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Abstract: This study examines the link between language abilities and Theory of Mind
(ToM) development in individuals with Williams Syndrome (WS) and Down Syndrome
(DS). We compared the results of 16 participants with WS, aged 6.3 to 27.2 years (Mean
= 15.9 years, SD = 6.8 years), to those of 16 participants with DS, aged 10.7 to 23.9 years
(Mean = 16.8 years, SD = 3.6 years). Using the French version of the ToM test-Revised (ToM
test-R), we assessed three levels of ToM development: prerequisites, first-order beliefs,
and second-order beliefs. Language abilities were evaluated using the Isadyle French
language assessment battery, focusing on word comprehension, word production, syntax
comprehension and production, and emotional lexicon. The results showed that the WS
group performed significantly better in overall ToM skills in the ToM test-R compared to the
DS group. Moreover, language skills were significantly associated with ToM development
in the WS group, but not in the DS group. These findings underscore the importance of lan-
guage development, particularly syntax and emotional understanding, in ToM acquisition.
Through the application of a cross-syndrome approach, this study provides insights into
how each syndrome impacts ToM development and the role of language in this process.

Keywords: Williams syndrome; Down syndrome; theory of mind; language development;
emotion lexicon

1. Introduction
The intricate relationship between language development and Theory of Mind (ToM)

has been a subject of significant interest in developmental psychology and cognitive neuro-
science. This relationship becomes particularly intriguing when examined in the context
of neurodevelopmental disorders, such as Williams syndrome (WS) and Down syndrome
(DS). These genetic conditions present unique cognitive profiles that offer valuable insights
into the complex interplay between language abilities and social cognition.

This research aims to explore the current understanding of how language and theory
of mind are interconnected in individuals with WS and DS. By examining these two
distinct neurodevelopmental disorders, we can gain a deeper appreciation of the nuanced
relationship between linguistic competence and social–cognitive abilities, as well as the
potential implications for intervention strategies. ToM refers to the ability to attribute
mental states—such as beliefs, desires, intentions, and emotions—to oneself and others,
and to understand that these mental states can differ from one’s own and from reality [1].
This cognitive skill is crucial for social interaction, as it allows individuals to predict and
explain others’ behavior based on their inferred mental states. The development of ToM
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follows a predictable trajectory in typically developing children, with three key stages:
understanding different desires around age 2, understanding first-order false beliefs around
ages 4–5, and understanding second-order false beliefs around ages 6–7 (for a recent review,
see [2]). One of the most widely used assessments of ToM is the false belief task, which
tests a child’s ability to understand that others can hold beliefs that are different from
reality and from the child’s own beliefs [3]. The development of ToM is underpinned by
several cognitive and affective prerequisites, with emotional development and language
abilities playing crucial roles (for a review, see [4]). Emotional understanding, including the
ability to recognize and differentiate between various emotional states, forms a foundation
for more complex social–cognitive skills. This emotional competence allows individuals
to interpret social cues and infer others’ mental states based on affective information.
Language plays a multifaceted role in ToM development. It provides a medium for learning
about mental states through conversation and storytelling, offers syntactic structures (such
as complement clauses) that may scaffold mental state representations, and serves as a tool
for reflecting on and expressing understanding of others’ thoughts and beliefs [5,6].

The relationship between language and ToM has been a subject of extensive research
and debate. Some researchers argue that language plays a crucial role in the development
of ToM, while others suggest that ToM can develop independently of language skills. De
Villiers (2007) proposed that the acquisition of complex syntactic structures, particularly
those involving complement clauses, is necessary for the development of false belief
understanding [5]. A meta-analysis by Milligan et al. (2007) found a significant relationship
between language ability and false belief understanding, even when controlling for age.
This relationship was found to be stronger for general language ability and semantic
knowledge than for syntactic knowledge, suggesting that multiple aspects of language
contribute to ToM development [6]. The interplay between language and ToM is complex
and likely bidirectional, with advancements in each domain potentially facilitating growth
in the other. Understanding these foundational skills is crucial when examining ToM in
neurodevelopmental disorders like WS and DS, as deficits or atypicalities in any of these
areas may contribute to the observed patterns of ToM abilities in these populations.

