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ABSTRACT

Theory of Mind (ToM) is impaired in individuals with Autism Spectrum Disorders (ASD). The aims of this study were
to: i) examine the developmental trajectories of ToM abilities in two different mentalizing tasks in children with ASD
compared to TD children; and ii) to assess if a ToM simple test known as Eyes-test could predict performance on the
more advanced ToM task, i.e. Comic Strip test. Based on a sample of 37 children with ASD and 55 TD children, our
results revealed slower development at varying rates in all ToM measures in children with ASD, with delayed onset
compared to TD children. These results could stimulate new treatments for social abilities, which would lessen the

social deficit in ASD.

Keywords: Autism Spectrum Disorders (ASD); developmental trajectories approach, eyes task, Comic Strip Test

(CST); Theory of Mind (ToM)



INTRODUCTION

Social cognition (SC henceforth) includes the cognitive processes based on the ability to process the social world
(Mazza et al. 2010). This ability is essential in everyday life as it allows us to predict other people’s behaviour and to
adequately modify our behaviour accordingly (Vetter et al. 2013). A main component of SC is known as Theory of
Mind (ToM), i.e. the ability to understand the mental and emotional states of other people (Mazza et al. 2010). ToM
affects the development of social behaviour from birth. The development of ToM ability follows a certain order of
sequence in typically developing (TD) children (Peterson et al. 2005; Wellman and Liu 2004). According to Broekhof
and collaborators (2015) children with Autism Spectrum Disorders (ASD) displayed the same progressive order but this
appeared to be delayed in age of attainment. Thus, individuals with ASD show a developmental pattern in their ToM
abilities, but this pattern may not necessarily resemble that of typically developing individuals or be easily compared to
other clinical groups such as individuals with mental retardation (Yirmiya et al. 1996).

From birth newborns appear to be predisposed to develop several social skills, such as the capacity to detect
social agents, mutual affiliation, and a preference for social patterns compared to non-social patterns (Happ¢ and Frith,
2014). At around 3 months, there is evidence that typical infants develop social reciprocity between self (i.e. the child’s
own body) and others (such as his/her mother), together with increasing participation in interaction. Happé and Frith
(2014) suggest that, by the age of 3 to 6 months, early capacities of emotion processing and sensitivity to social signals
emerge, chiefly through gaze processing. A few studies on children later diagnosed with ASD suggest a reduced
attention to social scenes at 6 months (Chawarska et al. 2013; Ozonoff et al. 2010). By the age of 2 years, TD children
clearly show awareness of the difference between thoughts of the mind and things in the world. At this age, they also
understand that a person will feel happy if he/she get what they want, and sad if he/she does not (Astington and Jenkins,
1999). At the same age (about 2 years) children with ASD show attenuated or absent social abilities including pretend
play (they prefer the repetitive manipulation of objects), joint attention and social communication. All these socio-
cognitive abilities seem to be linked to mentalizing abilities. Prior research on the development of ToM showed that TD
children begin to consolidate this ability at the age of 4-5 years (Happé and Frith 2014; Wellman et al. 2001). Around
the age of 6 years, this ability starts to become more elaborate, with the development of higher order ToM abilities
(Perner and Wimmer, 1985; Vetter et al. 2013), which are necessary to understand complex mental states (Happé 1994).
For instance, prosocial behaviour, moderated by the perceived morality of an adult-to-be helped, is strongly evident at
this age (Happé and Frith 2014).

In the previous studies ToM abilities was simply considered the ability to attribute mental states to oneself and

others, including knowledge, beliefs and intentions (Premack and Woodruff 1978). Recently, the definition of ToM has



expanded to include the understanding of feelings (Mazza et al. 2014; Sebastian et al. 2012; Shamay-Tsoory et al.
2005). Thus, ToM may be described as including two dimensions, respectively, cognitive and affective sub-processes
(Amodio and Frith 2006; Mazza et al. 2014; Sebastian et al. 2012; Shamay-Tsoory et al. 2010). Cognitive ToM refers to
the ability to make inferences about beliefs, intentions, motivations and thinking, whereas affective ToM is the ability to
understand what people feel in specific emotional contest such as their own emotional states are (Sebastian et al. 2012).

