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Abstract
Existing theory of mind (ToM) measures for children meet 
challenges from three perspectives. Developmentally, they 
lack items covering the entire spectrum of ToM abilities, 
namely, the early, basic and advanced levels. Dimensionally, 
most measures are unidimensional, not distinguishing 
between cognitive and affective ToM. Practically, most 
measures rely heavily on verbal abilities or lack engaging 
formats. This study aimed to address these critical issues 
by developing a Theory of Mind Assessment (ToMA). 
The items were generated based on classical scenarios 
spanning all developmental levels. The responses from 
574 neurotypical children aged 37 to 194 months were 
analysed using the multidimensional Rasch model. Ten 
items showed satisfactory model fits when classified into 
cognitive (4 items) and affective (6 items) domains, with 
16 misfit items excluded. Two items seemed easier for girls 
and two for boys, and the item difficulties were adjusted. 
The mean Rasch person reliabilities were 0.78 and 0.81. The 
scores exhibited small and high correlations with subjective 
and objective criteria. The newly developed measure may 
offer reliable, valid and sex- unbiased assessments while 
satisfying developmental, multidimensional and practical 
requirements. It seems promising for application in clinical 
and research settings and is worthy of future refinement and 
validation to provide high- quality ToM assessment.

K E Y W O R D S
multidimensional, psychometric property, Rasch analysis, theory of mind

Theory of mind (ToM) is an ability to infer others' mental states (Premack & Woodruff, 2010), en-
compassing intentions, desires, beliefs and emotions (Green et al., 2008). Accurately understanding 
others' mental states aids in the interpretation of social behaviours and guides appropriate responses for 
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smooth social interactions (Green et al., 2008). Growing evidence indicates that individuals with vari-
ous diagnoses, such as autism spectrum disorders and schizophrenia, exhibit deficits in ToM, consider-
ably explaining their social dysfunction (Cotter et al., 2018). Previous findings preliminarily suggest that 
clinical intervention can improve patients' ToM levels and promote their motivation to engage in inter-
actions with others (Dyrda et al., 2020; Holeva et al., 2024; Kurtz & Richardson, 2012). Furthermore, 
the development of ToM correlates with the development of social function, independent living and 
overall quality of life (Hughes & Leekam, 2004; Peterson et al., 2016). Accordingly, ToM assessments 
are a crucial prerequisite for research on and clinical management of individuals with ToM deficits, 
particularly children.

Remarkable numbers of ToM measures are available for children both with and without diagnoses 
(Fu et al., 2023). According to another review article (Osterhaus & Bosacki, 2022), the most frequently 
used ToM measures for children and adolescents include the Strange Stories (Happe, 1994), the Reading 
the Mind in the Eye Test (Baron- Cohen et al., 2003), the series targeting higher- order false belief 
(Perner & Wimmer, 1985), the Faux Pas Task (Baron- Cohen et al., 1999) and the Triangles Test (Castelli 
et al., 2000). However, previous studies have revealed low correlations among these representative ToM 
measures (Hayward & Homer, 2017; Warnell & Redcay, 2019), implying that these measures may not 
assess the same ability. Although the findings may also be a consequence of correlation attenuation due 
to low reliability or inconsistent factor structures across ages (Osterhaus & Bosacki, 2022), these expla-
nations raise concerns about the reliability and validity of these ToM measures. Thus, users are advised 
to select the most appropriate measure depending on the research questions based on a documented 
framework (Osterhaus & Bosacki, 2022).

To resolve the limitations, an important prerequisite is to identify the problems. Based on a recent 
systematic review (Fu et al., 2023), these limitations can be addressed from three perspectives: devel-
opmental, multidimensional and practical. From the developmental perspective, few ToM measures 
include items assessing the entire spectrum of ToM levels (Fu et al., 2023), namely, the early (developed 
at 1–2 years old), basic (developed for preschool age) and advanced (developed for school age) levels. 
For instance, the well- known Sally- and- Anne test assesses the understanding that others' beliefs may 
be counter to reality, also known as first- order false belief, which is developed at the basic level (Baron- 
Cohen et al., 1985). In contrast, the Faux Pas Task assesses the awareness of embarrassments in social 
interaction, an ability developed at the advanced level (Stone et al., 2003). Consequently, the ToM scores 
provided by these measures are incomparable due to the mismatched ToM levels, leading to heterogene-
ity in research findings. If items assessing different ToM levels can be included in a single measure with 
jointly calibrated item parameters, such a measure can promote the comparability of findings across 
studies and thus be suitable for longitudinal investigations in children of different ages. In addition, 
measures with all representative ToM items can ensure the comprehensiveness of ToM assessments, 
given the possibility that these ToM measures may reflect distinct abilities that cannot be combined 
(Warnell & Redcay, 2019). Therefore, there is a need for a ToM measure that includes items assessing 
the entire spectrum of developmental levels.