WS is a rare neurodevelopmental disorder caused by microdeletion on chromosome
7q11.23 with mild to moderate Intelligence Quotient (IQ) [7]. It is characterized by a unique
cognitive profile that includes relative strengths in verbal abilities and facial recognition,
alongside significant weaknesses in visuospatial construction and number skills [8]. Indi-
viduals with WS often display a highly social personality and an unusual fascination with
faces, leading to what has been termed “hypersociability” [9]. Language development in
WS has been a subject of considerable interest due to its apparent dissociation from other
cognitive abilities. While early reports suggested that language might be “spared” in WS,
more recent research has revealed a more complex picture. Brock (2007) provided a critical
review of language abilities in WS, highlighting that while some aspects of language (such
as vocabulary) may be relative strengths, other areas (such as pragmatics and complex
syntax) are often impaired [10]. Mervis and Pitts (2015) found that individuals with WS
typically show stronger receptive vocabulary skills compared than their overall cognitive
abilities. However, they also noted significant variability in language skills within the
WS population [11]. The investigation of ToM abilities in WS has yielded mixed results,
reflecting the complex nature of social cognition in this population. Early studies, such
as that by Karmiloff-Smith et al. (1995), suggested that individuals with WS might have
intact ToM abilities [12]. However, subsequent research has revealed a more nuanced
picture. Tager-Flusberg and Sullivan (2000) proposed a componential view of ToM, dis-
tinguishing between social–perceptual and social–cognitive components. They suggested
that individuals with WS might show relative strengths in social–perceptual aspects of



Disabilities 2025, 5, 4 3 of 14

ToM (such as emotion recognition) but weaknesses in more cognitive aspects (such as false
belief understanding) [13]. Several studies have found that individuals with WS often
struggle with standard false belief tasks. Porter et al. (2008) used a non-verbal ToM task
and found that participants with WS performed significantly worse than both chronological
age-matched and mental age-matched control groups [14]. Similarly, Van Herwegen et al.
(2013) found that children with WS performed poorly in both verbal and low-verbal false
belief tasks, suggesting that their ToM difficulties cannot be solely attributed to language
impairments [15].

Down syndrome (DS), caused by all or part of an extra chromosome 21, is the most
common genetic cause of intellectual disability, with an incidence of around 1 in 700 to 1 in
1000 live births. DS is typically associated with mild to severe intellectual disability. It is
characterized by a profile of relative strengths in visuospatial memory and deficits in the
processing of verbal information (see [16]). The social abilities of people with DS appear
to be a relative strength, and they are often stereotyped as being warm and sociable [17].
Language is among the most impaired domains of functioning in DS [18] with a profile of
stronger receptive language skills and weaker expressive language skills (see [16]). More
precisely, people with DS have relative strengths in lexical comprehension and deficits
in lexical and sentence production [19]. The receptive lexicon of adolescents with DS
would be at the same level as that of typically developing (TD), non-verbal developmental
age-matched children [20], while deficits have been found by Witecy and Penke (2017) in
the receptive syntactic abilities in adults with DS [21]. However, it should be emphasized
that language skills vary highly on an individual level in DS [22]. For Cebula et al. (2010),
the examination of the literature shows that children with DS may encounter difficulties in
ToM acquisition, but to a much lesser extent than children with Autism Spectrum Disorder
(ASD) [23]. However, few studies have investigated the ToM abilities in DS so far. Recently,
using the Sally–Anne task, Neitzel and Penke (2021) [24] studied the relations between
false belief understanding and syntactic abilities in children and adolescents with DS. A
significant proportion of the participants (15 of 24) failed to complete the Sally–Anne task,
a result in line with most of the previous studies. Regarding the relationship between
success in the false belief task and syntactic level, the results did not show any relation, but
according to the authors, this could be attributable to a lack of statistical power [24]. Thus,
the question on the role of syntactic abilities in false belief understanding remains open
in DS.

