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ABSTRACT

Theory of mind (ToM) is centrally important in everyday social communica-
tion and interactions, and a growing number of studies have focused on this
social-cognitive construct in school-aged children. This study explored age-
related changes in ToM abilities and cross-cultural differences between
children from China and Australia. We recruited 126 children from China
and 83 children from Australia. The children’s cognitive and affective ToM
were measured by four tests. The findings showed that although there were
no cultural differences in Interpretive ToM and Faux Pas performances,
Chinese children performed poorer in Reading Mind in the Eyes and
Strange Stories than Australian children.

Introduction

Theory of mind (ToM) refers to the ability to attribute mental states to oneself and others (Premack &
Woodruff, 1978). This construct develops between 3 and 5 years of age (Wellman et al., 2011).
Children develop social cognition through triadic interaction with different social contexts and the
child’s environment (e.g., family environment, educational settings) (Carpendale & Lewis, 2004). For
instance, research has shown that educational environments can significantly influence ToM devel-
opment in middle school children (Smogorzewska et al., 2020). Children begin to build social
connections outside of the family, such as peer relationships, which could facilitate their ToM
(Slaughter et al., 2002). The change in social context is a good point of view for researching ToM in
middle childhood (Osterhaus & Koerber, 2021), especially from a cross-cultural perspective. Given
that ToM is a foundational social-cognitive skill that influences children’s functioning (Carlson et al.,
2013), cross-cultural comparisons are necessary because sociocultural factors play important roles in
children’s ToM (Z. Wang et al., 2016).

Advanced theory of mind in middle childhood

Advanced ToM is a broad concept and has been classified in different ways. Earlier research (Shamay-
Tsoory et al., 2005) classified ToM measures according to the level of emotional demand they
incorporated, namely, cognitive ToM, affective ToM, and mixed tasks. Cognitive ToM refers to the

CONTACT David H.K. Shum @ david.shum@polyu.edu.hk @ Mental Health Research Centre, The Hong The Hong Kong
Polytechnic University, A401a, Chung Sze Yuen Building, 11 Yuk Choi Road, Hung Hom, Kowloon, Hong Kong, SAR, China

© 2025 The Author(s). Published with license by Taylor & Francis Group, LLC.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. The terms on which this
article has been published allow the posting of the Accepted Manuscript in a repository by the author(s) or with their consent.


http://orcid.org/0000-0002-9874-3376
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/87565641.2025.2560482&domain=pdf&date_stamp=2025-09-15

2 (&) S.WANGETAL

ability to make inferences about beliefs and motivations, while affective ToM refers to the ability to
infer what a person is feeling (Sebastian et al.,, 2011). The mixed tasks assess both cognitive and
affective ToM. A more recent conceptual framework proposed by Osterhaus et al. (2016) identified
three dimensions of ToM, namely, social reasoning, recognizing transgression of social norms, and
reasoning about ambiguity. Social reasoning involves understanding and interpreting others’ mental
states in social contexts and can be measured by the Reading Mind in the Eyes (RMIE; Baron-Cohen
et al., 2001) and Strange Stories (Happé, 1994). Recognizing transgression of social norms involves
detecting when social norms are violated and can be measured by the Faux Pas test (Banerjee &
Watling, 2005). Reasoning about ambiguity pertains to navigating situations where information is
unclear or uncertain and can be measured by the Interpretive Theory of Mind task (Lalonde &
Chandler, 2002). This three-dimensional structure of ToM was supported by the results of recent
studies (Osterhaus & Koerber, 2021; Osterhaus et al., 2016). Specifically, in Osterhaus et al.’s study
Osterhaus et al. (2016), a series of ToM tasks, including false belief tasks, Strange Stories, RMIE, Faux
Pas test, and ambiguity tasks, were administered to elementary school children (8-, 9-, and 10-year-
olds). Exploratory and confirmatory factor analyses revealed these three distinct ToM factors.

Middle childhood is a crucial period for social and cognitive development, characterized by
significant advancements in ToM (Osterhaus & Bosacki, 2022; Weimer et al., 2021). Both cross-
sectional and longitudinal studies have provided evidence for the developments of ToM in middle
childhood. For example, Lagattuta et al. (2010) examined both 4- to 9-year-old children and adults’
performance on the Interpretive Theory of Mind (IToM) task. They demonstrated that the ability to
appreciate diversity and common ground in beliefs continued to develop into adulthood. Cantin et al.
(2016) found that age directly predicted children’s performance on the Strange Stories test in a sample
of 93 children, aged 7 to 10 years old. Wilson et al. (2018) also found age-related development in 5- to
12-year-old Australian children’s performance on the Strange Stories test. Osterhaus et al. (2016)
found significant age-related development for social reasoning as measured by the Strange Stories test
and reasoning about ambiguity as measured by IToM task, but not for recognizing transgressions of
social norms as measured by Faux Pas task in 8- to 10-year-old children.

Longitudinal studies have been conducted recently and provided more direct evidence of the
developmental trajectories of different dimensions of ToM. Lecce et al. (2017) reported growth in
performance on the Strange Stories test based on a longitudinal design by following 113 children from
9.5 years to 10.5 years of age. Smogorzewska et al. (2024) found that ToM assessed by the six-step ToM
scale and false belief task continued to develop from 7.5 years to 9.5 years of age. Osterhaus et al. (2024)
found longitudinal associations between reading comprehension and social reasoning (RMIE, Strange
Stories, and false belief tasks), but not between reading comprehension and recognition of social norm
transgression (Faux Pas) in 112 nine-year-olds over 1 year. Results of another two longitudinal studies
indicated that recognizing transgressions of social norms likely reaches a plateau phase in middle
elementary school, around 7 years (Osterhaus & Koerber, 2021; Smogorzewska & Osterhaus, 2021).
To summarize, different dimensions of ToM develop in different trajectories. As children develop their
ToM skills, they improve their ability to manage peer relationships and understand social norms
(Osterhaus et al., 2025). This improved capability to navigate social situations allows them to interpret
social cues accurately and respond appropriately, resulting in more successful interactions with their
peers (Lane & Bowman, 2021). The development of ToM is crucial for school-age children. These skills
form the foundation for effective communication and collaboration, which are essential in both
academic and social contexts (Lecce & Devine, 2022; Smogorzewska et al., 2024).