From the multidimensional perspective, numerous factor structures have been proposed to sup-
port the score calculations and interpretations of ToM assessments. One structure, for example, 
targets the developmental stages of ToM (Hutchins et al., 2014), which include three factors, namely, 
the early, basic and advanced domains. Another structure can be constructed depending on the con-
tent (Hutchins et al., 2014), such as classifying the same ToM items into emotion recognition, men-
tal state comprehension and pragmatics domains. A third structure is replicable in children across 
ages (Osterhaus et al., 2016), which captures three mentalizing processes: social reasoning, reason-
ing about ambiguity and recognizing the transgression of social norms. The last structure focuses 
on the nature of mental states, distinguishing between cognitive ToM (CToM) and affective ToM 
(AToM), where CToM involves inferences of mental states irrelevant to emotions and AToM in-
volves emotion- related mental states (Dvash & Shamay- Tsoory, 2014; de la Osa et al., 2016). Among 
these structures, the distinction between CToM and AToM should be particularly highlighted be-
cause they involve different brain regions (Dvash & Shamay- Tsoory, 2014; de la Osa et al., 2016), 
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indicating that they may represent distinct abilities. However, the empirical evidence for separating 
CToM and AToM is absent, leaving the validity of this structure unknown. Thus, at a minimum, 
optimized ToM measures should separate CToM and AToM into different domains to improve the 
construct validity.

From the practical perspective, many of these measures are inaccessible to children with language 
impairments in comprehension and expression (Fu et al., 2023). For one thing, most measures pres-
ent scenarios using spoken stories, sometimes with accompanying photos, which can be challenging 
for those with difficulty in language comprehension (Fu et al., 2023). For another, the reliance on 
open- ended questions in many measures poses challenges to children with difficulty in language 
expression (Fu et al., 2023). Accordingly, the ToM scores may underestimate the actual abilities of 
these children, as they may possess the knowledge but struggle to articulate it due to their limited 
language abilities. Furthermore, the validity of these ToM scores may be constrained due to sig-
nificant correlations with language functions (Osterhaus & Bosacki, 2022). To address this issue, 
ToM measures should minimize the influences from language function and optimize the utility in 
children across different conditions.

The identified limitations can be resolved through the following methods to improve the validity 
and appropriateness of assessing children's ToM abilities. Regarding the developmental perspective, 
including items that span the entire spectrum of ToM development in a measure is crucial. As for the 
multidimensional perspective, the CToM and AToM items should be divided into different domains. 
It is also important to examine the underlying structure to ensure the unidimensionality of each do-
main (Lee, Lin, Huang, et al., 2021; Lee et al., 2023; Wellman & Liu, 2004). Considering the practical 
perspective, presenting the items with a series of images could offer more accessible information and 
might be a compromise solution for two reasons. First, measures with visual prompts may decrease 
interference from difficulties in language comprehension (Garcia- Molina & Clemente- Estevan, 2019; 
Sperotto, 2016). Second, videos may have negative effects on children's performance on ToM tasks 
(Anderson & Pempek, 2005; Reiß et al., 2017).

Furthermore, the Rasch model helps optimize the measurement properties of ToM measures for 
three reasons. First, the Rasch model yields interval scores, enabling the interpretation of differences in 
magnitude (Hays et al., 2000). Second, it provides an individual reliability index, facilitating the inter-
pretation of the findings (Hays et al., 2000). Third, it allows the developers to examine the inconsistent 
item difficulties for boys and girls, thereby ensuring fair assessment (Lee et al., 2022; Zieky, 2003). In 
addition, the Rasch model is also available for multidimensional constructs, making it well suited for 
constructing a ToM measure. In conclusion, the multidimensional Rasch model is an ideal solution to 
optimize ToM measures, as it satisfies all considerations from developmental, multidimensional and 
practical perspectives.