The contrasting profiles of WS and DS provide a unique opportunity to explore the
relationship between language and ToM. Furthermore, in previous studies, WS participants
consistently performed better than DS participants. While individuals with WS often
show relative strengths in some aspects of language (particularly vocabulary) alongside
significant social–cognitive difficulties, those with DS typically display more severe lan-
guage impairments, but potentially better-preserved ToM abilities relative to their overall
cognitive level [16]. Both WS and DS groups have shown relative strengths in emotion
recognition, an important precursor to more advanced ToM skills. Pochon et al. (2017)
found that adolescents with DS performed better in a non-verbal emotion recognition task
than in a verbal task, particularly for happiness and sadness [25]. Similarly, Ibernon et al.
(2018) demonstrated that individuals with WS perform as well as mental age-matched, typ-
ically developing participants in recognizing emotions in dynamic facial expressions [26].
These findings suggest that the social–perceptual component of ToM, which involves the
ability to read emotional cues from faces and voices, might be relatively preserved in
both syndromes, despite their differing language profiles. This highlights the potential
dissociation between certain aspects of social cognition and overall language ability. The
relationship between language and more advanced ToM skills, such as false belief under-
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standing, appears to be more complex. In WS, despite relative strengths in some language
domains, performance in false belief tasks is often poor. Campos et al. (2017) found that
children with WS struggled with standard false belief tasks, but performed better when the
tasks were modified to include more salient emotional content [27]. This suggests that their
social–perceptual strengths might partially compensate for difficulties in more cognitive
aspects of ToM.

In DS, false belief understanding appears to be delayed, but potentially less impaired
than would be expected given language difficulties. In a preliminary study, Touchet et al.
(2016) compared ToM abilities in six individuals with WS and DS, and they found that the
DS participants outperformed the WS participants in false belief tasks, despite having lower
language scores [28]. These findings challenge simplistic notions of a direct relationship
between language ability and ToM development.

Research using non-verbal ToM tasks has provided further insights into the language–
ToM relationship in WS and DS. Hsu and Rao (2023) used computerized false belief tasks
with individuals with WS and found that performance improved when linguistic demands
were reduced [29]. This suggests that at least some of the ToM difficulties observed in WS
might be related to the verbal nature of many standard ToM tasks. For individuals with DS,
non-verbal ToM tasks have also revealed interesting patterns. Pochon et al. (2022) found
that adolescents with DS performed better on emotion recognition tasks when they did not
require the use of emotional vocabulary [30]. This highlights the importance of considering
task demands when assessing ToM abilities in people with low language levels [31].

The examination of language and ToM in WS and DS reveals a complex and nuanced
relationship between these two domains. While both conditions are associated with intel-
lectual disability and atypical cognitive profiles, they present distinct patterns of strengths
and weaknesses in language and social cognition. The relative strength in vocabulary and
some aspects of social perception in WS, contrasted with their difficulties in more cognitive
aspects of ToM, suggests that language ability alone is not sufficient for the development of
advanced ToM skills. Conversely, the better-than-expected ToM performance in DS, along-
side mild to severe intellectual disability and despite significant language impairments,
indicates that some aspects of social cognition can develop even in the face of language
delays. These findings highlight the need for a multifaceted approach to understanding the
relationship between language and ToM.

This study examines the link between language abilities and theory of mind (ToM)
development in French children with WS and DS. We adopt a cross-syndrome approach to
highlight how each syndrome impacts ToM development and the role of language abilities
in this process.

The relationship between language and ToM has been a subject of extensive research
and debate in developmental psychology. While some researchers posit the crucial role of
language in ToM development [5,6], others suggest that ToM can develop independently of
language skills [32]. Our study contributes to this debate by examining this relationship in
two neurodevelopmental disorders with distinct language profiles.

The novelty of our approach lies in its comprehensive assessment of language abilities,
including morphosyntactic aspects and their relation to different levels of ToM develop-
ment. While previous studies have often focused on general language abilities or specific
aspects such as complement syntax (de Villiers, 2007) [5], our study provides a more
nuanced understanding by separately examining word comprehension and production,
syntax comprehension and production, and emotional lexicon. This approach allows us to
disentangle the contributions of different language components to ToM development in
WS and DS.
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2. Materials and Methods
2.1. Participants