In the literature, at least part of the interest in ToM abilities is associated with the idea that individuals with
ASD lack ToM abilities and suffer from “mind-blindness” (Baron-Cohen et al. 2015). At a more general level, ASD is
characterised by difficulties in two domains: (1) social communication and interaction, (2) repetitive pattern of
behaviour (APA 2013; Lai et al. 2014; Mazza et al. 2014). The former symptom could be explained with the
impairment in ToM development of individuals with ASD (Broekhof et al. 2015).

Despite reported improvements in ASD symptomatology with age in domains such as motor or language
abilities, social abilities remain very limited (Lai et al. 2014). Indeed, children with ASD fail ToM tasks even in middle
childhood and adolescence (Peterson et al. 2005). Baron-Cohen and collaborators (1985) found that 80% of children
and adolescents with ASD failed a standard false belief test that was passed by TD pre-schoolers as well as by a control
group with Down syndrome. Thus, the specific ToM deficit in the individuals with ASD is independent of any general
developmental delay (Baron-Cohen 1989), and for this reason Baron-Cohen refers to the ToM deficit in ASD as a case
of specific developmental delay. Such deficits are often thought to hinder social inclusion and lead to social isolation in
people with ASD (Mazza et al. 2014).

The main purpose of this study was to identify a simple test that could be used for ToM screening in children
with ASD of a wide range of cognitive and behavioural functioning. A simplified version of the Eyes-Test (Franco et al.
2014) was used together with Comic Strip test (CST), a well-known test assessing different components of ToM
(Sivaratnam et al. 2012). The CST is associated with good receptive language ability about the social stories which the
test in based on, whereas the Eyes-Test (Franco et al. 2014) is a simple and fast measure which can to be used with non-
verbal or minimally verbal children. Therefore, this test could assist with the early detection of ToM impairments in
children with ASD: if failure on a verbal ToM task may be due to the failure to understand mental and emotional states,
it may equally reflect children’s difficulty to comprehend test stories or instructions (Astington 2001; Frye et al. 1995).
There is robust evidence highlighting a strong relationship between language development and ToM (Astington and
Jenkins 1999; Colle et al. 2007; Milligan et al. 2007; Sivaratnam et al. 2012, amongst others), for instance showing that
children with ASD show impairments in receptive and expressive language (Ambridge et al. 2015). Deficits in
nonverbal communicative behaviours impede a fluid development of social interaction and difficulties in nonverbal

communication and in social interaction are one of the diagnostic criteria for ASD.



Indeed, most measures used to assess ToM abilities require well-developed expressive and receptive language
skills, but many children with ASD have very poor verbal abilities (Colle et al. 2007). Thus, if proven to be a good
predictor of more advanced ToM in the typically developing and clinical groups, a single simplified test such as the
Eyes-Test (Franco et al. 2014) could substitute complex ToM tools without language mediation, hence offering a tool
suitable for work with younger and less able children and based on solid developmental dimensions. For this purpose, in
the present study children with ASD were compared to TD children using a developmental trajectories (DT) approach,
aiming to construct a function linking performance on specific experimental tasks with chronological and verbal mental
age, and then assessing whether such function differs between the TD and disorder groups (Thomas et al. 2009). This
approach allows researchers to study separately developmental effects determined by experience (Chronological Age)
from effects associated with language functioning per se (Verbal Mental Age). Divergent findings regarding the
correlation between ToM abilities and VMA were found. Indeed, some authors found a correlation between these two
variables (Charman and Baron-Cohen 1992; Eisenmajer and Prior 1991; Happe, 1994a/b, 1995; Leekam and Pemer
1991; Ozonoff and McEvoy 1994; Prior et al. 1990; Sparrevohn and Howie, 1995); whereas others researchers did not
find any correlation (Charman and Baron-Cohen 1992; Leekam and Perner, 1991). These inconsistent results may stem
from the fact that many researchers have used tests of single word receptive language skills, such as the British
Picture Vocabulary Scale (Dunn et al. 1982) or Peabody Picture Vocabulary Test (Dunn 1981), as a measure of verbal
ability. This measure may be too narrow to capture the global verbal ability of different clinical groups (Yirmiya et al.
1996). For this reason, in the present study we have elected to use a complete and complex verbal measure of Mental

Age, assessed with the Test for Reception of Grammar - Version 2 (TROG-2; Bishop 2003).