Cultural comparison of the theory of mind in middle childhood

There are many reasons ToM might differ between Western and Eastern cultures. A recent meta-
analysis (Yu & Wellman, 2024) compared the developmental trajectory of ToM across 22 countries
and found 2- to 10-year-old children from individualistic and collectivist countries had different
sequences shaped by cultural learning. Specifically, the ability of children from individualistic
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countries in understanding people’s beliefs could differ before understanding basic aspects of knowl-
edge acquisition. However, children from collectivist countries understood basic aspects of knowledge
acquisition before they understood the diversity of beliefs. This cultural difference in the development
of ToM may be related to the Confucius culture, which has long prioritized attaining the common
knowledge that all people should know. Individualist culture, on the other hand, emphasizes more on
understanding beliefs and belief divergence: Individuals have the right to hold their own beliefs.
Chinese children learn to pay attention to external factors (e.g., rules, guidance), and self-control is
encouraged. In contrast, children raised in most Western countries learn more about personal
autonomy and expressing individual opinions and mental states (Slaughter & Perez-Zapata, 2014).
These cultural factors may affect the processing and understanding of one’s own emotions and those
of others (i.e., social reasoning). Previous studies’ findings suggest the presence of cultural differences
in ToM in early childhood. For example, although children from both North America and China
passed the false-belief task at around 4 to 5 years old, children from Hong Kong and Japan showed
a 2-year lag on false-belief understanding (D. Liu et al., 2008, Naito & Koyama, 2006). In another
study, Chinese children passed a knowledge ignorance task before they passed the diverse beliefs task
(Wellman et al., 2006), whereas the order of acquisition was reversed in US and Australian children
(Shahaeian et al., 2011; Wellman et al., 2011). One recent study compared ToM and inhibitory control
in 3-6-year-old children between Japan and Scotland and found that inhibitory control and meta-
cognition predict ToM competence in Scottish children rather than in Japanese children, supporting
the Western developmental route to ToM (Symeonidou et al., 2022). Similarly, Fujita et al. (2022)
found 3-6-year-old children in Japan showed worse ToM performance than a matched sample in UK.
These findings might reflect the value placed on pragmatic knowledge in Eastern cultures and on
personal ideas and beliefs in Western cultures.

There is some evidence for cultural differences in ToM for school-aged-children. Kobayashi et al.
(2007) examined the neural correlates of second-order false-belief understanding among 8- to 12-year-
old Japanese/English bilingual and English-speaking monolingual children. The fMRI findings
showed that the monolingual group had stronger activations in the right inferior parietal lobe and
the overlapping temporoparietal junction, whereas the bilingual group had stronger activations in the
left superior temporal sulcus and the overlapping temporal pole. A recent study directly compared
school-aged children from the United Kingdom and Hong Kong, and found that the children in
Hong Kong performed poorer on ToM tasks (Z. Wang et al., 2016). However, Hong Kong may not be
typical regarding traditional Chinese culture (Bond & Cheung, 1983). Therefore, the question of
whether there is any difference in ToM between mainland Chinese and Western school-aged children
remains unanswered.

Aims and hypotheses

In this study, we aimed to assess age-related differences in the three dimensions of ToM (viz., social
reasoning, recognizing transgression of social norms, and reasoning about ambiguity) in school-aged
children and to compare cultural differences between Australian and mainland Chinese children.
Understanding cross-cultural differences in the ToM is essential for advancing both theoretical knowl-
edge and practical applications in developmental psychology. Firstly, examining these differences helps
researchers identify which aspects of ToM are universal and which are influenced by cultural contexts.
This distinction is vital for grasping how various cultures shape the development and expression of
understanding mental states and for challenging assumptions predominantly based on Western
research. Secondly, exploring cross-cultural differences enriches our models of ToM development. It
emphasizes how culture shapes social cognition and illustrates the flexibility of social-cognitive devel-
opment across diverse cultural contexts. Thirdly, investigating cultural differences in ToM highlights the
importance of employing culturally sensitive research methods. This approach ensures that findings are
accurate and relevant across varied cultural contexts. We used a battery of four commonly used and age-
appropriate tests of ToM to comprehensively examine children’s ToM: IToM (reasoning about
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ambiguity), Faux Pas (recognizing transgression of social norms), Reading Mind in the Eyes (RMIE)
(social reasoning), and Strange Stories (social reasoning) tests. For IToM and RMIE, these are replicable
across cultures and have low reliability on verbal responses. Faux Pas and Strange Stories consist of
culturally appropriate scenarios suitable for a wide age range in middle childhood. All tasks have been
used in both cultures and are considered adapted for both contexts (S. Wang et al., 2021).

Based on previous research, we hypothesized that age-related differences would appear in the three
dimensions of ToM in both cultural groups (Lagattuta et al., 2010; Lecce et al., 2017; Wilson et al.,
2018). Given that the timing of grasping false-belief understanding is equivalent in preschoolers from
mainland China and North America (D. Liu et al., 2008), we hypothesized that both groups of children
would show parallel age-related differences in performance on the reasoning about ambiguity (i.e.,
IToM), which (like false belief) focuses on understanding another’s thoughts and beliefs. In contrast,
because Chinese culture emphasizes self-control and emotional constraint (Markus & Kitayama, 1991;
Matsumoto et al., 2008), school-aged Chinese children may express personal emotions less frequently.
Therefore, we hypothesized that Chinese children would perform worse than their Australian counter-
parts on the Faux Pas, which requires recognizing when someone says something socially inappropri-
ate or hurtful. Similarly, for the tasks involving broader social reasoning, RMIE and Strange Stories, we
hypothesized that Chinese children would perform worse than their Australian counterparts. These
tasks require not only inferring others” emotions and intentions but also drawing on a broader set of
social-cognitive inferences, which may be influenced by cultural norms about emotional expressivity
and social interpretation (Fu et al., 2023).