A total of 16 French-speaking participants with WS aged from 127 to 285 months
(8 boys, 8 girls) and 16 French-speaking participants with DS aged from 75 to 326 months
old (8 boys, 8 girls) participated in this study. The fluorescence in situ hybridization
(FISH) technique revealed that all participants in the WS group were positive for 7q11.23
microdeletion. Participants in the DS group had a diagnosis of trisomy 21 confirmed by the
medical teams at the institutions where they were being followed up. Participants with
sensory deficits, major attention disorders, or ASD were not included in this experiment.
The two groups were matched for non-verbal reasoning level using the raw score on the
Raven’s Colored Progressive Matrices (RCPM) [33], so that the two groups were at similar
levels (WS: 18.2; DS: 17.2; t(30) = −0.46, p = 0.649).

2.2. Material and Procedure
2.2.1. Language Ability Assessment (Independent Variables)

Language abilities were assessed with several subtests taken from the Isadyle French
language assessment battery [34].

• Word comprehension and production

In the Isadyle language battery, passive vocabulary knowledge assessment consisted
of 14 lexically frequent and concrete nouns and 14 lexically infrequent nouns. Participants
were each shown sets of four pictures and had to point to the correct picture, in response to
an instruction like “Look at these pictures. I’ll tell you a word and you’ll show the picture
where we see this word”. A score of 1 was given when the correct picture was shown, and
a score of 0 was given for an incorrect choice. The number of pictures correctly shown was
determined for the total score in word comprehension (maximum = 28). Active vocabulary
knowledge assessment consisted of 20 lexically frequent nouns and 15 lexically infrequent
nouns. For each item, participants were shown a picture and were asked to name it. For this
picture-naming subtest, a score of 1 was given when the correct lexical target was produced,
and a score of 0 was given for an incorrect response or no response. The number of pictures
correctly named was determined for the total score in word production (maximum = 35).

• Syntax comprehension and production

Three different subtests of the Isadyle language battery were used to assess syntax
comprehension and syntax production: simple sentences (9 points), passive sentences
(6 points), and temporal inflections (6 points). Playmobil® figures were used for these
subtests. For syntax comprehension, the participant was told to manipulate the figures
in correspondence with a sentence (simple or passive) stated by the examiner. Pictures
were also used to assess temporal inflections; the participant had to show the picture
corresponding to the temporal inflection stated by the examiner. For syntax production,
the examiner played a scene with the figures and the participant was required to describe
this scene with a simple sentence or a passive sentence. Sets of three pictures were used to
assess temporal inflections: each picture showed the same action at three different moments
(before, during, and after) and the participant had to describe one of these three pictures.
The total score was calculated as the sum of these three subtests in comprehension (21
points) as well as in production (21 points).

• Emotional lexicon

The task administered was based on the non-verbal task presented in the previous
studies by the authors [30]; thus, only the main characteristics of the task will be presented
here. The emotion recognition task presented six basic emotions (happiness, sadness, anger,
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disgust, surprise, and fear) through video sequences, with each emotion appearing as
a target three times. Two professional actors (one male, one female) were filmed from
the shoulders up expressing these emotions, each performing 9 sequences. The actors
underwent specific training, and multiple takes were recorded to ensure their quality. The
final sequences achieved 95% recognition accuracy when validated with 20 adults aged
20–40 years. During recording, actors alternated between three sentences: two French
phrases (“Léa est venue en avion”, “La bouteille est sur la table”) and one nonsense phrase
(“Cognogo tiketou”), each used six times. Videos were presented without sound to focus
the assessment on facial expression recognition. Participants were instructed to identify
specific emotions (e.g., “Show me where the lady is happy” or “Show me where the man is
surprised”) by pointing to the screen. The total possible score was 18, based on six emotions
presented three times each.

2.2.2. Theory of Mind Assessment (Dependent Variables)

The French version of the theory of mind test-Revised (ToM test-R) [35] is a stan-
dardized instrument that measures the construct of theory of mind at three levels of
development. For the first level, prerequisites of ToM as a pretense, differentiating be-
tween physical, mental, and emotion recognition, are assessed. The second level, with
the first manifestations of a real ToM, examines the first-order beliefs and the false beliefs,
whereas the highest level of ToM aims for the second-order beliefs. Initially designed for
children with Autistic Spectrum Disorders, this instrument can be used with neurotypical
children between the ages of 4 and 12 and persons with developmental delays. This test
is a structured interview consisting of 14 tests items. These 14 items were administered
through 36 questions, with 12 questions per level. Correct answers were coded as 1 and
incorrect answers as 0, leading to a maximum of 36 points for the full test and a maximum
of 12 points per level.

