso-
ciation, 2013). Theory of mind (ToM), a concept defined as
the ability to understand others’ thoughts, feelings, desires,
intentions, beliefs, and mental states (Premack & Woodruff,
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1978; Wellman et al., 2001), is a critical component of social
interaction and communication in individuals diagnosed
with ASD (Zwaigenbaum et al., 2005). This skill enables
individuals to predict others’ behavior based on these infer-
ences (Gallagher & Frith, 2003). ToM, a core component of
social cognition, has been theorized as a potential underly-
ing factor in the social interaction and communication diffi-
culties observed in individuals with ASD (Korkmaz, 2011).

One of the most critical skills targeted in ToM, regarded
as a developmental ability, is understanding beliefs. The
ability to recognize that an individual can hold a false belief
typically emerges around the age of four (Kobayashi Frank
& Temple, 2009; Perner & Roessler, 2012; Tomasello et
al., 2005). However, precursor skills, including joint atten-
tion, intentionality, perspective-taking, and symbolic play,
emerge in infancy (Miller, 2006). Children demonstrate first-
order perspective-taking by age two, understanding what
others can or cannot see (Moll & Tomasello, 2006). Around
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age three, they understand that seeing leads to knowing and
recognize that others may have different desires (Pratt &
Bryant, 1990). At this stage, they also begin to use terms
such as “want” and “think,” reflecting an emerging grasp of
desires, emotions, and beliefs (Bretherton & Beeghly, 1982;
J. Brown & Dunn, 1991; Wellman et al., 2000). By the same
age, children start to distinguish between mental and physi-
cal entities and to realize that individuals can hold different
thoughts (Flavell et al., 1990; Watson et al., 1998; Well-
man & Estes, 1986; Wellman & Woolley, 1990). Between
four and five years, they comprehend that beliefs can guide
behavior, even if those beliefs are false (Wimmer & Perner,
1983). By six to seven years, they typically acquire second-
order false belief understanding, enabling them to think
about what others are thinking (Baron-Cohen, 2000; Miller,
2013). More advanced ToM skills continue to emerge later,
with recursive thinking developing around age seven and
reasoning about social events around age nine (Wang et al.,
2016).

This developmental trajectory, however, differs for chil-
dren with Autism Spectrum Disorder (ASD). ToM devel-
opment is often delayed in these children and follows an
atypical course (Hoogenhout & Malcolm-Smith, 2014).
Research consistently shows that individuals with ASD
experience significant challenges in acquiring ToM com-
pared to typically developing peers and other diagnostic
groups (Baron-Cohen et al., 1997; Brewer et al., 2017,
Kaland et al., 2002; Mazza et al., 2017; Schwartz Offek &
Segal, 2022; Zalla et al., 2009).

Individuals diagnosed with ASD demonstrate dis-
tinct impairments in social interaction and communica-
tion, which are associated with impaired ToM skills, or
the capacity to comprehend the intentions, desires, and
thoughts of others (Devine & Apperly, 2021). Individu-
als with ASD have been shown to experience difficulties
in ToM that can impact their social interaction and com-
munication skills (Chiu et al., 2023; Mao et al., 2023),
empathic abilities (Mathersul et al., 2013), friendships and
romantic relationships (Banerjee et al., 2011; Bauminger et
al., 2010; Dodell-Feder et al., 2016; Fink et al., 2015), and
comprehension of implicit concepts such as irony, similes,
and metaphors (Happé, 1999). Developing ToM skills can
facilitate the social participation of individuals with ASD
by enabling them to establish healthy social relationships
(Ma et al., 2023). In this context, researchers have devel-
oped ToM intervention programs focusing on emotions,
perspective taking, ToM precursors, first-order false belief,
and second-order false belief in order to enhance ToM skills
in individuals with ASD, and have tested their effectiveness
in ToM skill domains (Begeer et al., 2015; Bylemans et al.,
2022; Cheung et al., 2018; Cheung et al., 2020; de Veld et
al., 2017; Durrleman et al., 2022; Ma et al., 2023; Ozonoff
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& Miller, 1995; Rice et al., 2015; Waugh & Peskin, 2015).
Therefore, to determine the direction and magnitude of an
intervention program’s effect, it is necessary to calculate the
effect size and identify which variables account for it (Sulli-
van & Feinn, 2012). A meta-analysis was conducted by Hof-
mann et al. (2016) to investigate the effectiveness of ToM
interventions for children. The meta-analysis results indi-
cate that ToM intervention programs have a large effect on
children’s ToM skills, as determined by the random-effects
model (g=0.75). In another meta-analysis of Fletcher-Wat-
son et al. (2014), the effectiveness of ToM interventions
implemented with individuals diagnosed with ASD was
evaluated. The data obtained from these studies were sub-
sequently analyzed under the following categories: emotion
recognition, joint attention, imitation, social communica-
tion, and theory of mind skills. The study revealed that the
effect sizes of ToM interventions demonstrated inconsistent
findings (g=0.3-0.6) and were methodologically deficient.
While the study by Hofmann et al. (2016) is a pioneering
work demonstrating the general effectiveness of theory of
mind interventions, it is argued that the combined evalu-
ation of typically developing samples and clinical popula-
tions may obscure intervention outcomes specific to ASD.
In contrast, this study focuses exclusively on individuals
diagnosed with ASD and aims to address the needs of this
heterogeneous group in a more specific manner. Although
limitations in theory of mind are often presented as a uni-
form concept in the ASD literature, individuals with ASD
may experience difficulties with an intuitive and spontane-
ously developed “implicit” mind-reading system. However,
they can develop an “explicit” compensatory mechanism to
make up for this deficit by using their logical and linguis-
tic abilities. This creates diversity, leading to distinct social
skill profiles in each individual (Happé & Frith, 2014). In
particular, individuals with ASD who possess high cogni-
tive capacity can conceal their social-cognitive deficits
through compensatory mechanisms and masking strategies
(Livingston & Happé, 2017; Hull et al., 2017). Rather than
intuitively interpreting mental states as neurotypical indi-
viduals do (consciously or unconsciously), these individuals
may develop rule-based methods that enable them to per-
form better on standard theory of mind tests (Livingston et
al., 2019). Therefore, when evaluating the effectiveness of
theory of mind-based interventions using explicit or implicit
theory of mind tests, determining whether the results reflect
actual social cognitive development or result from devel-
oped compensatory strategies is crucial to the clinical valid-
ity of intervention outcomes (Happé & Frith, 2014). This
study aims to evaluate the generalizability and maintenance
of intervention outcomes, moving beyond static ToM test
scores to consider the real-life application of implicit ToM
abilities alongside other qualitative features. Furthermore,
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it seeks to examine how moderator variables that contribute
to heterogeneity in ASD influence overall mean effect sizes.
Finally, in this study, the literature on theory of mind inter-
ventions was expanded to include the most recent studies up
to 2024, including Turkish studies, drawing on the Cochrane
review by Fletcher-Watson et al. (2014). Additionally, to
address the methodological limitations noted by Fletcher-
Watson et al., the existing studies were evaluated using the
WWC standards, which are widely used in education.