Method
Participants

Participants were recruited from one primary school in Brisbane, a city with a population of
2.51 million in 2020 (Australian Bureau of Statistics, 2020), and one school in Xinyang, a city in
central China with a population of 6.47 million in 2019 (Henan Province Bureau of Statistics, 2019).
Xinyang is less developed and has had less exposure to Western cultures. It is famous for its “tea
culture,” which emphasizes harmony and respect, and is closely linked to traditional Chinese culture
and ethics (Yang, 2007). Given this background, the Xinyang sample can be considered a more
traditional and less Westernized group than the Beijing and Hong Kong samples used in previous
studies were Z. Wang et al. (2016) and Wellman et al. (2006). Australians and Chinese were selected
for this study because they have been previously compared as representatives of Western and Eastern
cultures (Chen et al., 2015; Hiew et al., 2015).

The Australian sample was recruited from a predominantly middle-class community in Brisbane,
while the Chinese sample was recruited from a middle-size city (Xinyang) in Central China, which is
an area representing Chinese traditional culture through its rich historical heritage where archeolo-
gical evidence is dated to the Neolithic period (L. Liu & Chen, 2012) and active cultural preservation
which cumulated through cultural development through major dynasties (Zhang, 2018).

To recruit participants, information sheets and consent forms were sent home with students via
their schools. Parents provided informed consent and additional information to ensure their children
met the eligibility criteria.

The 83 Australian children (43 boys and 40 girls) and 126 Chinese children (74 boys and 52 girls) all
met the following inclusion criteria:

(1) Australian participants born and raised in Australia; Chinese participants born and raised in
mainland China;

(2) For Australian participants, English as the first language; for Chinese participants, Chinese
(Mandarin) as the first language;

(3) Normal or corrected-to-normal vision and hearing;
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(4) No reported history of brain injury, premature birth, or diagnosis of behavioral or learning
disorders.

The participants (N =209) were grouped according to age. Group 1 (G1) included all children aged
from 5 years, 6 months to 7 years, 11 months; Group 2 (G2) included all children aged from 8 years to
9 years, 11 months; Group 3 (G3) included all children aged from 10 years to 11 years, 11 months (see
Table 1). Independent samples ¢-tests showed that there were no significant differences in age between
the Australian and Chinese children (all ps > .05).

The parent’s education levels are presented in Table 2. Chi-square tests showed that culture was
significantly associated with the mother’s ()(2 (5, N=209) =57.56, p <.001, Cramer’s V=.53) and
father’s education level (x> (5, N =207) = 56.84, p <.001, Cramer’s V =.52). The Australian mothers
and fathers had higher levels of education than the Chinese mothers and fathers.

Measures and procedure

The child participants completed the IToM, Faux Pas, RMIE, and Strange Stories ToM tasks and the
Peabody Picture Vocabulary Test. For the Chinese versions of the IToM, Faux Pas and Strange Stories
measures, we adopted a back-translation approach for all scripts and coding guidelines (Brislin, 1970).
Three Chinese/English bilingual developmental psychology researchers (one PhD candidate, two psy-
chologists with a PhD degree) translated each word into Chinese and then back-translated into English.
For the RMIE, the Autism Research Centre at University of Cambridge provided a simplified Chinese
version of the RMIE-C. The same images were used in the English and Chinese versions. A pilot study
was used to confirm that Chinese children could understand the descriptors of all ToM tasks.

Reasoning about ambiguity: IToM

Lalonde and Chandler’s task (2002) were used to assess the children’s interpretive understanding of
others’ minds. The participants had to interpret ambiguous parts of drawings in displays from the
perspectives of two cartoon characters. The displays were presented using PowerPoint software. There

Table 1. Numbers and mean ages of children in each age group and culture.

Chinese Australian
Gender G1 G2 G3 Total G1 G2 G3 Total
Male (n) 23 26 25 74 20 14 9 43
Female (n) 23 16 13 52 1 16 13 40
Total (n) 46 42 38 126 31 30 22 83
Mage in years 6.93 8.97 10.70 8.75 6.65 9.05 10.94 8.65
(SD) (0.64) (0.61) (0.43) (1.65) (0.59) (0.59) (0.55) (1.82)

Note. For ease of reference, we have labeled the age groups as follows in this paper: G1 = 5:6-7:11 years. G2 = 8:0-9:11 years. G3:
10:0-11:11 years.

Table 2. Frequencies of parents with each level of education by culture.

Chinese Australian

Mother Father Mother Father
Education (N=126) (N=126) (N=83) (N=81)
Year 6 and less 0 (0.0%) 1 (0.8%) 3 (3.6%) 2 (2.4%)
Year 10 12 (9.5%) 12 (9.5%) 3 (3.6%) 6 (7.2%)
Year 12 7 (13.5%) 7 (13.5%) 5 (6.0%) 2 (14.5%)
Some University 32 (25.4%) 38 (30.2%) 8 (9.6%) 6 (7.2%)
Bachelor 4 (50.8%) 8 (46.0%) 5 (42.2%) 8 (33.7%)
Postgraduate 1 (0.8%) 0 (0.0%) 29 (34.9%) 27 (32.5%)

Note. Education level was coded as 1=year 6 and less, 2 =year 10, 3 =year 12, 4 = some university, 5=
bachelor, and 6 = postgraduate (masters and above).
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were four trials of the task. Trials 1 and 2 used a drawing of a ship arriving too late to save a drowning
witch; Trials 3 and 4 used a drawing of an elephant and a grapefruit. The cartoon characters (Tim and
Jane) were located either inside or outside a house. The experimenter ensured the participant under-
stood that Tim and Jane could not hear or see anything outside the house unless they were invited out.
For Trials 1 and 2, Slide 1 displayed the entire original picture, “a ship arriving too late to save
a drowning witch.” After discussing the picture with the participant, a blue shape flew in and covered
the picture with a small rectangular cutout that formed a small viewing window. The cutout revealed
only the part of the picture showing the ship’s bow and the witch’s pointed hat. Thus, the visible part
only showed two triangles. Slide 2 (Trial 1) showed Tim on the left side of the screen. The participant
was told that Tim had never seen the picture before nor heard any part of the discussion of what the
full drawing depicted. Then, the experimenter asked the test question, “What does Tim think this is?”
After the participant answered, Slide 3 was presented (Trial 2). Tim did not appear on Slide 3. Jane was
invited out, and she appeared on the right side of the screen. The question was then repeated for her.
The same procedure was carried out for the second picture, “an elephant and a grapefruit” (Trials 3
and 4) but the sequence and order of the appearance of Tim and Jane were reversed.