METHOD
Participants
Demographic and clinical information of all the participants are summarized in Tablel. Ninety four children
participated in this study: 37 individuals with ASD selected by the Reference Regional Centre for Autism of
<anonymised> (age range 61-157 months) and 57 TD (age range 60-147 months) recruited from local schools in the
same region and matching the ASD group on chronological and verbal mental age (respectively CA and VMA
henceforth). The groups presented uneven distributions by gender (respectively, ASD 34 males and 3 females; TD 37
males and 20 females) but mean CA and VMA were not significantly different in the two groups — see Table 1.

The ASD diagnosis was provided by experienced clinicians according to the new criteria of the DSM-5 (APA
2013). ASD diagnosis of patients was confirmed using the Autism Diagnostic Observation Schedule, Second Edition

(ADOS-2; Lord et al. 2012). Verbal Mental Age (MA) was assessed with the TROG-2 (Bishop 2003).



- Please insert Table 1 about here —

Procedure

All children were tested individually in a quiet room according to the principles established by the Declaration of
Helsinki. Ethical approval was obtained from the hospital’s Ethics Committee <anonymised>. The Ethics Committee
approved the experimental protocol prior to the recruitment of participants. Both parental informed consent and the
child’s assent were obtained before participation. Children with autism were tested at < anonymised>, whereas TD
children were tested in their nurseries or schools. All the children had Italian as their first language.

There were 12 children with ASD recruited from nurseries, 21 children from primary school settings (8
children the first class; 6 children the second class; 3 children the third class; 4 children the fourth class) and 4 children
attended the first class of secondary school. Twenty-five children had assistance from the special needs teachers.. All
children with ASD had IQ scores within the normal range although their verbal intelligence quotient index (VIQ) was
lower compared to performance intelligence quotient index (PIQ; see Table 1). In addition, results from parental scores
on the Vineland Adaptive Behavior Scales, Second Edition (Sparrow et al. 2005) indicated the mean age on verbal
abilities of 25.75 months (SD: 4.51) in contrast to motor abilities such as walking of 16.26 months (SD:1.89). All
parents reported motor clumsiness and social difficulties.

The order of tests and the experimenter were always the same for all children. A short break was allowed
between the completion of the TROG and the start of ToM measures. At the end of the testing session all participants
received rewards (i.e., coloured stickers). The first test administered was the TROG-2 (Bishop 2003). We selected
TROG-2 because this test assesses the complex and multifaceted nature of receptive language. Indeed, TROG-2 is a
standardized measure of receptive syntax, examining 20 specific syntactic constructions in its entirety. Each
construction is tested with a block of four items and testing a specific grammatical construction. The participant’s task
is to select the one drawing out of four choices that corresponds to a sentence read by the examiner. Each block is
characterized by a lexical element (noun, verb, adjective) or a grammatical element (word order, function word,
inflection), yielding the possibility to evaluate both lexical or syntactic errors (Kover et al. 2014). The total number of
blocks passed was used to calculate standard and age-equivalent scores. Many standardized assessments of receptive
language, including those that purport to examine specific domains of language (e.g., receptive syntax), are seldom
sufficient for characterizing profiles of receptive language impairments because they fail to fully probe mastery of
specific linguistic elements or constructions (Oakes et al. 2013; Laws and Bishop 2003).

Two types of ToM measures were collected from the children:



il.

Eyes-Task-simplified (Franco et al. 2014). The task contained black and white photos of children’s eye region,
portraying either mental states or primary emotions. The expressions included as primary emotions were happy
and surprised (positive/neutral valence), and sad and angry (negative valence), while excited and thinking
(positive/neutral valence), and worried and shy (negative valence) were selected to represent mental states.
Although in most cases it is unknown what the child was actually feeling at the time of taking the photographs,
they were all derived from naturalistic settings (e.g., taken by parents) rather than being posed specifically for
an experiment. 56 slides were prepared with each of the eight above-described target emotion/mental states
paired with each of the seven remaining emotion/mental states in the series. Testing lasted approximately 15
min, based on randomised presentation of the items. Accuracy was measured on a 0-7 scale, based on the
participant’s selection of one of two choices in seven comparisons per target emotion/mental state (for further
details, see Franco et al. 2014).