In its report on evidence-based practices, the National
Autism Center (NAC) stated that ToM interventions were
not yet fully supported by evidence for individuals with
ASD and were categorized as emerging interventions—
defined as approaches that have shown positive outcomes
in one or a few studies (NAC, 2015). For these interven-
tions to be regarded as evidence-based, consistent results
from high-quality studies are necessary. Although previ-
ous meta-analyses have estimated overall effect sizes, it is
necessary to systematically examine study characteristics
that may explain variability in these effects and investigate
moderator effects. The developmental structure of the the-
ory of mind ability (Wellman, 2017) means that we need to
examine age as a moderator variable. Furthermore, previ-
ous meta-analyses have found that the length and number
of sessions in theory-of-mind interventions moderate their
effects (Hofmann, 2016). Therefore, it is important to assess
for a similar moderating effect in this study to ensure con-
sistency. Although group and individual interventions on
children with autism are known to have similar effects, the
fact that individual interventions yield more reliable results
on reciprocal social interaction (Tachibana et al., 2018) sug-
gests that the mode of delivery may be a potential modera-
tor in interventions such as theory of mind. The differences
in research designs regarding counterfactual inferences and
control of external variables between randomised controlled
and quasi-experimental studies (Shadish et al., 2002) neces-
sitate the examination of moderator variables.

By identifying the characteristics of studies that can
explain the average effect size of ToM interventions on
individuals with ASD and the variability in outcomes, the
explanation of the moderator effect will guide research-
ers and practitioners in educational and clinical settings
on whether ToM interventions should be incorporated into
teaching practices for individuals with ASD and, if so, under
what conditions they may be most effective. It is expected
that this study will guide the decision on whether ToM inter-
ventions should be incorporated into teaching practices for
individuals with ASD and, if so, under which conditions
they may be most effective, thereby providing information
for evidence-based decision-making.

In this context, the present study aims to (a) evaluate the
methodological quality of intervention programs designed

to improve ToM skills based on WWC standards, (b) esti-
mate the individual and overall effect sizes of the included
studies, (c) describe the qualitative and methodological
characteristics of the included studies, and (d) examine
whether selected study characteristics (namely participant
age, intervention delivery format, intervention duration, and
research design) serve as significant moderators of the inter-
vention effects. Accordingly, the objective of this study is to
address the following three research questions:

1. What is the effect of intervention programs aimed at
improving ToM skills on the ToM abilities of individuals
with ASD?

2. What are the qualitative characteristics (e.g., demo-
graphic information, methodology, intervention features)
of the experimental studies that examine the effects of
these intervention programs on the ToM skills of indi-
viduals with ASD?

3. To what extent do selected qualitative and methodologi-
cal characteristics of the included studies—namely par-
ticipant age, intervention delivery format, intervention
duration, and research design—function as potential
moderators of the effect sizes of ToM interventions for
individuals with ASD?

4. To what extent do the experimental studies examining
the effects of these intervention programs on the ToM
skills of individuals with ASD meet the WWC standards?

Method

In this study, we conducted a systematic review and meta-
analysis to examine interventions to improve ToM skills in
individuals with ASD. A systematic review synthesizes mul-
tiple studies addressing the same research question (Cook et
al., 1997), while meta-analysis applies statistical methods
to aggregate findings and identify evidence-based practices
(Borenstein et al., 2013; Mulrow, 1994; Tranfield et al.,
2003). The present study followed the PRISMA checklist
(Page et al., 2021).

Search Strategy

We aimed to identify experimental articles and theses,
published in either English or Turkish, that implemented
intervention programs to improve ToM skills in individu-
als diagnosed with ASD—including Asperger’s syndrome,
high-functioning autism, and pervasive developmental dis-
order not otherwise specified—without applying any date
restrictions. We selected seven databases—Web of Sci-
ence, Scopus, EBSCO ERIC, Academic Search Complete,
PubMed, ProQuest, and the Tiirkiye Council of Higher

@ Springer



Journal of Autism and Developmental Disorders

Education (CoHE) Thesis Center. We identified three pri-
mary keyword groups: target population, skill domain, and
intervention, and applied Boolean logic (e.g., AND, OR).
The keywords were: (“theory of mind” OR “mind reading”
OR “social cognition” OR “mental state” OR “cognitive
empathy” OR “mentalization” OR “social intelligence” OR
“perspective taking” OR “false belief”) AND (“train” OR
“training” OR “teach” OR “teaching” OR “intervention”
OR “instruction”) AND (“autism” OR “autism spectrum
disorder” OR “high functioning autism” OR “Asperger syn-
drome” OR “pervasive developmental disorder” OR “ASD”
OR “PDD”). We completed the search on January 5, 2024,
identifying 2,919 studies. We also reviewed the reference
lists of published systematic reviews, which yielded an
additional 20 studies. All studies obtained were imported
into EndNote 21 for classification according to the inclusion
and exclusion criteria.