This study aimed to develop a ToM assessment (ToMA) to satisfy the requirements from the three 
aforementioned perspectives simultaneously. Regarding the developmental requirement, the ToMA 
should include items tailored to all levels of ToM development. To meet the dimensional requirement, 
the ToMA should employ a multidimensional model to delineate CToM and AToM. To satisfy the 
practical requirement, each ToMA item should be presented using a series of images, and the responses 
should be obtained through forced- choice questions. To further optimize measurement properties, the 
ToMA was developed based on the multidimensional Rasch model, particularly ensuring the fairness of 
assessments between boys and girls. Therefore, the ToMA could be useful for monitoring and compar-
ing ToM developments across preschool and school- age children.

METHOD

Transparency and openness

This study's design and its analysis were not preregistered.

 20448295, 0, D
ow

nloaded from
 https://bpspsychub.onlinelibrary.w

iley.com
/doi/10.1111/bjop.12785 by C

apes, W
iley O

nline L
ibrary on [22/04/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense
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Participants

This prospective study analysed data obtained from three ongoing research projects. Two projects 
aimed to develop and validate the ToMA items designed for preschoolers and school- age children 
with eight and 13 items (Fu, 2017; Fu et al., 2024; Liu, 2020), respectively. The remaining project 
aimed to develop the ToMA items for the entire spectrum of ToM development with a wider age 
band. We collected the data through different projects because responding to all the ToMA items 
would be burdensome and could lead to cognitive fatigue in children, as they might face a series of 
difficult items that they were unable to answer due to incomplete development in these abilities. To 
minimize the negative influences on children, all the ToMA items were administered to children 
in only one of the projects. The participants were recruited from preschools, elementary schools 
and after- school care facilities in Tainan City, a major population center in southern Taiwan. The 
inclusion and exclusion criteria were the same across the three projects; that is, children were 
included if they were regarded as neurotypical by both parents and teachers. The only exception was 
that the children's ages differed across projects, with children aged 3–6 (Fu, 2017; Fu et al., 2024), 
6–12 (Liu, 2020) and 3–12 years old targeted in the respective projects. Children within this age 
band were targeted because most ToM abilities develop in this period. Regardless of the projects, 
the participants were excluded if they had a diagnosis of any neurodevelopmental disease (e.g. 
autism spectrum disorder), had uncorrectable visual or auditory impairment, or were unfamiliar 
with Mandarin Chinese. The data collection was approved by the Institutional Review Board of the 
National Cheng Kung University Hospital (BR- 105- 020- T).

A total of 574 children, with roughly equal numbers (50.3% vs. 49.7%) of boys and girls, participated 
in this study. Approximately 39.5% and 34.7% of the children completed the sets of ToMA items for 
preschoolers (8- item version) and school- age children (13- item version), while 25.8% of the children 
completed the items for the entire spectrum of development. The mean age was 82.2 months, with ages 
ranging from 37 to 194 months. They were at the early and basic levels of development of ToM compe-
tence and performance. Details are listed in Table 1.

Procedures

The children and their caregivers were invited to participate in this study and received an explanation 
of the procedures and purposes. Oral assent and informed consent were obtained from the children 
and their caregivers if they agreed to participate. Then the children were assessed with the Verbal 
Comprehension Index (VIC), the ToMA items and the external ToM measure (i.e. Theory of Mind 
Task Battery), while their caregivers completed a questionnaire on demographic characteristics and 
the Theory of Mind Inventory–Second Edition. All assessments were completed in a quiet room 
and administered by licensed occupational therapists familiar with these measures. The ToMA was 
administered using a computer program, and the children responded to the questions by pressing the 
option buttons.

Measures

To satisfy the requirement from the developmental perspective, the ToMA items were designed based 
on the most classical and representative scenarios used in the existing ToM measures for children aged 
3–12 (Fu et al., 2023). The selected scenarios included emotion distinction (2–3 years) (Sivaratnam 
et al., 2012), diverse desires (3–4 years) (Wellman & Liu, 2004), first- order false belief (including un-
expected content and location design, 4–6 years) (Baron- Cohen et al., 1985), second- order false belief 
(6–8 years) (Perner & Wimmer, 1985), lie (7–8 years) (Happe, 1994), white lie (7–8 years) (Broomfield 
et al., 2010; Happe, 1994), irony (7–8 years) (Filippova & Astington, 2008; Happe, 1994), third- order 
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    | 5DEVELOPMENT OF THE ToMA

false belief (8–10 years) (Nettle & Liddle, 2006), real apparent emotion (8–10 years) (Happe, 1994) and 
faux pas (9–11 years) (Baron- Cohen et al., 1999).