Comic Strip Task (CST) (Cornish et al. 2010; Sivaratnam et al. 2012). The CST is a recent 21-item measure
developed to assess three aspects of ToM. Besides an overall score, it comprises three subscales, testing the
understanding of Beliefs, Intentions and Emotions, respectively. Each subscale includes 5 items, each
comprising a 5-picture comic strip illustrating everyday social scenarios involving interpersonal interactions
familiar to young children. In addition, it contains a control subscale (two items for each subcomponent of
ToM), comprising non-social scenarios, albeit in similar settings to the other comic strips. For each item,
children are shown three pictures which tell a social story, after which they are presented with two pictures
containing alternative endings to the story, and asked to select the one that they think best completes the story.
One option indicates a lack of understanding of others’ mental states and is scored 0; the other indicates the
presence of such understanding, and is scored 1. Each ToM subscale has a maximum score of 5, with a total

test score of 15, with higher scores indicating superior ToM ability (Sivaratnam et al. 2012).

Data analysis

Analysis of variance was used to test participants’ scores in socio-demographic, clinical and social cognition test
measures. In addition, we used regression models to examine the association of ToM trajectories with developmental
measures contrasting the ASD and TD groups. First we considered functions that link performance with CA, and then
consider developmental functions linking performance with VMA, assessed with a stringent test as TROG. The use of
trajectories in the study of developmental disorders has its origin in growth curve modelling (see, e.g., Chapman et al.

2002; Thelen and Corbetta 1994; van Geert 1991) and in the wider consideration of the shape of change in development



(Elman et al. 1996; Karmiloff-Smith 1998; Thomas et al. 2009). For further details of the methodology used here for
estimating developmental trajectories, see Thomas et al. (2009). The Statistical Package for the Social Sciences (SPSS)

software (version 22; SPSS Inc, Chicago, IL, USA) was used in all statistical analyses.

RESULTS

1. Comparison of ASD to TD groups’ performance on social cognition tasks

As shown in Table 2, compared to TD children, children with ASD showed overall a significantly lower score on all
Eyes-Test components. On the Comic Strip test, the two groups showed significant differences in the Belief and

Emotion components, but no difference in the Intention component was found (see Table 2).

- Please insert Table 2 about here —

2. Developmental trajectories (DT)
Linear regression was used to evaluate how CA and VMA predicted task performance between groups. According to
Thomas et al. (2009), the trajectory approach used here has been specifically developed as a statistical method for
studying change over time, along with hierarchical linear modelling. Between-groups comparison of DT allowed us to
evaluate whether profiles generated from different groups differ significantly in terms of their gradients (indicating the
rate of change and direction of the trajectories) or intercepts (showing the onset of the trajectories). We contrasted
comparisons between the two groups for trajectories plotted according to CA and VMA within respectively Eyes-Test
and CST measures.

The regression results showed that CA has a significant relationship with tests used in this study, i.e. Eyes-Test
and CST performance in TD children but not in those with ASD (Table 3).

- Please insert Table 3 about here —

VMA showed a significant relationship with both the Eyes-Test and Comic Strip Test performance in TD children;
whereas for ASD group the significant relationship between VMA and mental states (both positive and negative) and

between MA and intentions component were found (Table 4). No other significant relationships were found.

- Please insert Table 4 about here-




Overall, in both ASD and TD groups, performance was significantly higher in function of CA than VMA, with the

exception of Comic Strip/Intention in TD children — see Figure 1a,b.

- Please insert Figure 1a.b about here -

2a. CA-based trajectories of Eyes-Test performance comparing ASD and TD groups

The DT of the Eyes-test scores based on CA are illustrated in Figure 2a.

Positive Primary Emotions-PPE

The regression model explained a significant proportion of variance (F; 9,=5.218; p=0.002; n’=.15). The model revealed
no significant effect of either Group (F,9,= 1.77; p=10.19; 1?=.02 ) or Group x CA interaction (F1.90=0.859; p=0.36;
1?=.009). On the contrary, the main effect of CA was significant (F1.90=5.105; p=0.02; 1°=.05), showing a lag of 33.7
months, i.e., 2 years and 8 months in the ASD group compared to TD group, indicating impairments in developing this

ability .

Negative Primary Emotions-NPE

The regression model explained a significant proportion of variance (F; 9,=2.702; p=0.05; 1n’=.10). The model revealed
very small effects, with Group (F; g,= 0.59; p = 0.44; 1?=.0007 ), CA (F100=1.59; p=10.221; = 0.017) and Group x
CA interaction effect all non-significant(F; o= 0.932; p = 0.337; n°=.01). For Negative Primary Emotion, the ASD

group showed a significant delay of 27 months in comparison to the TD group.