Inclusion and Exclusion Criteria

We did not include all studies identified during the screen-
ing process for the meta-analysis. We applied the following
inclusion criteria: (a) publication as an article in an interna-
tional peer-reviewed journal or as a thesis in the ProQuest
or CoHE Thesis Center databases, (b) published in either
English or Turkish, (c) participants diagnosed with ASD,
Asperger syndrome, high-functioning autism, or pervasive
developmental disorder-not otherwise specified, (d) imple-
mentation of an intervention program aimed at teaching
ToM skills (including subskills such as perspective-taking),
(e) inclusion of at least one measurement tool assessing
ToM skills, (f) use of a RCT or quasi-experimental research
design, (g) provision of an appropriate dataset (e.g., sample
size, mean, standard deviation), and (h) for studies included
in the descriptive analysis, fulfillment of all criteria except
the seventh. We excluded studies that (a) were published in
languages other than Turkish or English, (b) used research
methods other than RCT or quasi-experimental designs, (c)
involved only participants from other diagnostic groups
or typically developed individuals without an ASD diag-
nosis, (d) implemented an intervention program targeting
skills other than ToM, (e) lacked any measurement tools
for assessing ToM skills, or (f) lacked a suitable dataset for
meta-analysis (e.g., sample size, mean, standard deviation).

Study Selection

Our database and reference list searches yielded a total of
2,939 studies. We excluded 1,182 of these as duplicates.
From the remaining 1,757 studies, we excluded 640 for
using research methods other than intervention programs
(e.g., survey, correlational), 392 for employing qualitative
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research methods or review studies, 174 for being pub-
lished in formats other than articles or theses, 32 for being
meta-analyses, 21 for being written in language other than
Turkish or English, and 15 for being inaccessible. These
steps resulted in 483 studies that included an intervention
program. We excluded 317 studies because the intervention
targeted skills outside the ToM domain, leaving 166 studies
aimed at improving ToM skills. Of these, we excluded 68
for using different research designs (e.g., weak experimental
designs, single-subject studies), 54 for targeting populations
other than individuals with ASD (e.g., different diagnos-
tic groups or typically developing children), and 24 for
not employing appropriate measurement tools. After these
exclusions, 20 studies remained eligible for descriptive
analysis. We excluded five of these from the meta-analy-
sis because of the absence of a suitable dataset for meta-
analytic calculations. Ultimately, we included 15 studies in
the meta-analysis. Fig.1 presents the PRISMA flow diagram
summarizing the evaluation process of the studies according
to the inclusion and exclusion criteria.

Data Extraction and Coding

The first author coded all studies included in the research via
a coding form. This form consisted of three sections: bib-
liographic information, study-related content, and numeri-
cal data required for the meta-analysis. The first section
recorded the code, study title, author(s), year, publication
type, journal name or university, and country codes. In the
second section, we documented details about the research
design, ToM intervention themes, methods and techniques
used, number of sessions, session duration, implementation
format (individual or group), practitioner, sample charac-
teristics (gender, mean age, diagnosis, comparison group),
setting, measurement tools, overall effect, generalization,
follow-up, and social validity codes. In the third section, we
entered the sample sizes for the experimental and control
groups, the pre-test and post-test mean scores, the pre-test
and post-test standard deviations, and, when available, the
F and p values.

Data Reliability

Interrater reliability refers to the consistency between two
or more raters evaluating the same measure (Cohen &
Swerdlik, 2009), and the literature indicates that this value
should be at least 80% (Miles & Huberman, 1994). In this
context, we used multiple methods to assess the reliability
of the research during screening, data extraction, and mod-
erator rating. We adopted a consensus-based approach to
selecting studies, evaluating their eligibility according to
inclusion criteria, and rating the moderator variables. We
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Fig. 1 PRISMA flow diagram of
the study evaluation process based [

Identification of studies via databases and registers W

on inclusion and exclusion criteria.

Th.is flow diagram was created Datebases (n=7) Studies Excluded Without Evaluation Against
using the PRISMA (Preferred e (n—-l 005) »| theCriteria
Reporting Items for Systematic i _
X Web of Science (n=852) Duiclicate Stiich =1182
Reviews and Meta-analyses) P Academic Search Complete (n=385) upllcate Studles {n= )
framework to illustrate the study H PubMed (n=324)
selection process ProQuest (n=182)
2 EBSCO ERIC (n=157) i .
CoHE Thesis Center (n=14) St‘:fdies excludod:ocor:mdg tlo ;rltlrla. )
Hand-searching of bibliographies (n=20) o erenF Resears MEt ndologies (n:640)
Toplam (n=2939) Qualitative and Review Stu@es‘ . (n=392)
Book/Conference Paper/Editorial Article
— (n=174)
¢ Meta-Analysis Studies (n=32)
Different Languages (n=21)
Unreachable Content (n=15)
(= Studies Included for Evaluation L
(n=1757)
Ia,ngt;)rvent'ion Studies Included in the Evaluation (n = intervention program for different skill (n=317)
2
B
7]
w
—| Studies excluded according to criteria:
Intervention Studies on Theory of Mind (n=166) Different research methods (n=68)
Participants did not have a diagnosis of ASD
(n=54)
i Scale not suitable for meta-analysis (n=24)
(Sl:ljgge)s that provide criteria for systematic analysis | Dataset not suitable for meta-analysis (n=5)
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determined the eligibility of the studies through discussions
and consensus within the scope of inclusion and exclusion
criteria. We selected moderator variables based on both
the developmental literature and a balanced distribution of
group studies. We primarily used interrater reliability data
from the studies during data extraction. In this process, we
created a coding list including the study name, author, year,
country, research design, theory of mind training themes,
delivery format, number and duration of sessions, practitio-
ner, sample characteristics (mean age, gender, diagnosis),
measurement tools, and statistical data (N, M, SD, F, and
p-values). The first author coded this list, and the second
author reviewed it; subsequently, two independent research-
ers specializing in special education and psychological

counseling re-evaluated the data and checked it against the
coding list. In the final stage, we calculated reliability using
the formula by Miles and Huberman (1994) [Agreement/
(Agreement+ Disagreement) x 100] and found an average
agreement of 97.9% (range: 91-100%).