We used a coding procedure based on Lalonde and Chandler’s study (2002). Responses that
reflected a mistaken understanding that the characters could see what the entire pictures entailed
were coded as reality errors. For example, in Trial 1, a child said the cartoon character thinks that the
triangle in the cutoff part is a ship. Less explicit mistakes that contained trace elements from the full
picture were scored as contamination errors. For example, for Trial 1, a child said the cartoon
character thinks the triangle is a sail. If the participant provided the same attribution for the two
characters (e.g., “both Jane and Tim think it is a mountain”), it was scored as an identical response.
The total number of reality and contamination errors ranged from 0 to 4, and the total number of
identical responses ranged from 0 to 2.

An interpretive response for one picture was coded when there was no reality/contamination error,
and the participant made different attributions for the two characters. For example, for Trial 1, a child
said that Tim thinks the cutout shows a cliff and a tree, while Jane thinks it is the wing of a bird and the
roof of a house. Participants who gave interpretive responses for both pictures received a score of 2
(interpretive). Participants who gave interpretive responses for just one picture received a score of 1
(transitional). Participants who gave two noninterpretive responses received a score of 0 (noninter-
pretive). The total score for IToM ranged from 0 to 2.

Recognizing transgressions of social norms: Faux Pas

We chose the two faux pas stories from Banerjee and Watling’s study (2005). The participants heard
two different stories, and they were asked some questions after each story. Each story involved two
cartoon characters. One character said something without considering that the utterance might hurt
the other character. Six forced-choice questions tested the children’s understanding of faux pas. They
included detection (did someone say something they should not have said?), identification (what was
said that should not have been said?), feelings (how does [insulted character] feel now?), intention (did
[insulting character] want to make [insulted character] upset?), comprehension (question regarding
target object), and ignorance (did [insulting character] know [insulted character’s relationship with
the target object]?). The presentation order of correct and incorrect response options was counter-
balanced between stories. The understanding of each story was scored as 1 if the participant answered
all six questions correctly. The total score for the Faux Pas task ranged from 0 to 2. Considering there
were two options for each of the six questions, the probability of getting full marks for a story by
guessing was .016. For each of the six faux pas question types, a score out of 2 was calculated to
represent the number of stories in which the participant answered the question type correctly.

Social reasoning: reading the mind in the eyes (RMIE)
The RMIE test was used to assess the ability to read emotions in another’s eyes (Baron-Cohen et al.,
2001). We used the child version of RMIE (RMIE-C), which comprises a series of 28 pictures of the eye
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region of the faces of different people. The child was asked to use visual information to choose a word
that best described the mental state term that he/she was feeling or thinking based on the pictures. For
each item of the test, a picture is framed with four words (one target state, three distractor states) that
describe the possible mental state term of the person presented in the picture. The number of correct
choices was recorded. The final score ranged from 0 to 28.

Social reasoning: Strange Stories

A subset of the 12 short vignettes of the Strange Stories task was used to assess the development of
advanced ToM (Happé, 1994; O’Hare et al., 2009). The version of Strange Stories we used in the
current study has been cross-culturally validated with children from mainland China and Australia in
our previous study (S. Wang et al., 2021). The stories included 12 scenarios: a lie, a white lie, joking,
pretending, misunderstanding, persuasion, appearance reality, a figure of speech, sarcasm, forgetting,
a double bluff, and contrary emotions. Each story presented a character who, within the context of the
particular scenario, said something untrue. The participants were asked, “Why did she/he say this?” to
assess ToM. Responses were scored from 0 to 2, with 0 indicating an incorrect or physical state
response, 1 indicating a partial psychological state response, and 2 indicating a full and accurate
psychological state response. The final scores ranged from 0 to 24.

Verbal ability measures: peabody picture vocabulary test (PPVT)

To control for the effect of verbal ability on ToM, we used the PPVT-4 (Dunn & Dunn, 2007). The
English version was employed with Australian children. The split-half reliability for Form A and Form
B ranged from .90 to .97 for ages 5-11 years. We used the Chinese version of the PPVT-Revised
Edition (PPVT-R) with the Chinese children (Sang & Miao, 1990). Studies have shown that the test has
excellent psychometric properties. Because different versions of the PPVT were administered to the
two cultural samples, we standardized and used the PPVT raw scores for both the Chinese and the
Australian children in the analyses.

Data analysis

The measures derived from the IToM and Faux Pas tasks were categorical. The age group and cultural
differences were analyzed using chi-square tests. Cramer’s V determined the effect size and it was
interpreted based on Gravetter and Wallnau’s criteria (Gravetter & Wallnau, 2004). If a significant
effect of culture or age group was found, ordinal regression was conducted to verify the significance
with verbal ability controlled.

The measures derived from the RMIE and Strange Stories tasks were continuous. Responses were
analyzed using 2 (Culture: Chinese vs. Australian) x 3 (Age group: G1 vs. G2 vs. G3) ANCOVAs with
verbal ability controlled. The effect size for the ANCOVA was determined using a partial eta square
(Cohen, 1988).

This study was not preregistered. The data set is not publicly available to protect the participants’
confidentiality, but it is available from the first author upon a reasonable request.

Results
Correlation between demographics, verbal ability, and ToM

For both Chinese and Australian children, performance on all ToM tasks positively correlated with age
and verbal ability (ps <.001; Table 3). Parents’ education levels and gender did not correlate with the
children’s performance on any ToM task in either cultural group (ps >.05). Consequently, we used
verbal ability as a control variable in subsequent analyses. There were significant correlations among
the four ToM tasks within each cultural group. Partial correlation analyses showed that after
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Table 3. Correlation among demographics, verbal ability, and ToM tasks in Chinese (above diagonal) and Australian children (below
diagonal).

Variables 1 2 3 4 5 6 7 8 9
1.Age (years) - Wik -.04 -.02 -.09 36%** A3FE* 27 58***
2.Verbal ability Wk - .05 .03 -.10 35xxx A4xxx 3% 64%*¥*
3. Mother's Edu .01 .16 - 67%** -.07 .09 -.02 14 .06
4. Father's Edu -.03 1 S59*** - —-.06 -.07 -.02 -.02 —.08
5. Gender .18 -.01 .07 -14 - -.10 -.03 .09 .06
6. [ToM 30%* .30%* -.01 -.05 .04 - 9% A7 9%
7. Faux Pas A4xxx AT*E* .05 -.01 .07 .06 - 29%* 34xxx
Variables 1 2 3 4 5 6 7 8 9
8. RMIE A8*** Ry 17 .02 13 .07 32%* - A46***
9. Strange Stories 63%** 65%** .16 .10 18 .28% 36%* .25% -

Note. *p <.05.**p < .01.***p < .001.Verbal ability was represented by standardized PPVT raw scores; Mother’s Edu = Mother’s
education level; Father's Edu = Father’s education level, Gender was coded as 0 = male, 1 =female.

controlling for age and verbal ability, one correlation between RMIE and Strange Stories in the
Chinese sample (r = .35, p <.001) remained significant (Table 4).