Regarding the dimensional requirement, the characteristics and stories for CToM and AToM items 
were different to avoid biases caused by assessing CToM and AToM using the same story. The differ-
ences between CToM and AToM with the same scenario can be seen in Figures 1 and 2, which present 
the unexpected content items as examples. The domains of the ToMA items were determined by the 
inferred mental states related to CToM and AToM, in accordance with evidence reported in previous 
studies (Dvash & Shamay- Tsoory, 2014; de la Osa et al., 2016).

As for the practical requirement, the ToMA items were scored based on three forced- choice ques-
tions: justification (whether the children demonstrate the targeted ToM abilities), control (whether the 
children understand the scenario), and confirmation (whether the children's responses are based on 
ToM abilities and not just guesses) questions. The responses to these questions were used to determine 
the item score within a binary scale, wherein the points would be awarded if all questions were answered 
correctly. In addition, a description and cartoon images were composed for each item to maximize the 
understandability and accessibility to the targeted children.

T A B L E  1  Characteristics of the children (n = 574).

Characteristic Value

Boys, n (%) 289 (50.3)

Age (months), Mean (SD) 82.2 (29.7)

VCI, Mean (SD) 110.7 (14.2)

ToMTB, Mean (SD)

Advanced 2.6 (1.9)

Basic 2.8 (1.5)

Early 4.5 (0.7)

Total 9.9 (3.6)

ToMI- 2, Mean (SD)

Advanced 12.9 (4.4)

Basic 16.6 (2.3)

Early 17.3 (1.7)

Total 15.6 (2.4)

Abbreviations: ToMI- 2, Theory of Mind Inventory–Second Edition; ToMTB, Theory of Mind Task Battery; VCI, Verbal Comprehension 
Index.

F I G U R E  1  An example of an image series for a CToM item (C_LI1).

 20448295, 0, D
ow

nloaded from
 https://bpspsychub.onlinelibrary.w

iley.com
/doi/10.1111/bjop.12785 by C

apes, W
iley O

nline L
ibrary on [22/04/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



6 |   LEE et al.

This study analysed a total of 26 items classified into two domains: CToM (7 items) and AToM (19 
items). The content validity and suitability of the items for children aged 3–12 years were reviewed and 
approved by an expert panel. In addition, the understandability and accessibility of the ToMA items for 
the targeted children were confirmed using the cognitive debriefing method.

The VCI was used to evaluate the children's language function. Depending on whether the chil-
dren were younger or older than 6 years, the index was obtained from the Taiwanese versions of the 
Wechsler Preschool and Primary Scale of Intelligence—Fourth Edition (consisting of the Information 
and Similarities subtests) (Wechsler, 2012), or the Wechsler Intelligence Scale for Children—Fourth 
Edition (comprising the Vocabulary, Similarities and Comprehension subtests) (Wechsler, 2003). Both 
measures demonstrate good test–retest reliability (coefficients ranging from 0.72 to 0.94), reliability and 
validity in neurotypical children (Chen & Chen, 2007, 2013).

The Theory of Mind Task Battery and the Theory of Mind Inventory–Second Edition were used 
as external criteria regarding the concurrent validity (Hutchins et al., 2014). These two measures 
were used because they reflect different ToM concepts (ToM competence in a standardized envi-
ronment vs. ToM performance in real- life contexts). The Theory of Mind Task Battery comprises 
15 items embedded in 9 vignettes. The items are rated dichotomously (as fail or pass), and the total 
score range is 0–15 points. The Theory of Mind Inventory—Second Edition, on the other hand, 
contains 60 caregiver- reported items. The items are rated using a 20- point visual analogue scale with 
labels, ‘definitely not (zero points)’ and ‘definitely (20 points)’, at the opposite ends. Both measures 
provide a total score and three domain scores representing the early, basic and advanced levels 
of ToM. We used the Taiwanese versions of the Theory of Mind Task Battery and the Theory of 
Mind Inventory–Second Edition, as these versions have shown adequate reliability (Cronbach's � 
> 0.90 and intraclass correlation coefficient for test–retest reliability >0.86) and validity (Pearson's 
correlation coefficient between both measures, 0.48) (Chen et al., 2023; Chiu et al., 2016). In the 
current study, the Cronbach's � values of the Theory of Mind Task Battery and the Theory of Mind 
Inventory—Second Edition were 0.84 and 0.81, respectively.