Participants were tested in a quiet, familiar room at their health care institution or
school, or at home. Depending on participants’ fatigue and motivation, three or four
sessions were necessary to administer all the tests.

3. Results
Preliminary analyses revealed moderate violations of distribution normality in the

DS group for the ToM test results and in the WS group for word comprehension and
syntax comprehension, due to ceiling effects. While non-parametric alternatives were
considered, they failed to capture developmental patterns effectively. Following Thomas
et al. (2009) [36], parametric analyses were maintained, as they are relatively robust in the
face of moderate normality violations when examining developmental trajectories. For
regression analyses, extreme observations were excluded, and homoscedasticity and error
independence were verified.

3.1. Results of the ToM Test-R: Comparative Study

A 2 × 3 (Group, Test) mixed-design Analysis Of Variance (ANOVA) was used to
compare the scores obtained by participants in the ToM test-R (Table 1). The levels of ToM
acquisition (prerequisites of ToM, first manifestations of a real ToM, highest level of ToM)
were treated as within participants factors and named Prerequisites, First order, and Second
order. Group (WS, DS) was a between-participants factor (Figure 1). This analysis was
followed by Tukey’s post hoc test with Bonferroni correction for multiple comparisons.

There was a significant main effect of Group (F(1,30) = 14.78, p < 0.001, η² = 0.098)
reflecting better overall results in the WS group than in the DS group in the ToM test-
R. A significant main effect of Test was found (F(2,60) = 113.338, p < 0.001, η² = 0.554)
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showing that the three levels of the test differentiated themselves in terms of difficulty. The
Group × Test interaction effect was not significant (F(2,60) = 0.662, p = 0.520, η² = 0.003).

Table 1. Mean scores for participants with WS and DS in the ToM test-R.

Variables

Group

Williams Syndrome Down Syndrome

Mean SD Shapiro–Wilk W Mean SD Shapiro–Wilk W

Prerequisites of ToM 9.50 1.93 0.93 7.88 2.03 0.84 **
First manifestations of a real ToM 5.13 2.53 0.96 2.56 1.50 0.80 **

Highest level of ToM 4.06 2.11 0.92 1.94 2.02 0.86 *

Note. SD: Standard Deviation, N = 16 in each group. * p < 0.05. ** p < 0.01.
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Figure 1. Mean scores for participants with WS and DS at each level of the ToM test-R.

Post hoc intra-group comparisons showed higher results for prerequisites compared to
first order (WS: +4.675, p < 0.001; DS: +5.312, p < 0.001) and compared to second order (WS:
+5.437, p < 0.001; DS: +5.937, p < 0.001). First order versus second order comparison was
not significant for either the WS group (+1.062, p = 0.479) or DS group (+0.625, p = 0.893).
Post hoc between-group comparisons revealed a better result in the WS group for first
order (+2.562, p = 0.017), but no difference for prerequisites (p = 0.218) and second order
(p = 0.067).

3.2. Language Development and Success in the ToM Test-R

We explored the developmental characteristics associated with the three levels of ToM
acquisition (prerequisites of ToM, first manifestations of a real ToM, highest level of ToM)
using cross-sectional developmental trajectories [36]. The trajectories of ToM acquisition
were plotted against each independent variable (word comprehension, word production,
syntax comprehension, syntax production, and emotional lexicon, see Table 2). For each
model, the influence of outliers on the regression line was checked, the goodness-of-fit
of different linear and non-linear functions was compared, and the linear method was
retained for each trajectory. The models with and without outliers were always plotted, but
the outliers were excluded from the main results only when the model was significant. In
this case, the standardized coefficients, with and without outliers, are presented to show
their influence.
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Table 2. Mean scores for participants with WS and DS in language abilities assessment.