Age-group and culture differences in IToM

A three-way log-linear analysis verified that the three-way interaction among IToM response category,
culture, and age group interaction was not significant. The final model the log-linear analysis
produced only retained the IToM response category x age group interaction. The likelihood ratio of
this model was x* (8) = 7.87, p = .45. From this, we performed two chi-square tests of independence to
examine the relation between culture and IToM response category and the relation between age group
and IToM response category, respectively. Table 5 shows the percentages of children in each response
category within each age and cultural group. The association between IToM response category and
culture was not significant, x* (2, N = 209) = 2.19, p = .33, Cramer’s V =.10. In contrast, the association
of IToM response category with age group was significant, x> (4, N = 209) = 26.91, p <.001, Cramer’s
V'=.25. A post hoc test showed that more children in G1 were coded as non-interpretive and fewer
children in G1 were coded as interpretive, compared with expected counts. In contrast, fewer children
in G3 were coded as non-interpretive and more children in G3 were coded as interpretive, compared
with the expected counts.

Table 4. Partial correlation among demographics and ToM tasks in Chinese (above diagonal) and Australian children (below
diagonal) after controlling for age and verbal ability.

Variables 1 2 3 4 5 6 7
1. Mother’s Edu - 60%** .07 -.10 .03 -.14 —-.06
2. Father's Edu S57xx¥% - .06 .07 .02 .03 12
3. Gender -.13 .09 - —-.06 .02 A3 a7
4. IToM .04 .07 -.01 - .02 .06 -.07
5. Faux Pas .02 .05 .04 -.12 - 18 .06
6. RMIE =17 —-.02 .05 =11 1 - 35xx*
7. Strange Stories -.08 .10 15 .09 .03 -13 -

Note. *p <.05.**p < .01.***p < .001.Verbal ability was represented by standardized PPVT raw scores; Mother’s Edu = Mother’s
education level; Father's Edu = Father’s education level, Gender was coded as 0 = male, 1 =female.

Table 5. Percentage (%) of participants in each score of IToM by age group across cultures.

Chinese (n=126) Australian (n = 83)
Score G1 G2 G3 All G1 G2 G3 All
0 52.2 31.0 13.2 333 67.7 26.7 31.8 434
1 30.4 429 342 35.7 194 36.7 409 313
2 17.4 26.2 52.6 31.0 129 36.7 27.3 253

Note. Score 0 = noninterpretive. Score 1 = transitional. Score 2 = interpretive. G1 = 5:6-7:11; G2 =8:0-9:11; G3: 10:0-11:11.
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We conducted a further ordinal regression analysis to investigate the effect of age group on IToM
response category in the combined samples, controlling for verbal ability. Age was significant in the
model. For each 1-year increase in age, the odds of scoring 2 on the IToM task versus 0 or 1 combined
were 1.28 times greater (95% CI, 1.00-1.63), B=.25, SE=.13, Wald X2 (1) =3.88, p=.049. Verbal
ability was not significant in the model, B =.33, SE = .22, Wald x> (1) = 2.37, p = .12, odds ratio = 1.40
(95% CI, 0.91-2.14).

To investigate the errors children made on the IToM task in detail, we analyzed their reality errors,
contamination errors, and identical responses.

We used two 3 (Age: G1 vs. G2 vs. G3) x 2 (Culture: Chinese vs. Australian) ANCOV As with verbal
ability controlled to examine the main and interactive effects of the two independent variables on
children’s reality/contamination errors and identical responses in the IToM task. For reality/contam-
ination errors, the assumption of homogeneity of variance was not met. After log transforming the
dependent variable (reality/contamination errors) to restore the equal variance, the results’ pattern did
not change. Therefore, we used untransformed data in the analysis. The main effect of culture was
significant, F(1, 202) = 5.27, p = .02, partial n° = .03, indicating that the Chinese children made more
reality or contamination errors than the Australian children did. The main effect of age group was not
significant, F(2, 202) = 1.26, p = .29, partial n* = .01. No significant interaction between culture and age
group was found, F(2, 202) =0.15, p = .86, partial n°=.001. The assumption of homogeneity of
variance was also not met for identical responses; however, the appropriate data transformation did
not change the results” pattern. The main effect of culture was significant, F(1, 202) = 8.08, p =.005,
partial N = .04, Australian children reported more identical responses than the Chinese children did.
The main effect of age group was not significant, F(2, 202) = 1.75, p = .18, partial n* = .02, but there was
a significant interaction between culture and age group, F(2, 202) = 3.51, p =.03, partial n°=.03.
Simple main effect analyses showed no significant difference in identical responses between Chinese
and Australian children in G1 and G2 (ps > .05). However, in G3, the Australian children made more
identical responses than the Chinese children did (p =.001) (see Table 6).

In sum, the Chinese and Australian children did not differ significantly in their IToM scores when
age and verbal ability were controlled, but there were cultural differences in the types of errors made.
The Chinese children made more reality errors than the Australian children did. The Australian
children in G3 made more identical responses than their Chinese counterparts did. Meanwhile,
significant age differences in IToM scores were revealed after controlling for verbal ability. The
children in G1 had lower IToM scores compared to those in G2 and G3.

Age-group and culture differences in the Faux Pas test
We performed two chi-square tests of independence to examine how the Faux Pas score related to
culture and age group (see Table 7). The relationship between the Faux Pas score and culture was not
significant, y* (2, N = 209) = 0.523, p = .770, Cramer’s V = .05. The Chinese children’s performance was
similar to that of the Australian children. In contrast, the relationship with age group was significant,
X (4, N=209) =44.97, p<.001, Cramer’s V=.33. A post hoc test showed that GI contained more
children with scores of 0 and fewer children with scores of 2 compared with expected counts. In
contrast, fewer children in G3 scored 0 and more scored 2 compared to expected counts.