What Works Clearinghouse (WWC) Procedures and
Standards

This study evaluated the included studies according to
the standards outlined in the “Reviewing Findings from
Randomized Controlled Trials and Quasi-Experimental
Designs” section of the WWC Procedures and Standards
Handbook (WWC, 2022). We developed a flow diagram to
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guide the evaluation process (see Online Resource 1). Each
study was assessed twice, with a one-week interval between
assessments, and rated as “Meets WWC standards,” “Meets
WWC standards with reservations,” or “Does not meet
WWC standards.”

Statistical Analysis

We calculated the effect size for the studies in the meta-anal-
ysis based on the mean difference between the experimen-
tal and control groups. Because the studies used different
measurement instruments, we computed effect sizes via the
standardized mean difference. We calculated Hedges ' g for
studies with fewer than 20 participants to correct for small-
sample bias (Cooper et al., 2009).

We assessed homogeneity and heterogeneity using
Cochran’s Q and I statistics. As shown in Online Resource
2, the Q value for the 15 included studies was 15.373 with
14 degrees of freedom, and the I? value was 8.930, indicat-
ing homogeneity among the studies (Higgins et al., 2003).
However, this result should be interpreted with caution;
given the relatively small number of studies and the concep-
tual differences among various ToM intervention methods,
the low I? value may not fully reflect the clinical and meth-
odological heterogeneity of the primary studies. The evi-
dence of statistical homogeneity, when combined with the
inclusion of both large- and small-sample studies, supports
the use of a fixed-effects model (Dettori et al., 2022). How-
ever, we remain cautious regarding the generalizability of a
single pooled effect size. To preserve the independence of
observations, a fundamental assumption of the fixed-effects
model, we calculated a single effect size per study in the
meta-analysis. As suggested by Lipsey and Wilson (2001,
p.78) we selected the most prevalent and comprehensive
Theory of Mind scales representing the primary outcomes
of the included studies; these included the Theory of Mind
Test (Muris et al., 1999), Strange Stories (Happé, 1994;
O’Hare et al., 2009), and False Belief Test (Baron-Cohen
et al., 1985; Perner & Wimmer 1985). For studies that pro-
vided a single composite score representing overall mental-
izing ability alongside multiple ToM tasks (e.g., Hadwin et
al., 1996; Soorya et al., 2015), we used this composite score
to estimate the study’s effect size.

We also evaluated publication bias via the Trim and
Fill method (Duval & Tweedie, 2000) and the Fail-Safe N
method (Rosenthal, 1979). All statistical analyses were con-
ducted with Comprehensive Meta-Analysis Software, ver-
sion 4.
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Result
Descriptive Characteristics

WWC Standards, Publication Year, Country, Research
Design, and Publishing Journal/University

This study evaluated the 20 included studies according to
the standards outlined in the “Reviewing Findings from
Randomized Controlled Trials and Quasi-Experimental
Designs” section of the WWC Procedures and Standards
Handbook. The evaluation revealed that nine studies met
WWC standards without reservations, eight did not meet
WWC standards, and three met WWC standards with res-
ervations. The studies were further categorized into five-
year intervals: two conducted between 1994 and 1998, two
between 1999 and 2003, two between 2004 and 2008, three
between 2009 and 2013, six between 2014 and 2018, and
five between 2019 and 2023. Geographically, the studies
were conducted in the United States, the Netherlands, the
United Kingdom, Australia, Belgium, China, Iran, Israel,
Switzerland, Japan, Canada, and Tiirkiye, with the United
States and the Netherlands hosting the largest number,
followed by the United Kingdom. Regarding publication
type, 18 included studies were published as articles in peer-
reviewed journals, and two were published as theses—one
as a doctoral dissertation and the other as a master’s thesis.
The Journal of Autism and Developmental Disorders pub-
lished the most extensive studies (n=10). In contrast, the
remaining studies appeared in Autism, Autism Research,
Clinical Child Psychology and Psychiatry, Development
and Psychopathology, Frontiers in Behavioral Neurosci-
ence, Frontiers in Psychology, Journal of the American
Academy of Child & Adolescent Psychiatry, and Research
in Autism Spectrum Disorders (see Online Resource 3).

Research Design, Sample, and Measurement Instruments,
Intervention Themes, Instructional Methods and
Techniques, Number and Duration of Sessions,
Implementers and Settings

We analyzed the 20 included studies and identified 10 that
employed a randomized controlled trial design and 10
that used a quasi-experimental design. Examination of the
samples revealed 924 participants, with 51.83% (n=479)
in the experimental group and 48.16% (n=445) in the con-
trol group. Five studies did not report sex information; in
the remaining 16 studies, 107 female and 659 male partici-
pants were included. The mean participant age was 132.21
months (approximately 11.01 years). Participants had diag-
noses of ASD, Asperger syndrome, high-functioning autism
spectrum disorder, or pervasive developmental disorder—not
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otherwise specified. Additional control groups included typ-
ically developing children and one group receiving a play-
based intervention. Concerning the instruments used, seven
studies employed the Strange Story Measure (Happé, 1994)
for advanced ToM skills. The Sally-Anne Test was used for
first-order false belief, the M&M test for second-order false
belief, and the Reading the Mind in the Eyes Test for emo-
tion recognition (see Online Resource 4).

We analyzed the Theory of Mind (ToM) intervention pro-
grams under six themes: emotion, perspective-taking, ToM
precursors, first-order false belief, second-order false belief,
and advanced ToM skills. Frequency analysis revealed that
17 studies targeted first-order false belief, 16 targeted second-
order false belief, 13 targeted ToM precursors, eight targeted
perspective-taking, eight targeted emotion, and seven tar-
geted advanced ToM skills. Instructional methods and tech-
niques were categorized into ten themes: role-play, reading
or telling picture stories, group activities, play, homework,
thought bubble technique, technology-assisted instruction,
feedback, reinforcement, and prompting. Eleven studies
incorporated role-play, ten used picture stories, eight used
group activities, seven used play, seven used homework, six
employed the thought bubble technique, five used technol-
ogy-assisted instruction, five provided feedback, four used
reinforcement, and fifteen implemented prompting. With
respect to program length, the average was 11.9 sessions,
most frequently 11-15 sessions (n=9), followed by 6-10
(n=7), 1-5 (n=2), 1620 (n=1), and more than 20 (n=1).
The average session duration was 51.38 min, with eight
studies reporting 31-60 min, seven reporting 0-30 min, and
three reporting 61-90 min. Regarding implementers, six
interventions were conducted by the author/researcher, five
by psychologists, two by teachers, two by therapists, two by
research assistants, one by an occupational therapist with
students, and one by parents. Settings included five schools,
three child psychiatry centers, one special education center,
one computer laboratory, one home setting, and one online
platform (see Online Resource 4).