Positive Mental States-PMS

The regression model explained a significant proportion of variance (F; 9,=7.58; p=0.0001; 1’=.20). The model revealed
a significant main effect of Group (F9,= 6.14; p =0.01; 1n’=.06 ), indicating that the groups are different, as well as an
effect of CA (F; 9= 10.95; p=10.001; n’=0.11). No significant effect of Group x CA interaction was found (Fro=
0.002; p = 0.968; n°=.0). For Positive Mental States, the ASD group showed a lag of 58 months, i.e., 4 years and 8

months compared to TD group, indicating that this ability does not develop.

Negative Mental States-NMS
The regression model explained a significant proportion of variance (F0,=9.92; p=0.001; n°=.25). The model revealed

no significant effect of either Group (F; 9,= 0.96; p = 0.33; 1°=.01) or Group x CA interaction effect (F190=3.32;p=



0.072; n’= 0.04). On the other hand, the main effect of CA was significant (F, o,= 12.03; p = 0.001; n°=.12), showing
that two groups differ for CA. For Negative Mental States, the ASD group showed a delay of 14.6 months, i.e., 1 year

and 2 months compared to TD group.

2b. CA-based between-group comparison on Comic strip Test performance

The DT of the Comic Strip Test components based on CA are illustrated in Figure 2b.

Beliefs

The regression model explained a significant proportion of variance (F; 9,=21.89; p=0.001; n’=.43) and revealed
significant main effects for Group (F; 9= 13.79; p =0.001; 1n°=.14) showing that two groups differ and CA (F1.9=3.54;
p = 0.06; n°=.04) showing that two groups have significant differences for CA, but no significant interaction between
the two factors (Fy9,= 2.84; p = 0.096; 1°=.031). For the Beliefs dimension, the ASD group showed a significant

impairment of 84.83 months, i.e., 7 years compared to the TD group.

Emotions

The regression model explained a significant proportion of variance (F; 93=6.75; p=0.0001; n’=.19) and revealed a
significant main effect of Group (F; 93= 6.58; p =0.01; 1’=.07) showing that two groups are different as well as a small
Group x CA interaction effect (F;g3=3.54; p=0.05; 1= 0.04). On the other hand, no significant main effect of CA
was found (F; o3= 0.54; p = 0.82; 1°=.001). For the Emotion dimension, the ASD group showed a lag of 87.5 months,

i.e., 7 years and 2 months compared to the TD group, indicating an impairment on this test .

Intentions

The regression model did not explain a significant proportion of variance (F; 9,=1.97; p=0.12; 1°=.06) but it revealed
significant main effects of Group (F; g,=2.66; p =0.01; 1?=.003) and Group x CA interaction (F1.92=5.13; p=10.02;
1= 0.05). On the other hand, no significant main effect of CA was found (F, o= 0.08; p = 0.77; n>=.001). For the

Intentions dimension, the ASD group showed a lag of 52.5 months, i.e., 4 years and 3 months compared to TD group.

- Please insert Figure 2a and 2b -

2b. Between-group comparisons of developmental trajectories based on VMA

VMA-based between group comparisons on Eyes-Test performance



For details about DT based on VMA and Eyes-test see Figure 3a.

PPE

The regression model explained a significant proportion of variance (F; 9,=3.83; p=0.01; n’=.12). The model revealed
no significant main effect of Group (F; 9= 1.12; p=0.73; n?=.001) as well as the Group x VMA interaction effect
(F1.92=0.19; p = 0.66; 1°=.002) and VMA (F19=3.21; p=0.077; 1’=.03), showing a delay of 29.5 months i.c., 2 years

and 5 months in the ASD group compared to TD group.

NPE

The regression model explains a significant proportion of variance (F; 9,=3.28; p=0.02; 1n°=.10). The model revealed no
significant main effect of Group (F; 9,= 0.88; p = 0.35; 1?=.010) as well Group x VMA interaction effect (F190=0.151;
p = 0.7; 1*=.002). On the other hand, the effect of VMA (F, o,=4.98; p = 0.028; n°= 0.053) was significant showing
that the groups differ for VMA. For the Negative Primary Emotion, the ASD group showed significant delay of 38

months, i.e., 3 years and 2 months in comparison to the TD group.