We conducted ordinal regression analysis to investigate the effect of age on the Faux Pas
score using the combined data set, controlling for verbal ability. Age was not significant in the

Table 6. Means and standard deviations of types of errors in [ToM by age group across cultures.

Chinese (n=126) Australian (n = 83)
Error Type G1 G2 G3 All G1 G2 G3 All
Reality/Contamination 1.39 0.71 0.47 0.89 1.10 0.37 0.09 0.57
(1.42) (0.89) (0.73) (1.14) (1.35) (0.61) (0.29) (1.00)
0.96 0.74 0.24 0.67 1.19 0.73 0.95 0.96

Identical responses (0.84) (0.77) (0.54) (0.79) (0.87) (0.87) (0.84) (0.88)
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Table 7. Percentage (%) of participants in each score of Faux Pas by age group across cultures.

Chinese (n=126) Australian (n = 83)
Score G1 G2 G3 All G1 G2 G3 All
0 65.2 16.7 211 357 54.8 333 4.5 337
1 21.7 452 28.9 31.7 29.0 30.0 273 289
2 13.0 38.1 50.0 325 16.1 36.7 68.2 373

Note. Score 0 = answered some questions incorrectly in both stories. Score 1 =answered all questions correctly only in one story.
Score 2 = answered all questions correctly in two stories.

model, B=.21, SE=.13, Wald Xz (1)=2.73, p=.10, odds ratio =1.24 (95% CI, 0.96-1.60). Only
verbal ability contributed to the model. For every 1 unit increase in the standardized PPVT
score, the odds of scoring 2 on the Faux Pas test versus 0 and 1 combined were 2.09 times
greater (95% CI, 1.31-3.35), B=.74, SE = .24, Wald X2 (1)=9.47, p=.002. In sum, the Chinese
children’s Faux Pas scores were similar to the Australian children’s scores. Age was not
a significant predictor of performance on the Faux Pas test after controlling for verbal ability.

Ceiling effects appeared in the children’s responses to the detection (pass rate > 84%; Table 8) and
feeling questions (pass rate >96%) in both cultural groups. Consistent with Banerjee and Watling
(2005) and Banerjee et al.’s findings Banerjee et al. (2011) the intention and ignorance questions were
answered less accurately than the other questions were.

Next, we performed ordinal regression analyses to examine how culture, age, and verbal ability
predicted the children’s responses to the other faux pas questions. Culture was the only significant
predictor of faux pas identification. Compared to the Australian children, the odds of scoring 2 versus
0 and 1 combined in the Chinese sample were 0.323 times smaller (95% CI, 0.13-0.83), B=-1.13, SE
= .48, Wald y* (1) = 5.49, p = .02. Neither age nor verbal ability was significant. This result indicates
that more Australian children than Chinese children answered the identification questions correctly.
Culture, age, and verbal ability were all nonsignificant for both faux pas intention and faux pas
comprehension.

For faux pas ignorance, both age and verbal ability were significant predictors, but culture was
nonsignificant. For every 1 year increase in age, the odds of scoring 2 on the ignorance question
versus 0 and 1 combined were 1.30 times greater (95% CI, 1.00-1.68), B=.26, SE =.13, Wald y°
(1) = 3.86, p=.05. For every 1 unit increase in the standardized PPVT score, the odds of scoring 2
versus 0 and 1 combined were 1.80 times greater (95% CI, 1.14-2.83), B=.59, SE =.23, Wald y°
(1) =6.40, p=.01.

In conclusion, cultural differences were only found in the children’s responses to the identification
questions. The Chinese children were less accurate than the Australian children were on identification
questions. Differences related to age and verbal ability were only revealed in the children’s responses to
ignorance questions, which tested whether the children understood the false belief held by the person
who committed the faux pas.

Age-group and culture differences in RMIE

We used a 2 x 3 two-way ANCOVA to investigate the relationships of culture (Chinese vs. Australian)
and age group (G1 vs. G2 vs. G3) with the children’s performance on RMIE after controlling for verbal
ability (see Table 9). The assumption of homogeneity of variance was met. The main effect of culture
was significant, F(1, 202) = 55.26, p < .001, partial n* = .22, indicating the Chinese children (M = 16.17,
SD =2.85) performed worse on RMIE than their Australian counterparts did (M = 18.93, SD = 2.84).
The main effect of age group was not significant, F(2, 202) = 0.86, p = .43, partial n2 =.01. There was no
significant interaction between culture and age group, F(2, 202) = 0.88, p = .42, partial n° =.01.

Age-group and culture differences on the Strange Stories Task
A two-way ANCOVA was used to investigate how culture (Chinese vs. Australian) and age group (G1
vs. G2 vs. G3) related to Strange Stories performance, controlling for verbal ability (see Table 10). The
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Table 8. Percentage (%) of participants in each score of each Faux Pas question by age group across cultures.

Chinese (n=126) Australian (n = 83)

Score G1 G2 G3 All G1 G2 G3 All

Detection

0 16.1 6.7 8.4
2.2 4.8 7.9 4.8 0.0

1 12.9 6.7 7.2
6.5 11.9 10.5 9.5 0.0

2 71.0 86.7 84.3
913 833 81.6 85.7 100.0

Identification

0 0.0 0.0 0.0
6.5 24 53 4.8 0.0

1 12.9 33 7.2
13.0 9.5 21.1 143 4.5

2 87.1 96.7 92.8
80.4 88.1 73.7 81.0 95.5

Feelings

0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0

1 6.5 33 3.6
6.5 24 0.0 3.2 0.0

2 935 96.7 96.4
93.5 97.6 100.0 96.8 100.0

Intention

0 12.9 6.7 8.4
17.4 24 0.0 7.1 4.5

1 19.4 13.3 16.9
239 14.3 15.8 18.3 18.2

2 67.7 80.0 74.7
58.7 83.3 84.2 74.6 773

Comprehension

0 9.7 33 4.8
0.0 0.0 0.0 0.0 0.0

1 129 16.7 13.3
19.6 24 7.9 10.3 9.1

2 774 80.0 81.9
80.4 97.6 92.1 89.7 90.9

Score Australian (n = 83)

Chinese (n=126)
G2 G3 All G1 G2 G3 All
G1

Ignorance

0 226 133 13.3
30.4 9.5 53 15.9 0.0

1 323 40.0 30.1
50.0 45.2 13.2 373 13.6

2 45.2 46.7 56.6
19.6 45.2 81.6 46.8 86.4

Table 9. Means and standard deviations for RMIE (raw scores) by age group across cultures.