Findings on Generalization, Maintenance, and Social
Validity

We found that five studies collected generalization data,
whereas fifteen did not—all five measured stimulus gener-
alization, with three examining generalization across mate-
rials and two across people. In terms of maintenance, ten
studies collected data and ten did not. Of those that did,
one measured maintenance over six months, and the oth-
ers between one and three months, with the average main-
tenance interval calculated as 48.22 days. Data sources

included children, parents, and teachers. Four studies col-
lected data on social validity, whereas sixteen did not (see
Online Resource 5).

Meta-analysis
Overall Effect Size ToM Interventions

We conducted a meta-analysis with 15 of the 20 included
studies whose datasets met the inclusion requirements. The
analysis revealed that the fixed-effects model showed a sig-
nificant and positive overall effect size of g=0.49 (95% CI
[0.32, 0.66]; p<0.001). The low heterogeneity among studi
We conducted a meta-analysis with 15 of the 20 included
studies whose datasets met the inclusion requirements. The
analysis revealed that the fixed-effects model showed a sig-
nificant and positive overall effect size of g=0.49 (95% CI
[0.32, 0.66]; p<0.001). The low heterogeneity among stud-
ies (Q(14)=15.37, p=0.35, 1> = 8.93%) supported select-
ing this model as the primary analysis method. Additional
analyses using a random-effects model to test the robust-
ness of the findings yielded results consistent with the
main findings (g=0.50, 95% CI [0.32, 0.68]; p<0.001)
(see Online Resource 2). Due to concerns that the random-
effects model would place excessive weight on the results of
small-scale studies and increase publication bias by giving
greater weight to smaller studies (Deeks et al., 2024), and
because of statistical heterogeneity, the fixed-effects model
was more appropriate for analyzing the effects of interven-
tions in this review. Nonetheless, given the small number of
studies and the conceptual differences among the interven-
tions, this finding should be interpreted with caution. While
statistically valid, we adopt a cautious stance regarding
the generalizability of the effect size from the fixed-effects
model, given differences in intervention methods. On the
basis of these results, we concluded that, according to the
fixed-effects model, ToM intervention programs aimed at
improving ToM skills have a moderate effect on the ToM
skills of individuals diagnosed with ASD (0.2<Cohen’s
d<0.5 indicates a moderate effect).es (Q(14)=15.37,
p=0.35, 1> = 8.93%) supported selecting this model as
the primary analysis method. Additional analyses using a
random-effects model to test the robustness of the findings
yielded results consistent with the main findings (g=0.50,
95% CI [0.32, 0.68]; p<0.001) (see Online Resource 2).
Given concerns that the random-effects model may over-
emphasize the effects of small studies and exacerbate pub-
lication bias by assigning greater weight to smaller studies
(Desk et al., 2024), the fixed-effects model was deemed
more appropriate for evaluating intervention effects in the
present study. On the basis of these results, we concluded
that, according to the fixed-effects model, ToM intervention
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Fig. 2 Forest plot of theory of mind
intervention studies. The forest plot
displaying Hedges’s g effect sizes
and 95% confidence intervals for
each included study was generated
using the Comprehensive Meta-
analysis (CMA) software

Fig. 3 Trim-and-fill funnel plot
for included studies. The funnel
plot illustrating the relationship
between effect sizes (Hedges’s g)
and standard errors was generated
using the Comprehensive Meta-
Analysis (CMA) software

Study name Statistics for each study Hedges's g and 95% CI
Hedges's Standard Lower Upper
g error Variance limit limit  Z-Value p-Value
Bauminger, 2007 0,268 0386 0149 -0489 1025 0694 0488 —
Begeer vd., 2010 0,660 0336 0,113 0002 1318 1,97 0049 —a—
Begeer vd., 2015 0439 0204 0042 0039 0840 2149 0032 ——
Berg, 2002 2,079 0553 0306 099¢ 3,164 3756 0,000
Bylemans vd., 2022 0,558 0352 0124 -0133 1248 1,583 0,113 4——
Cheung vd., 2020 0,441 0238 0057 -0026 0908 1849 0,064 —m—
Hadwin vd., 1996 0,429 0434 0,188 -0420 1279 0990 0322 ———
Nejati vd., 2023 0614 0364 0132 -0100 1327 1686 0092 —
Ozonoff, 1995 0,572 0611 0374 -0626 1771 0936 0349
Payiner ve Peterson, 2013 0718 0,446 0199 -0,156 1592 1611 0,107
Rice vd., 2015 0,732 0362 0131 0022 1442 2021 0043 =
Silver ve Oakes, 2001 1,098 0,452 0205 0212 1985 2428 0015 ———
Soorya vd., 2015 0,132 0238 0057 -0326 0599 0552 0561
Tsunemi vd., 2014 0,477 0484 0234 -0472 1425 0985 0324
Waugh ve Peskin, 2015 0,104 0218 0101 -0519 0727 0327 0,743
Pooled 0,492 0,087 0,008 0,322 0662 5682 0,000 .
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programs aimed at improving ToM skills have a moderate
effect on the ToM skills of individuals diagnosed with ASD
(0.2<Cohen’s d<0.5 indicates a moderate effect)

Forest Plot of ToM Intervention

In the forest plot analysis (see Fig. 2), we found that all 15
included studies favored the experimental group. The con-
siderable overlap in confidence intervals indicated a homo-
geneous structure. One study (Berg, 2002) showed a notably
larger effect size (g=2.07 [95% CI=0.99, 3.16, p<0.001])
than the overall confidence interval, suggesting a potential
outlier. To examine whether this unusually large effect size
influenced the overall findings, a sensitivity analysis was
conducted by removing this study from the analysis. After
excluding the study, the overall effect size remained similar
(g=0.45, 95% CI=0.32-0.66; 1> = 0.00) under the fixed-
effects model. Additionally, the standardized residual analy-
sis (SR=2.90) suggested that the study did not substantially
influence the overall results.