Variables

Group

t ValueWilliams Syndrome Down Syndrome

Mean SD Shapiro–Wilk W Mean SD Shapiro–Wilk W

Word comprehension 26.13 2.03 0.85 * 25.00 2.34 0.92 −1.45
Word production 23.88 3.70 0.97 23.31 3.46 0.97 −0.45

Syntax comprehension 17.25 1.98 0.88 * 14.00 2.78 0.96 −3.81 ***
Syntax production 12.06 3.09 0.95 10.69 4.01 0.93 −1.09
Emotional lexicon 15.75 1.69 0.84 ** 13.56 2.37 0.95 −3.01 **

Note. N = 16 in each group. * p < 0.05. ** p < 0.01. *** p < 0.001.

3.2.1. Word Comprehension

For prerequisites of ToM, the model including word comprehension was not sig-
nificant for either group (WS: F(1,14) = 0.06, p = 0.802, R2 = 0.005; DS: F(1, 14) = 0.14,
p = 0.717, R2 = 0.010). The model examining first manifestations of a real ToM relative
to word comprehension was not significant (WS: F(1,14) = 0.07, p = 0.802, R2 = 0.005; DS:
F(1,14) = 1.42, p = 0.253, R2 = 0.092). The model examining highest level of ToM relative to
word comprehension also was not significant for either group (WS: F(1,14) = 0.27, p = 0.610,
R2 = 0.019; DS: F(1,14) = 0.35, p = 0.565, R2 = 0.024).

3.2.2. Word Production

The model examining prerequisites of ToM relative to word production was not
significant for either group (WS: F(1,14) = 0.41, p = 0.535, R2 = 0.028; DS: F(1,14) = 1.30,
p = 0.274, R2 = 0.085). For first manifestations of a real ToM, the model including word
production was not significant for either group (WS: F(1,14) = 0.09, p = 0.768, R2 = 0.006;
DS: F(1,14) = 4.01, p = 0.065, R2 = 0.223). The model examining highest level of ToM relative
to word production also was not significant (WS: F(1,14) = 0.03, p = 0.872, R2 = 0.002; DS:
F(1,14) < 0.01, p = 0.953, R2 < 0.001).

3.2.3. Syntax Comprehension

The model examining prerequisites of ToM relative to syntax comprehension was
significant in the WS group, F(1,14) = 5.24, p = 0.038, R2 = 0.272, demonstrating a linear
increase in success at the first level of ToM acquisition with increasing syntax comprehen-
sion (Figure 2). For the DS group, the model was not significant, F(1,14) = 0.02, p = 0.896,
R2 = 0.001. The model examining first manifestations of a real ToM relative to syntax
comprehension was not significant for either group (WS: F(1,14) = 0.07, p = 0.802, R2 = 0.005;
DS: F(1,14) = 1.42, p = 0.253, R2 = 0.092). The model examining highest level of ToM relative
to syntax comprehension also was not significant (WS: F(1,14) = 0.27, p = 0.610, R2 = 0.019;
DS: F(1,14) = 0.35, p = 0.565, R2 = 0.024).

3.2.4. Syntax Production

For prerequisites of ToM, the model including syntax production was not significant
for either group (WS: F(1,14) = 1.98, p = 0.183, R2 = 0.132; DS: F(1,14) = 0.30, p = 0.594,
R2 = 0.021). The model examining first manifestations of a real ToM relative to syntax
production was significant in the WS group (Figure 3), F(1,13) = 7.08, p = 0.015, R2 = 0.375,
showing a linear increase in success at the second level of ToM acquisition with increasing
syntax production (β = 0.61). One bivariate outlier was excluded from the model presented
(β = 0.32 when the outlier was included). For the DS group, the model was not significant,
(F(1,14) = 1.14, p = 0.304, R2 = 0.075). The model examining highest level of ToM relative to
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syntax production also was not significant (WS: F(1,14) = 1.24, p = 0.284, R2 = 0.082; DS:
F(1,14) = 0.12, p = 0.731, R2 = 0.009).
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3.2.5. Emotional Lexicon