Data analysis

We initially examined the data–model fits of the multidimensional Rasch model using both infit 
and outfit mean squares (Wright & Linacre, 1994). The expected values of both statistics are 1.0. A 
value larger than 1.0 generally indicates that children's responses do not fit well to the Rasch model 
(i.e. misfit), while a value smaller than 1.0 represents that children's responses are predictable (i.e. 
overfit) (Wright & Linacre, 1994). We defined misfit items as those showing any fit statistic value 
exceeding 1.2 (Wright & Linacre, 1994), and such items were removed iteratively until the remaining 
items showed satisfactory model fits. The correct percentages were further considered to ensure 

F I G U R E  2  An example of an image series for an AToM item (A_LI1).
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the validity of all retained items. However, the overfit items, which exhibited any fit indices smaller 
than 0.8, were retained to include as many of the ToMA items as possible. The item coverage was 
demonstrated using an item–person map. The Rasch analysis was conducted in ConQuest—Second 
Edition (Wu et al., 2007).

Then we examined the differential item functioning (DIF) of sex for the remaining items by com-
paring the item difficulties of the ToMA items estimated for boys and girls, separately (Zieky, 2003). 
The existence of DIF of sex was determined by DIF values and Z score significance (Lee et al., 2022). 
DIF values exceeding a range of ±0.38 indicated a large and unneglectable difference (Zieky, 2003). Z 
score, a ratio of the DIF values to the corresponding SE, exceeding a range of ±1.96 was regarded as a 
significant difference because the differences could not be explained by random error of the estimations 
(Lee et al., 2022). The item difficulties were adjusted according to the children's sex if both the DIF 
value and Z score indicated the presence of a DIF of sex (Lee et al., 2022).

Principal component analysis was conducted to examine whether any common factors underlay the 
standardized residuals of the Rasch analysis (Linacre, 1998). The existence of a common factor was 
determined by eigenvalues. An eigenvalue larger than three was regarded as a cut- off because it is the 
lowest requirement to form a common factor (Costello & Osborne, 2005).

The Rasch person reliability was calculated for each child. The mean Rasch person reliability was 
also used to assess the overall performance of the ToMA for group- level comparisons. The percentages 
of children obtaining Rasch person reliability over 0.90 and 0.70 were calculated to describe the perfor-
mance of the ToMA in individual- level comparisons (Lee, Lin, Liu, et al., 2021), where reliability coef-
ficients over 0.90 and 0.70 were regarded as good and acceptable (Aaronson et al., 2002), respectively. 
Note that the imputation was adopted because the data were combined across three research projects 
wherein the numbers of ToMA items administered to the children were inconsistent and would have 
been biased with the raw data.

Pearson's correlation coefficient (Pearson's r) was used to examine the concurrent validity and even 
the inter- domain correlations. Pearson's r values over 0.1, 0.4 and 0.7 were considered to indicate low, 
moderate and high correlations (Akoglu, 2018), respectively. High correlations were anticipated for 
the ToMA and the total score of the Theory of Mind Task Battery compared to the Theory of Mind 
Inventory–Second Edition because both the ToMA and the Theory of Mind Task Battery assess ToM 
competence. In contrast, low correlations were expected between ToMA and VCI scores, as they could 
be considered evidence of divergent validity.

R ESULTS

The 26 ToMA items were analysed. After the removal of 16 items, the remaining items showed satisfactory 
model fits (infit statistics = 0.88–1.15; outfit statistics = 0.58–1.11). The percentages of correct responses 
are presented in Table A1. Four AToM items demonstrated substantial DIF of sex (DIF values = −2.67 
to −2.35 and 1.50 to 1.82). Among them, two DIF items (i.e. emotion distinction and diverse desire) 
were easier for girls than for boys and two items (i.e. lie and white lie) were easier for boys, as shown 
in Table 2. Residual- based principal component analysis showed that no common factors underlay the 
standardized residuals of the ToMA items, with the largest eigenvalue being 1.8.

The distributions of the item difficulties generally covered the targeted children, except the dis-
tribution of children with low and moderate levels (CToM = −6.4 to −1.2 logits; AToM = −4.4 to 0.4 
logits) of ability (Figure 3). The average Rasch reliabilities of the CToM and AToM were 0.78 and 0.81, 
respectively. Approximately 90% of the children obtained individual Rasch reliabilities over 0.70 for the 
CToM and AToM domains, while about 55% achieved individual Rasch reliabilities over 0.80.