@ Springer

Publication Bias

We assessed publication bias via the fail-safe N method
and the trim and fill method. For the 15 included studies,
the threshold value was 85, and the Fail-Safe N was 130
(see Online Resource 6). We then used trim and fill analysis
(Duval & Tweedie, 2000). As shown in Fig. 3, this analy-
sis revealed that five studies contributed to publication bias.
According to the fixed-effects model, the observed average
effect size was g=0.49 (95% CI [0.32, 0.66]; Q=15.372),
whereas the adjusted effect size obtained after the trim-and-
fill analysis was calculated as g=0.37 (95% CI [0.21, 0.54];
Q=31.806); this suggests that the primary findings may have
been subject to publication bias. The significant decrease in
the adjusted effect size indicates that the original analysis
was biased upward due to publication bias in the literature.
This suggests that the “file-drawer problem”—where stud-
ies with statistically insignificant or small effect sizes are not
reported—Ied to an overestimation of the effect size in our
study. Furthermore, this upward bias may also stem from
small studies with limited sample sizes (Borenstein et al.,
2013; Cooper et al., 2009) and methodological limitations
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in studies that do not meet WWC standards (WWC, 2022).
Therefore, since the actual effect of ToM interventions in
this study is likely lower than initially observed, the overall
effect size should be interpreted with caution (see Online
Resource 7).

Moderator Effects

We examined the effectiveness of ToM intervention pro-
grams in terms of research design, age group, delivery for-
mat, number of sessions, and duration (see Online Resource
8). Our analysis by research design revealed no significant
difference between randomized controlled trials and quasi-
experimental studies (Q_B=0.13, p=0.71). For age groups,
the mean effect sizes were 0.72 for ages 57, 0.450 for ages
8-9, 0.91 for ages 1013, and 0.55 for ages 14 and older,
with no significant differences (Q B=7.815, p = 0.56).
Regarding delivery format, individual interventions yielded
a mean effect size of 0.678, while group-based intervention
yielded 0.457, a non-significant difference (Q B=1.05, p
= 0.30). Based on the number of sessions, we categorized
interventions into 1-8 (g=0.66), 9-16 (g=0.43), and 17 or
more sessions (g=0.551), with no significant differences
(Q_B=1.29, p = 0.52). For session duration, interventions
shorter than 30 min and those lasting 30 min or longer
(g=0.47) showed no significant difference (Q_B=0.25,p =
0.61). Given the limited number of studies in each subgroup
(n=15), the results of these moderator analyses should be
interpreted as exploratory rather than definitive. Similarly,
statistically non-significant results may be due to analyses
that are not sufficiently powerful to detect small differences
between subgroups (Hedges & Pigott, 2004).

In addition to the variables included in the moderator
analysis, we conducted an additional weighted regression
analysis comparing studies that met WWC standards with
those that did not, to investigate in more detail whether
methodological quality assessed using WWC standards
was related to effect size. The initial analysis showed a
significant difference between the two groups (f = —0.198,
p = 0.022). In the next step, assuming that this difference
stemmed from an outlier study with a large effect size (Berg,
2002), the outlier study was removed, and the analysis was
rerun. After this study was excluded, the difference between
studies meeting WWC standards and those not meeting
them no longer reached statistical significance (p = —0.066,
p=0.457).

Discussion

This study aimed to examine the effects of intervention pro-
grams designed to improve ToM skills on the ToM abilities
of individuals diagnosed with ASD. To achieve this aim, we
conducted a systematic review and meta-analysis of inter-
vention programs targeting the enhancement of ToM skills
in individuals with ASD. The findings of this study, calcu-
lated via a fixed-effects model, indicated that ToM interven-
tion programs have a moderate effect on the ToM skills of
individuals with ASD (g=0.49). Although the meta-analy-
sis indicates a moderate effect size, this finding should be
evaluated in the context of the methodological rigor of the
included studies. It was found that nearly half of the studies
included in this analysis did not meet WWC standards or
met them only with some reservations. This high propor-
tion of methodologically limited studies indicates that the
current “evidence-based” status of ToM interventions, as
previously categorized by the NAC (2015), remains fragile.
It demonstrates that higher-quality, rigorous experimental
validation is needed for these interventions to be evaluated
as evidence-based.

This result is lower than the high effect size (g=0.75)
reported in the meta-analysis of Hofmann et al. (2016). Dif-
ferences in participant age groups, the scope of interven-
tion programs, and the variety of assessment tools used may
explain the discrepancy between the findings. Although the
analysis results revealed that theory of mind interventions
had a moderate effect on theory of mind skills, the fact that
the interventions and dependent variables were very simi-
lar in most of the studies examined suggests that these high
effect sizes may be context-dependent. The limited avail-
ability of generalisation and persistence data in the studies
reviewed necessitates a cautious approach regarding the
generalisability of these interventions to everyday life.

ToM skills are associated with core aspects of daily
life such as social interactions (Hughes & Leekam, 2004;
Preckel et al., 2018), friendships (Fink et al., 2015), empa-
thy (Preckel et al., 2018), and communication (Sidera et al.,
2018). Therefore, ToM intervention programs are suggested
to have the potential to improve the social interaction and
communication skills of individuals diagnosed with ASD.
From an educational perspective, such programs could offer
practical and functional benefits by enhancing the participa-
tion of individuals with ASD in social life. For example, in
a study by Soorya et al. (2015), a ToM intervention program
delivered to youth with ASD aged 8—11 years was evaluated
by parents through questionnaires, and the results indicated
moderate to high satisfaction. The severe underreporting
of findings regarding generalizability and social validity
in ToM intervention studies constitutes a significant meth-
odological and clinical limitation. Without this data, the
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practical significance of the observed moderate effect size
remains largely theoretical. The essence of using social cog-
nitive training with individuals with ASD is in the imple-
mentation of these skills in everyday life in order to cope
with complex social situations. However, current research
does not reveal a clear relationship between test results and
actual changes in the lives of individuals and their relatives.
Since ToM intervention programs are not yet fully recog-
nized as evidence-based practices (NAC, 2015), systemati-
cally reporting generalization and social validity data would
significantly strengthen practices in this field. Such data can
play a fundamental role in developing interventions that
support individuals with ASD in applying socially mean-
ingful skills within real-life contexts.