The model examining prerequisites of ToM relative to emotional lexicon was significant
in WS group, F(1,14) = 6.08, p = 0.027, R2 = 0.303, demonstrating a linear increase in success
at the first level of ToM acquisition with increasing emotional lexicon (Figure 4). For the
DS group, the model was not significant, F(1,14) = 0.48, p = 0.499, R2 = 0.033. The model
examining first manifestations of a real ToM relative to emotional lexicon was not significant
for either group, but with a near-significant effect for DS (WS: F(1,14) = 0.10, p = 0.752,
R2 = 0.007; DS: F(1,14) = 4.33, p = 0.056, R2 = 0.236). The model examining highest level of
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ToM relative to emotional lexicon also was not significant (WS: F(1,14) = 0.91, p = 0.356,
R2 = 0.061; DS: F(1,14) = 1.16, p = 0.302, R2 = 0.082).
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4. Discussion
This study investigates the complex relationship between language abilities and ToM

development in children and adolescents with WS and DS. Our findings provide novel
insights into the intricate interplay between language and social cognition in these two
neurodevelopmental syndromes, contributing significantly to the ongoing debate regarding
the role of language in ToM development.

Our results demonstrate that the WS group performed significantly better overall in
the ToM test-R compared to the DS group, particularly in first-order beliefs. These findings
challenge the traditional view presented by Porter et al. (2008) [14] regarding severe social–
cognitive impairments in WS, and suggest a more complex picture of ToM abilities in
this population. The superior performance of the WS group aligns with early studies by
Karmiloff-Smith et al. (1995) [12], highlighting the relative strength of WS individuals in
social cognition, while also supporting more recent research by Campos et al. (2017) [27],
indicating the nuanced profile of ToM abilities in WS.

Our analyses revealed significant associations between specific language abilities and
ToM development in the WS group. This finding is consistent with de Villiers’ (2007)
hypothesis [5] on the crucial role of language in ToM development, particularly regarding
the importance of complement syntax for false belief understanding. The relationship
we found between syntax comprehension and ToM prerequisites, and between syntax
production and first manifestations of ToM, provides strong empirical support for Milligan
et al.’s (2007) meta-analytic findings [6] on the significant relationship between language
ability and false belief understanding. Notably, our findings regarding word production
and comprehension were not significant, suggesting that lexical abilities alone may not
be sufficient for ToM development. This selective pattern of associations highlights the
specific importance of syntactic abilities in ToM development.

The specific association between syntax and ToM in our WS group is particularly
noteworthy in light of Brock’s (2007) critical review of language abilities in WS [10]. While
Brock highlighted that some aspects of language may be relative strengths in WS, our
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findings suggest that these linguistic skills actively contribute to ToM development. This
observation expands upon Mervis and Pitts’s (2015) observations about the variability of
language skills within the WS population [11]. The strong association between syntactic
abilities and ToM in our WS group suggests that this variability in language skills might help
explain individual differences in social–cognitive development within the WS population.

The relationship between emotional lexicon and ToM prerequisites in our WS group
can be interpreted through the lens of Tager-Flusberg and Sullivan’s (2000) componen-
tial view of ToM [13]. Their distinction between social–perceptual and social–cognitive
components provides a framework for understanding why WS individuals might show
strengths in emotion-related aspects of ToM, while struggling with more cognitive compo-
nents. This pattern further supports Jones et al.’s (2000) observations about hypersociability
in WS [9], suggesting that enhanced social interest might facilitate the development of
emotional understanding.

A central finding of our study is the dissociation between language and ToM abilities
in the DS group, which contrasts sharply with the pattern observed in WS. We did not find
significant associations between language measures and ToM performance in the DS group,
except for a near-significant trend between emotional lexicon and first manifestations
of ToM. This result warrants examination in light of Chapman’s (1997) characterization
of language development in DS [19], which emphasizes significant impairments across
multiple linguistic domains. This dissociation becomes particularly striking when con-
sidered alongside Abbeduto et al.’s (2001) characterization of the linguistic and cognitive
profile of DS [18]. Despite documented challenges with language, particularly in syntax
and production, our DS participants showed evidence of ToM development that was not
strongly tied to their language abilities. The absence of strong language—ToM correlations
in our DS group presents a challenge to the universality of de Villiers’s (2007) language-first
hypothesis on ToM development [5]. Instead, our findings align more closely with Cebula
et al.’s (2010) suggestion [23] that children with DS may encounter difficulties in ToM
acquisition, but to a much lesser extent than with other neurodevelopmental conditions.
This raises the possibility that individuals with DS might develop ToM through alternative
pathways that are less dependent on language, perhaps relying more on social experience
and non-verbal cognitive abilities.