Correlational analysis showed extremely high inter- domain correlations between CToM and AToM 
scores (r = 0.99). The ToMA scores demonstrated high correlations with the Theory of Mind Task Battery 
(both rs of the CToM and AToM were 0.80 when rounded to two decimal places), while those with the 
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8 |   LEE et al.

Theory of Mind Inventory—Second Edition were moderate (both rs of the CToM and AToM were the 
same, 0.37). Low correlations (rs = 0.15 and 0.16) were found between the ToMA and VCI scores.

DISCUSSION

This study aimed to develop a reliable and valid ToM measure based on the requirements from the 
developmental, multidimensional and practical perspectives. The findings show that the newly developed 
ToMA may provide generally reliable, valid and feasible assessments of CToM and AToM abilities, 
although the separation of CToM and AToM abilities was not strongly supported by the empirical 
data. The ToMA shows great applicability for both clinical and research users, for it includes the most 
classical and representative scenarios covering the entire spectrum of ToM development levels (from 
early to advanced); it offers interval scaling and an individualized reliability index due to its development 
based on an advanced testing model (the Rasch model); and it presents items using cartoon images with 
forced- choice questions to minimize the barriers caused by language impairment. Accordingly, the 
ToMA seems to be a promising measure assessing CToM and AToM in children across developmental 
stages, and it is worthy of future refinement and validation to optimize its psychometric properties. 
Moreover, its development may shed some light on the complexity of ToM structures for children across 
developmental stages, as the current study offers empirical evidence for separating CToM and AToM 
into different domains.

Ten ToMA items showed satisfactory model fits to the multidimensional Rasch model. In addition, 
the largest eigenvalue provided by the residual- based principal component analysis was small, suggest-
ing that no common factors existed across the residuals of ToMA items. The findings support that the 
ToMA items are suitable for the Rasch model because the children's responses to the items matched 
the Rasch model's assumptions, including the unidimensionality of each domain. Moreover, the find-
ings also indicate that the parameters estimated based on the Rasch model are valid, including item 
difficulties and two ToM scores. Furthermore, the high correlations with the Theory of Mind Task 
Battery and the moderate correlations with the Theory of Mind Inventory—Second Edition support 
the convergent validity of the ToMA. The findings also imply that the ToMA scores may be more likely 
to reflect explicit ToM rather than applied ToM. In contrast, the low correlation with the VCI suggests 
that the ToMA is not dominated by language function and supports its divergent validity. Based on 
these findings, the validity of the CToM and AToM scores is preliminarily supported for children across 
developmental stages.

T A B L E  2  Model fit, DIF of sex and adjusted item difficulty for boys and girls in the ToMA items.

Domain No. Item
Outfit 
statistics

Infit 
statistics

DIF 
value

Z 
score

Item difficulty 
(boy)

Item difficulty 
(girl)

CToM 1 C_TF1 1.04 1.15 0.27 1.36 1.72

2 C_SF1 0.74 0.92 0.03 0.32 0.43

3 C_LI1 1.01 1.02 −0.08 0.70 −0.81

4 C_UC1 0.77 0.90 −0.23 1.71 −1.34

AToM 1 A_WL3 0.59 0.88 1.74 3.84 2.92

2 A_UL1 1.10 1.10 −0.04 0.24 1.39

3 A_WL1 0.85 0.94 1.50 7.98 2.68 −0.32

4 A_LI1 1.02 0.98 1.82 9.73 2.37 −1.27

5 A_DD1 1.11 1.06 −2.35 11.85 −3.59 1.10

6 A_ED1 0.58 0.88 −2.67 10.56 −7.46 −2.11

Abbreviations: AToM, Affective theory of mind; CToM, Cognitive theory of mind; DD, Diverse Desires; DIF, Differential Item Functioning; 
ED, Emotion Distinction; IR, Irony; LI, Lie; RA, Real Apparent; SF, Second- order False Belief; TF, Third- order False Belief; UC, Unexpected 
Content; UL, Unexpected Location; WL, White Lie.
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    | 9DEVELOPMENT OF THE ToMA