Moreover, ToM skills are associated with other abilities
such as joint attention (Sodian & Kristen-Antonow, 2015),
emotion recognition (Mier et al., 2010), imitation (Melt-
zoff & Decety, 2003), symbolic play (Lam & Yeung, 2012),
self-awareness (Vogeley et al., 2001), executive function
(Ahmed & Stephen Miller, 2011), and working memory
(Lecce et al., 2017). Structuring ToM intervention programs
to support these related skills could potentially enhance the
programs’ overall effect size and promote the long-term
maintenance of acquired skills.

In our study, the subgroup analyses revealed no sig-
nificant differences in the effectiveness of ToM interven-
tion programs based on variables such as research design,
age group, delivery format, number of sessions, or session
duration. This finding supports the homogeneity among the
studies included in the meta-analysis and the suitability of
the fixed-effects model. However, Hofmann et al. (2016)
reported that intervention duration and session length sig-
nificantly impact intervention effectiveness. The differences
between the present study and the findings of Hofmann et
al. may be attributable to methodological factors such as
sample characteristics, intervention content, and the vari-
ety of methods and techniques employed. Therefore, future
research should examine how sample characteristics, inter-
vention content, and instructional methods and techniques
influence intervention effectiveness. Such investigations
inform the development of more practical applications that
enhance the impact of ToM intervention programs on target
populations.

In this meta-analysis, approximately half of the included
studies employed RCTs, while the other half used quasi-
experimental designs. RCTs use random assignment, allow-
ing for causal inferences, whereas quasi-experimental
designs do not include random assignment to experimen-
tal and control groups (Shadish et al., 2002). This limita-
tion can result in nonequivalent groups at baseline and has
contributed to some studies not meeting the WWC stan-
dards. Random assignment is not always feasible in applied

@ Springer

studies involving individuals with special needs (Gersten
et al., 2005). In interventions aimed at improving complex
social-cognitive skills such as ToM in individuals with ASD,
action research may be preferred, as it allows for the itera-
tive refinement of interventions within a context-sensitive
process (Baglin, 2007). This approach enables improve-
ments through feedback from stakeholders involved in the
intervention process, offering a new perspective on ToM
interventions. Nevertheless, regardless of the design type, it
is critical that researchers explicitly report how they ensure
internal and external validity, as this transparency is essen-
tial for the accurate interpretation of findings (Miller et al.,
2020).

Most reviewed studies were conducted with children
aged 5-10 years, with only one study including adult par-
ticipants. This finding aligns with the meta-analysis results
of Lewis and van Schalkwyk (2020), who reported that
intervention programs for individuals with ASD are typi-
cally designed for those under 18 years of age. Similarly,
Wong et al. (2015) noted that interventions generally target
preschool- and elementary-aged children, with relatively
few studies focusing on adolescents. However, adolescents
with ASD are known to experience considerable challenges
in forming friendships (Petrina et al., 2016), initiating and
maintaining social interactions (Schroeder et al., 2014),
and developing communication skills (Humphrey & Lewis,
2008), all of which are closely related to ToM (Ma et al.,
2023). These findings highlight the need for ToM-based
social skills interventions targeting adolescent and adult
populations. Expanding ToM-based interventions that foster
social-cognitive development to include these age groups
is essential for evaluating their effectiveness. Such inter-
ventions have the potential to function as practical tools in
supporting the independent social lives of adolescents and
adults with ASD.

An evaluation of the included studies regarding compli-
ance with the WWC standards revealed that nine studies
met the standards without reservations, eight did not, and
three met the standards with reservations. The primary rea-
sons for noncompliance were methodological limitations
and baseline inequalities between the experimental and con-
trol groups. These disparities may stem from the inherent
nature of the study design and the natural heterogeneity of
individuals with ASD (Geschwind & Levitt, 2007; Grove
et al., 2019). In this context, it is important to adopt a cau-
tious approach when interpreting the effect sizes derived
from studies that do not meet WWC standards, particularly
concerning the generalizability of the findings. Designing
studies that account for the individual differences in peo-
ple with ASD may strengthen the methodological rigor of
future intervention research.
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Most of the studies included in this research were based
on group-based instruction. The literature provides substan-
tial evidence supporting the effectiveness of group inter-
ventions for individuals with ASD (Driisedau et al., 2023;
Krasny et al., 2003; Palmen & Didden, 2012). The present
study also revealed that interventions that significantly con-
tributed to the overall effect size (Begeer et al., 2011, 2015;
Berg, 2002) were implemented in a group format. How-
ever, subgroup analyses indicated no significant difference
in the interventions’ impact when delivered individually or
in groups. This finding aligns with the results of Tachibana
et al. (2018). While group interventions may offer valu-
able social opportunities for skills such as ToM that require
reciprocal interaction, it should also be acknowledged that
individuals with ASD may not fully benefit from group
activities owing to their limited holistic perspective (Happé
et al.,, 2001). Therefore, future research could focus on
hybrid intervention models that integrate elements of both
group and individual instruction, tailored to the specific
needs of participants.

The analysis revealed notable limitations in reporting
social validity, maintenance, and generalization findings
across the included studies. The fact that 80% of the stud-
ies did not report social validity data is a significant limita-
tion. Without this information, the practical significance of
the moderate effect size found remains debatable. Likewise,
there is no data on the extent to which these skills are main-
tained and used in natural settings. In particular, the lack
of examination of skill generalization to natural environ-
ments and the absence of maintenance assessments make it
challenging to evaluate the long-term effects of intervention
programs (Begeer et al., 2011). However, applying social-
cognitive skills in everyday life is critical for enabling
individuals to participate actively in social contexts. There-
fore, systematically reporting social validity data in future
research is essential to determine how effective intervention
programs are in real-world settings.