Chinese Australian
Age group N M SD N M SD
G1 46 15.30 3.05 31 17.61 2.69
G2 42 16.36 2.53 30 19.03 2.71
G3 38 17.00 2.73 22 20.64 234
All 126 16.17 2.85 83 18.93 2.84

Note. The possible score of RMIE ranges from 0 to 28.
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Table 10. Means and standard deviations for Strange Stories (raw scores) by age group across cultures.

Chinese Australian
Age group N M sSD N M SD
G1 46 11.33 4.19 31 12.84 3.09
G2 42 14.95 3.12 30 16.87 344
G3 38 16.66 2.88 22 19.05 2.74
All 126 14.14 4.13 83 15.94 4.01

Note. The possible score of Strange Stories ranges from 0 to 24.

assumption of homogeneity of variance was not met, but the appropriate data transformation did not
change the pattern of results. The main effect of culture was significant, F(1, 202) = 17.47, p <.001,
partial N’ = .08, indicating that the Chinese children (M = 14.14, SD = 4.13) performed worse on the
Strange Stories Task than their Australian counterparts did (M = 15.94, SD = 4.02). The main effect of
age group was also significant, F(2, 202) = 5.28, p = .006, partial N =.05. Post hoc comparisons using
the Bonferroni test indicated that the mean score of G1 (M = 11.94, SD = 3.84) was significantly lower
than that of the other age groups (G2: M =15.75, SD = 3.37; G3: M =17.53, SD = 3.03). We found no
significant interaction between culture and age group, F(2, 202) = 0.49, p = .62, partial n° =.01.

Discussion

This study provides new evidence about ToM development in middle childhood (viz., 5.5- to 12-year-
old Chinese and Australian children).

Age, culture, and IToM

IToM requires children to recognize that different people can have diverse beliefs (Lagattuta et al.,
2013) and diverse interpretations of the same situation (Chandler & Helm, 1984). Consistent with our
hypothesis, we found no difference in IToM scores between Chinese and Australian children. We also
found that age, but not verbal ability, predicted children’s IToM (Hayward & Homer, 2017; Kennedy
etal,, 2015). These results indicate that IToM develops through middle childhood, and its performance
may be less dependent on verbal ability than other ToM tasks.

Although we found no cultural difference in IToM scores, the types of errors differed between the
cultural groups. The Chinese children made more reality/contamination errors than the Australian
children did a possible explanation of this is that the Chinese children might have used their analogical
thinking to draw on prior knowledge (“the circle is a grapefruit”) to predict the naive person’s belief
(“the character thinks the circle is an orange”), based on the same-shape relation between grapefruit
and oranges. A previous cross-cultural study showed that Hong Kong preschoolers used analogical
reasoning and outperformed US preschoolers on processing complex relations (Richland et al., 2010).
The authors noted that the advantage in complex analogies might be due to Chinese children’s greater
experience with socialized relational inputs. From this, Chinese children’s better analogical thinking
might increase their reality/contamination errors.

Older Australian children (10:0-11:11) made more identical responses than older Chinese
children. Identical responses indicate that the children predicted that both naive characters had
the same belief about the restricted view of the picture. The result for the Australian sample was
consistent with previous findings in US children and adults. Lagattuta et al. (2013) reported that
identical responses increased with age and that 8- to 9-year-old US older children and adults most
frequently provided them, while reality/contamination errors decreased with age. In our study, the
Australian children might have inferred that the two characters had the same knowledge about the
same object based on their daily experiences with siblings or friends. The collectivistic culture in
China values interpersonal relationship and group functioning (Bochner, 1994; Markus &
Kitayama, 1991). From this, Chinese children are educated to pay more attention to others’



DEVELOPMENTAL NEUROPSYCHOLOGY 13

perspectives; thus, it may be easier for them to attribute different thoughts about the same reality
to different people.

Age, culture, and Faux Pas

Contrary to expectation, we found no cultural differences between the Chinese and Australian
children’s total Faux Pas scores. A recent study found that preschoolers from China and Western
Europe showed similar trends of emotion comprehension, but the Chinese children performed better
on recognizing hidden emotions (Tang et al., 2017).

The children in G3 (10:0-11:11) performed better than those in G1 (5:6-7:11) on the Faux Pas task.
This is consistent with previous studies using the same tasks, which reported significant age-related
differences in Faux Pas without considering the role of verbal ability (Banerjee & Watling, 2005;
Banerjee et al., 2011). However, we found that age did not significantly predict Faux Pas after
controlling for verbal ability, which means that children’s development in verbal ability accounts for
the variance in Faux Pas during middle childhood. This might be due to the high verbal demand this
task imposed.

Our data did not reveal any cultural or age-related differences in the detection, feeling, intention, or
comprehension questions. We only found cultural differences for the identification questions. The
Australian children performed better on identifying which utterance should not be said. The reason
why the Chinese children answered incorrectly is perhaps due to their over-interpretation of the
scenario based on their real-life interaction with friends, rather than an inability to identify faux pas.
Some Chinese children who chose the wrong answer explained that the character whose feelings had
been hurt should understand that the other child did not say it intentionally and should tolerate the
offense because they were good friends. Interestingly, Australian children who answered incorrectly
never volunteered this kind of explanation. The specific explanation Chinese children provided
aligned with the Chinese culture, which praises the sacrifice of personal interest for maintaining
group harmony.

Among the six questions, the ignorance question was the most difficult. It tested whether the
children could recognize that the faux pas was a consequence of a false belief. The age-related
differences in school-aged children’s responses to the ignorance question might relate to the devel-
opment of executive functions such as working memory and inhibition control (Banerjee et al., 2011;
Bottiroli et al., 2016).