The extremely high inter- domain correlations challenge the claim that CToM and AToM are dis-
tinct abilities. However, several factors may affect the correlations and could be considered before 
treating the ToMA items as unidimensional. First, most studies suggest that ToM is likely to be mul-
tidimensional rather than unidimensional (Hutchins et al., 2014; Osterhaus et al., 2016; Osterhaus 
& Koerber, 2021; Warnell & Redcay, 2019), although diverse structures have been proposed across 
studies. In addition, fitting to a unidimensional Rasch model resulted in more misfit items and sub-
stantially lower Rasch person reliability, which is consistent with a previous study and implies that 
the structure is inadequate (Osterhaus et al., 2016). Second, the correlations might have been over-
estimated for several reasons: (1) the ToMA points were awarded if examinees correctly answered 
three forced- choice questions, (2) the children's ToM development was ongoing and thus related 
to cognitive factors (Gallant et al., 2020) and (3) the scores were estimated using a multidimen-
sional Rasch model, which takes inter- domain correlations into account (Wang et al., 2004; Wang 
& Chen, 2004). Third, high inter- domain correlations do not always indicate the same domains; for 
example, competence and performance are highly correlated but distinct constructs (Lee et al., 2014, 
2024; Wade et al., 2018). Considering these factors, CToM and AToM may be theoretically distin-
guishable but empirically mixed. To avoid misleading users, we tentatively selected the two- factor 
structure for the ToMA.

The average Rasch reliabilities of the two ToM abilities were acceptable to modest. Moreover, about 
90% of the children achieved individual reliabilities over 0.70. These results indicate that the ToMA is 

F I G U R E  3  The item- person map of the CToM and AToM domains. AToM, Affective theory of mind; CToM, Cognitive 
theory of mind; DD, Diverse Desires; ED, Emotion Distinction; IR, Irony; LI, Lie; RA, Real Apparent; SF, Second- order 
False Belief; TF, Third- order False Belief; UC, Unexpected Content; UL, Unexpected Location; WL, White Lie.
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sufficient for group- level comparisons (Aaronson et al., 2002), which are often conducted in research 
settings, such as those for intervention and control groups. However, the ToMA's reliability was lower 
than the requirement for individual- level comparisons (Aaronson et al., 2002), such as those in clinical 
settings targeting the ToM abilities of individual children. Therefore, conservative interpretations of the 
ToMA scores are warranted for clinical practitioners to avoid misguided clinical decisions. Fortunately, 
the Rasch model contributes an individual reliability index for each ToM score. If the individual reliabil-
ity of a score is low, the ToMA can be retested to obtain a more reliable result to improve the efficacy 
of the ToM assessment.

The modest reliability for individual- level comparisons may be attributed to two factors. First, the 
lack of items suitable for children with low to medium levels of CToM and AToM may have led to lim-
ited information about their abilities, leading to lower reliability. Second, our participants were neuro-
typical children who rarely have difficulty in the development of ToM abilities. Thus, the reliability of 
the ToMA items might have been reduced because of the constrained variations in ToM abilities (Wang 
& Chen, 2004). Future studies may include more items to improve reliability. For example, joint atten-
tion items can be considered to belong to the CToM domain because they are conceptually easier than 
unexpected context items (Fu et al., 2023). Regarding the AToM domain, items that are more difficult 
than emotion distinction but easier than diverse desire items are warranted. Moreover, future studies 
may also include children with diagnoses, such as children with autism spectrum disorders, because 
their inclusion would facilitate exploration of the variations of ToM abilities and increase the reliability 
of the ToMA. After such exploration, the ToMA could be more precise and feasible for children with 
diverse ToM abilities.

Four items showed substantial DIF of sex, demonstrating that these ToMA items are not equally 
difficult for boys and girls. The findings imply that comparing ToM scores between boys and girls may 
be unfair and even biased if DIF items are not recognized without controls for their influences. Our 
findings may partially explain the female advantage in social- related assessments reported in previous 
studies (Greenberg et al., 2023; Kirkland et al., 2013), highlighting the importance of examining and 
controlling the DIF of sex on ToM assessments, as these examinations are rarely mentioned in previ-
ous studies. A possible contributor may be related to the social experiences in daily interactions (Lee 
et al., 2022). For instance, girls may have more opportunities to express their emotions and be more 
likely to care about others' feelings. Thus, girls may be more familiar with these kinds of tasks, which 
might have led to the lower item difficulty. In contrast, boys have higher frequencies of telling lies 
compared to girls (Gervais et al., 2000; Guerra et al., 2022; Lee, 2013), which may partially explain their 
familiarity with these tasks. Although the actual causes of the DIF items remain unclear, our findings 
suggest that DIF of sex may be more relevant to emotion- related tasks, as all the DIF items were AToM 
and not CToM items. Nevertheless, we controlled the influences of DIF of sex on the ToMA items 
by adjusting the item difficulties in accordance with the examinees' sex (Lee, Lin, Liu, et al., 2021). 
Accordingly, the ToMA can provide sex- unbiased assessments and improve the fairness of the ToM 
assessments for boys and girls.