It was also observed that generalization data were largely
absent from the included studies. However, generalization—
transferring acquired skills across different people, settings,
and situations—is critical to skill development (Skinner,
1953). Research has shown that individuals with ASD often
face difficulties in generalizing learned skills (Brown &
Bebko, 2012). Given that ToM is a skill applied continu-
ously across various social contexts, it is necessary to sys-
tematically plan opportunities for generalization during the
development of ToM-focused interventions. For example,
only one study in the present meta-analysis exposed partici-
pants to natural environments such as shopping malls and
restaurants after the intervention, ensuring that the target
skills were practiced in these settings (Ozonoff & Miller,
1995). Such practices represent important strategies for

promoting the generalization of ToM skills and should be
considered in future intervention designs.

Limitations and Recommendations

This study has several limitations. First, many of the included
intervention programs targeted ToM and other related skills,
which limits the ability to attribute the observed effect size
exclusively to ToM. Future research should separate inter-
vention components to enable meta-regression analyses that
identify sources of variance more precisely.

Second, the current meta-analysis included only experi-
mental and quasi-experimental studies, even though the lit-
erature search identified single-case designs. Incorporating
single-case studies in future meta-analyses may expand the
evidence base and provide insights from diverse method-
ological perspectives.

Third, an examination of the sample characteristics of the
included studies—notably the average age of 11 and the use
of tasks requiring higher-order cognitive abilities, such as
second-order false belief and recursive thinking—suggests
that the individuals in the sample possess high linguistic
and cognitive skills. A significant limitation of this study is
that IQ and language ability scores were not systematically
reported in the synthesized studies, preventing analysis of
the moderating effects of these variables on effect sizes. The
exclusion of this data from the analysis process makes it
difficult to generalize the moderate effect size to an autis-
tic population with intellectual disabilities or significant
language delays. Future research could address cognitive
diversity across the spectrum more inclusively and examine
the moderating effect on effect size by including participants
with different 1Q/language profiles in the meta-analysis.

Fourthly, within the scope of this research, it was observed
that some studies included in the meta-analysis did not fully
meet WWC standards due to initial inequalities between the
experimental and control groups. In such situations, where
group equivalence cannot be fully ensured through ran-
dom assignment, validity issues may arise in studies with
small sample sizes. Furthermore, in these studies, post-test
results were reported without adjusting for pre-test differ-
ences between the experimental and control groups. As this
may lead to an overestimation of effect sizes, the effect sizes
reported in this meta-analysis should be interpreted with
caution. Future primary studies involving interventions tar-
geting theory of mind should ensure baseline equivalence
between the experimental and control groups and report the
intervention’s effects using analyses that correct for pre-test
differences based on post-test results.

Given the pronounced social and communication chal-
lenges in individuals with ASD, ToM interventions remain
a promising and functional approach (2015; Hofmann et
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al., 2016). Future research could integrate action research
approaches (Huang, 2010) that combine practical improve-
ment with theoretical knowledge, allowing for flexibly
structured interventions tailored to the heterogeneous needs
of this population.

Fifth, the moderator analyses conducted in this study
based on variables such as age, intervention type, and ses-
sion duration may lack sufficient statistical power due to
the limited number of studies included in the meta-analy-
sis (n=15). Therefore, the findings from these moderator
analyses should be interpreted not as definitive conclusions,
but as exploratory preliminary evidence for future studies.
Future research could include a larger number of carefully
designed studies in the analysis to increase statistical power
and ensure a more reliable examination of potential modera-
tor effects; it could also explore additional moderators, such
as cognitive abilities and language skills, to better reflect
individual differences within the autism spectrum.

Sixth, the failure to report or even plan for data on gen-
eralizability and social validity in the studies included in
this review poses a major obstacle to assessing the long-
term clinical benefits of ToM interventions. This dearth
of research makes it difficult to know whether the skills
learned through ToM interventions are retained across indi-
viduals and contexts, or translate into socially meaningful
changes for participants’ lives. The practical significance of
the observed moderate effect size is therefore highly debat-
able, given that social validity data were reported in only
20% of the included studies (n=4) and generalizability to
natural settings was examined in even fewer. Future work
should focus on including multiple social validity indices
and on generalizability to naturalistic settings to address the
gap between experimental and real-world effectiveness.

Finally, limitations in the ability to understand others’
mental states may increase the risk of experiencing bully-
ing during early adolescence (Shakoor et al., 2012). A meta-
analysis by Park et al. (2020) found that 67% of children
with Autism Spectrum Disorder (ASD) experienced bully-
ing. One factor that increases this risk in early adolescence
is an inability to understand others’ mental states adequately.
It is important to note that the Theory of Mind (ToM) inter-
ventions examined in this study differed in their content.
Some programmes primarily target skills such as emotion
recognition or understanding false beliefs, while others
emphasise interpreting others’ intentions and thoughts in
social interactions. Therefore, it is thought that designing
ToM-based interventions that include perspective-taking
and emotion recognition skills, in addition to focusing on
interpreting others’ intentions, may help reduce the risk of
bullying in children with ASD. Furthermore, ToM skills
can be indirectly incorporated into various preventive
approaches, such as identifying bullying, understanding the
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bully’s thoughts and intentions, and resisting bullying by
considering the bully’s perspective.

Conclusion

As demonstrated in this review, the positive effects of ToM
intervention programs for individuals with ASD are sup-
ported by meta-analytic evidence. While the overall find-
ings are positive, it should not be overlooked that nearly
half of the included studies did not meet WWC standards
or met them only with some reservations when interpreting
the average effect size. Additionally, the significant lack of
data on social validity and generalizability creates a major
gap regarding the validity and practical application of these
interventions in daily life. To strengthen our understanding
of the effectiveness of ToM interventions for individuals
with ASD, additional evidence from high-quality random-
ized controlled trials is needed.
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