The apparent dissociation between language abilities and ToM performance in the DS
group is particularly intriguing, especially given that groups were matched on non-verbal
reasoning using RCPM. While individuals with DS typically show significant difficulties
with advanced syntax, this pattern suggests distinct developmental pathways in how
language and ToM abilities interact in each syndrome beyond language competencies alone.
This finding reflects syndrome-specific characteristics rather than general cognitive level.
Indeed, individuals with DS typically show significant difficulties with advanced syntax,
which is crucial for success in traditional false belief tasks. Therefore, their performance in
such tasks may underestimate their actual ToM capabilities, suggesting a need to develop
assessment methods less dependent on linguistic expression.

Regarding emotional understanding in both groups, our findings can be understood
within the framework provided by Moore (2001) [31] regarding emotion recognition in
people with intellectual disabilities. The significant relationship between emotional lexicon
and ToM prerequisites in the WS group corroborates Ibernon et al.’s (2018) demonstra-
tion [26] that individuals with WS perform well in recognizing emotions in dynamic facial
expressions. Similarly, our results complement Pochon et al.’s (2017, 2022) findings about
emotion recognition in DS [25,30], particularly their observation that performance improves
when linguistic demands are reduced.
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These results advance our theoretical understanding in several ways. They support
the specificity view of ToM development proposed by Scholl and Leslie (1999) [37], while
demonstrating that the relationship between language and ToM varies across neurodevel-
opmental disorders. The distinct patterns observed in each syndrome emphasize the need
for differentiated theoretical models of social cognitive development.

Our findings have direct implications for clinical practice. For individuals with WS,
interventions targeting syntactic skills and emotional vocabulary would be most effective
for enhancing ToM development. For individuals with DS, an approach emphasizing
non-verbal aspects of social cognition alongside language development would be more
appropriate. These syndrome-specific intervention strategies reflect the unique cognitive
profiles of different neurodevelopmental disorders.

While our study provides valuable insights, it has certain limitations. The cross-
sectional design and relatively small sample size limit our ability to draw causal conclu-
sions and generalize findings. While this sample size led to some violations of statistical
assumptions, particularly in the DS group, we followed the recommendations for rare
syndrome research [36] to maintain the most informative analytical approach. Additionally,
our study focused on specific aspects of language and ToM, and future research would
benefit from including measures on pragmatic language abilities and more naturalistic
assessments of social cognition. Future research should implement the following criteria:
(1) employ longitudinal designs to track the developmental trajectories of language and
ToM in WS and DS, (2) investigate the role of non-verbal cognitive abilities and environ-
mental factors in ToM development across different syndromes, (3) examine how different
aspects of language (vocabulary, syntax, and pragmatics) interact with various components
of ToM (emotional understanding and false beliefs, etc.) during development in larger
samples, and (4) investigate potential compensatory mechanisms that might support ToM
development in cases where typical language-based pathways are impaired.

5. Conclusions
Our study marks a significant advancement in understanding the complex relationship

between language and ToM in neurodevelopmental disorders. By demonstrating syndrome-
specific patterns of association between morphosyntactic abilities and ToM, we challenge
existing theories and pave the way for more nuanced, disorder-specific models of social–
cognitive development. These findings not only contribute to theoretical debates, but
also have important implications for clinical practice, highlighting the need for tailored
interventions that consider the unique cognitive profiles of individuals with WS and DS.

These results extend the research tradition on genetic syndrome specificity initiated in
the 1990s, which demonstrated that each syndrome presents a unique pattern of cognitive
strengths and weaknesses [7,19]. The dissociation observed between language abilities
and ToM in participants with Down syndrome raises a fundamental theoretical question:
do limitations in ToM tasks reflect a genuine difficulty in understanding mental states or
simply a difficulty in expressing this understanding due to morphosyntactic limitations?
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