Three advantages and their corresponding implications of the ToMA can be noted. First, the ToMA 
provides interval scores of children's ToM abilities, which can substantially improve the quality of ToM 
assessments, wherein most ToM items are rated dichotomously (Lee et al., 2024). Therefore, the ToMA 
scores can demonstrate the magnitude of differences in individuals directly, allowing clinical practi-
tioners to compare the ToM levels between two children or the scores obtained from the same child 
within repeated assessments. This advantage also makes the ToMA useful for researchers because inter-
val scores are a prerequisite for most parametric statistical analyses. Second, the ToMA provides indi-
vidual Rasch reliabilities and SEs for each score. Thus, users can feasibly determine whether the results 
of current assessments are reliable and consider retesting if the reliability is unsatisfactory. Moreover, 
the individual SE is useful for calculating 95% confidence intervals and interpreting whether children 
significantly improve after receiving interventions. Third, the scenarios of the ToMA items are pre-
sented using serial images, which facilitate children's understanding of the items and improve their 
motivation to complete the assessments (Fu et al., 2023). Therefore, the challenges of administering 
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    | 11DEVELOPMENT OF THE ToMA

ToM assessments can be minimized, and the efficacy of ToM assessments is improved. Based on these 
advantages, the ToMA is deemed to be a promising measure with implications for both clinical and 
research settings.

CONSTR A INTS ON GENER A LIT Y

Some limitations may be considered while interpreting the current findings. First, we included only 
neurotypical children who had relatively good ToM ability. Thus, the variations in the ToM spectrum 
and the Rasch person reliability of the ToMA might have been underestimated because no responses 
from individuals with poor ToM, such as children with autism, were included. Second, we adopted a 
stringent criterion (MNSQ <1.2) to evaluate the Rasch model fit (Aryadoust et al., 2020). Thus, some 
classical ToM items might have been deleted, and their item properties might not have been considered 
in the current study. Third, the Rasch person reliability was estimated based on the imputed data because 
only about 30% of the children completed the full sets of ToMA items. Accordingly, the generalizability 
of the findings may have been constrained and may require further cross- validation. Fourth, the ToMA 
assesses ToM competence only, so it cannot directly reflect children's real- life performances. To resolve 
this limitation, adding items to evaluate children's ToM performances can be considered, or the ToMA 
may be jointly analysed with other measures assessing ToM performance, such as the Theory of Mind 
Inventory–Second Edition.

CONCLUSION

The newly developed ToMA may provide generally reliable, valid and sex- unbiased assessments of 
CToM and AToM abilities in neurotypical children based on a tentative two- factor structure. Because 
the ToMA can satisfy the developmental, multidimensional and practical requirements that hamper the 
application of the existing ToM measures, it shows great potential for application in both clinical and 
research settings, and it is worthy of future refinement and validation to improve the quality of ToM 
assessment.
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T A B L E  A 1  The percentages of correct responses in children of different age groups.

Domain Item 3y 4y 5y 6y 7y 8y 9y 10y 11y 12y

CToM C_TF1 0 0 0 0 5 15 32 21 29 37

C_SF1 0 1 10 15 23 35 44 62 53 56

C_LI1 6 3 16 33 40 53 68 69 84 59

C_UC1 6 3 18 33 48 68 85 81 92 85

AToM A_WL2 0 1 2 8 13 26 32 40 53 41

A_UL1 18 6 15 38 45 68 68 74 82 81

A_WL1 6 3 16 32 48 50 76 81 89 89

A_LI1 6 3 16 33 53 76 90 83 92 89

A_DD1 24 32 77 80 81 94 100 98 100 100

A_ED1 76 92 98 98 98 100 100 100 100 100

Note: The values presented in this table are percentages of correct responses in each age group, which were calculated based on the data 
inputted with expected values from the multidimensional Rasch model to make the findings comparable.
Abbreviations: AToM, affective theory of mind; CToM, cognitive theory of mind; DD, Diverse Desires; ED, Emotion Distinction; IR, Irony; 
LI, Lie; RA, Real Apparent; SF, Second- order False Belief; TF, Third- order False Belief; UC, Unexpected Content; UL, Unexpected Location; 
WL, White Lie.
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