Age, culture, and RMIE

Overall, the Australian children outperformed the Chinese children on RMIE, consistent with our
hypotheses. Given the emphasis on emotional constraint in Chinese culture (Markus & Kitayama,
1991; Matsumoto et al., 2008), school-aged Chinese children may have a lower frequency of exposure
to and expression of complex personal emotions. Furthermore, Chinese preschoolers exhibit less
emotion knowledge than Euro-American children (Q. Wang, 2008). These factors might have con-
tributed to the Chinese children’s poorer performance on RMIE compared with the Australian
children. However, another reason may be that the RMIE used in our study was based on photos of
Caucasian people’s eyes and has been predominantly used in Western samples. Previous cross-cultural
comparisons of adults’ RMIE performance suggest that participants performed better on same-culture
stimuli than on other-culture stimuli (Adams et al., 2010; Bjornsdottir & Rule, 2016). This indicates an
intracultural advantage in attributing others’ mental states. From this, the cultural differences revealed
in our two school-aged samples may be due to the Australian children having an own-culture
advantage.

Surprisingly, although the children’s RMIE performance increased with age, there were no age-
group differences after controlling for verbal ability. This suggests that the individual differences in
RMIE largely relied on the children’s knowledge of mental-state words. The RMIE requires children to
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understand the meaning of the target words, which relates to vocabulary knowledge. Data from
a college sample also showed that verbal IQ accounted for almost 25% of the variance in RMIE
performance (E. Peterson & Miller, 2012), confirming the importance of verbal ability for RMIE
performance.

Age, culture, and Strange Stories

We found both cultural and age-related differences in the children’s performance on Strange Stories,
which aligned with our hypotheses. First, the Australian children outperformed their Chinese counter-
parts on Strange Stories, which was consistent with our previous study (S. Wang et al., 2021). Because
the Strange Stories measure consists of social scenarios with various affects, our findings reflect
contrasts in the relative salience of various mental states across cultures. The cultural difference in
Strange Stories performance might reflect a difference in cultural values in which individuals’ external
behaviors are valued higher in Chinese culture, while personal internal mental states are suppressed
(Y. Liu et al., 2014; Markus & Kitayama, 1991). Additionally, the cultural difference may hinge on the
use of mental-state verbs to gauge the children’s interpretation rather than their comprehension of
others’ emotional states. As noted above, Chinese preschoolers showed a similar trend of emotion
comprehension to children from Western Europe, but they performed better in recognizing hidden
emotions (Tang et al., 2017). However, we adopted the coding guidelines for Strange Stories from
O’Hare et al. (2009), and it required the children to mention the exact concept or mental verbs to
obtain a full score. Previous studies found that Chinese mothers’ behavioral talk contributes to their
children’s false-belief understanding in early childhood (Y. Liu et al., 2014; Lu et al., 2008), whereas
mothers’ mental state talk strongly correlates with Western children’s ToM (Adrian et al., 2005;
C. Peterson & Slaughter, 2003). Presumably, talking about behavior to Chinese children might be
more common than mentioning mental states. From this, the Chinese sample may have understood
the mental states involved in the stories but used behavioral descriptions rather than mental concepts
or verbs to explain the characters’ responses.

Second, we found that the children aged 5.5 to 7 years old performed worse than the children aged
above 8years did after controlling for verbal ability. This indicates that children’s flexibility in
comprehending others’ mental states in complex social situations improves significantly after age 7
years in middle childhood. It also suggests that younger and older school-aged children might differ in
terms of the cognitive resources needed for processing advanced ToM.

Contribution and implications

First, unlike most previous studies that used one or two tasks to capture ToM in middle
childhood (Banerjee et al., 2011; Bock et al,, 2014; Hayward & Homer, 2017), the current
study employed four age-appropriate tests to examine three dimensions of ToM (viz., reason-
ing about ambiguity, recognizing transgression of social norms, and social reasoning) in two
school-aged samples of children from China and Australia. Second, our findings suggest
a distinction among the three dimensions of ToM in that cultural differences were observed
in social reasoning (RMIE and Strange Stories), but not in reasoning about ambiguity (IToM)
or in recognizing transgression of social norms (Faux Pas). Therefore, it is not enough to use
one or two measures to represent the entire conceptual framework of school-aged children’s
ToM. Researchers should consider the specific ToM component measured in each task when
selecting measures and interpreting their findings. Third, the current research highlights that
cultural differences exist in some aspects of ToM and research indicates that whether ToM is
a culturally universal or culturally specific construct might depend on the ToM facet measured
in each task. Besides, although Chinese and Australian children performed at the same
accuracy level of IToM, cultural differences were revealed in the types of errors they made
in the task. This indicates that future cross-cultural research should examine both the
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quantitative (e.g., accuracy) and qualitative (e.g., types of error) aspects of ToM performance
to clarify their findings.

Limitations and future research

The current study is not without limitations. We recruited a relatively small sample of Australian
participants. Future studies with larger samples are needed. Additionally, the Chinese version of the
Strange Stories task was directly translated from the English version that O’Hare et al. (2009) used.
Similarly, the RMIE involved interpreting Caucasian faces. Therefore, the Chinese children’s poorer
performance might relate to their lowered familiarity with some social scenarios involved in the
Strange Stories task. From this, it is advisable to adapt the stories to Chinese children’s idiomatic
expressions and life experiences. Furthermore, other factors, such as sibling composition variables and
parenting practices, may underpin some of the observed cultural differences. Including these and
other factors in future cross-cultural research will further the understanding of the social and cultural
contributors to children’s ToM development during the school years.

Conclusion

This study’s findings suggest that ToM is not a unidimensional but a multi-component construct in
school-aged children. Different age-related and cultural differences were revealed for the four mea-
sures. Generally, younger children aged from 5.5 to 7 years performed worse than older children who
were aged from 8 to 11 years. However, after controlling for verbal ability, age significantly predicted
performance on the IToM and Strange Stories but not the Faux Pas and RMIE tests. There were no
cultural differences in the overall scores of children’s IToM and Faux Pas. However, a detailed analysis
of errors reflected cultural influences on the tasks. In contrast, Australian children outperformed
Chinese children on RMIE and Strange Stories. The findings could be attributed to either the super-
iority of Australian children’s social reasoning due to their Western cultural background or the own-
culture stimulus advantage in RMIE and Strange Stories tests. Further studies are needed to investigate
what types of cultural factors may contribute to the individual differences in ToM in Chinese and
Australian school-aged children.
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