PMS

The regression model explains a significant proportion of variance (F; 9,=8.45; p=0.0001; 1’=.22). The model revealed
no significant main effect of Group (F; o= 2.14; p=0.15; n’=.02 ) as well as Group x VMA interaction effect (Fi05=
0.39; p = 0.53; n’= 0.004). On the other hand, the effect of VMA (F1.92=13.87; p=0.0001; n°= 0.13) was significant.
For Positive Mental States Primary Emotion, the ASD group showed a lag of 48 months, i.e., 4 years compared to TD

group, thus indicating that this ability does not develop.

NMS

The regression model explains a significant proportion of variance (F; 9,=12.16; p=0.0001; 1°=.29). The model revealed
no significant main effect of Group (F; 9= 0.001; p=0.97; n?=.0001 ) as well as the effect of Group x VMA interaction
effect (Fy9,=0.69; p=0.41; 1= 0.008). On the other hand, the main effect of CA was significant (Fi190=21.54;p =

0.001; n°=.19). For Negative Mental States, the ASD group showing a delay of 12 months, i.e., 1 year compared to TD

group.



VMA-based between-group comparisons of Comic strip Test performance

For details about DT based on VMA and Comin Strip Test components and total score see Figure 3b.

Beliefs

The regression model explained a significant proportion of variance (F; 9,=19.81; p=0.001; 1’=.43). No significant main
effects for Group (Fj 0= 1.82; p = 0.18; n°=.02); VMA (F, o= 2.74; p = 0.10; >=.03) and interaction between the two
factors (F; 9= 0.77; p=0.38; 1?=.009) were found. For the Beliefs component, the ASD group showed a lag of 98.08

months i.e., 8 years compared to TD group, thus indicating that this ability does not develop.

Emotions

The regression model explained a significant proportion of this variance (F; ¢,=6.84; p=0.0001; 1n°=.19). No significant
main effects for Group (F; o= 1.14; p = 0.28; 1°=.01) and the effect of Group x VMA interaction effect (F1.90=0.004; p
=0.94; 1”=.0001). On the other hand, a significant effect for VMA (F, o= 4.28; p = 0.04; n°=.05) was found. For the
Emotions component, the ASD group showed a lag of 99.5 months i.e., 8 years and 2 months compared to TD group,

thus indicating that this ability does not develop.

Intentions

The regression model explained a significant proportion of variance (F; 9,=2.79; p=0.04; 1°=.09). Significant main
effect of Group (F; 9= 7.58; p = 0.007; 1°=.08) and Group x VMA interaction (F1.90=8.37; p=0.005; n°= 0.09) were
found. On the other hand, no significant main effect of VMA was found (F; o= 0.42; p = 0.51; 1?=.005). For the
Intentions component, the ASD group showed an atypical delay of 53.2 months i.e., 4 years and 4 months compared to

TD group.

- Please insert Figure 3a and Figure 3b about here —

3. Relationship between Eye-Test and Comic Strip Test

Finally, we used an ANCOVA (analysis of covariance) to study the effect of a "covariate", i.e. a third variable, on the
dependent variable when comparing the ASD and TD groups. In this analysis the dependent variables were each
component of the Eyes-Task, while the covariate was represented by the Comic Strip components (Belief, Emotion,

Intention). The aim of this crucial analysis was to evaluate if a basic mind-reading task such as the simplified Eyes-Test



(Franco et al., 2014) could predict performance on the more complex ToM Comic Strip Test. CA and VMA were
initially entered in the model but did not produce any significant effects.

Overall, the results showed that the introduction of the Belief and Emotion CST components as covariates did
not delete the differences between groups on each Eyes-Test component because the interaction between group and
beliefs/emotions components were not significant; specifically when the covariate is beliefs component the results were:
for PPE (group: F; oo=1.44; p=0.23; beliefs: F; 9=0.30; p=0.58; Group X beliefs: F; 9=0.05; p=0.81); for NPE (group:
F19,=0.31; p=0.57; beliefs: F; 9,=2.55; p=0.11; Group X beliefs: F; 9o=0.08; p=0.78); for PMS (group F; ¢,=0.37;
p=0.54; beliefs: F; =3.27; p=0.07; Group X beliefs: F; o=0.001; p=0.97 ); for NMS (group F, 9,=0.22; p=0.88; beliefs:
F,9,=0.74; p=0.78; Group X beliefs: F; 9,=2.04; p=0.15). Whereas when the covariate is emotions component the results
were: for PPE (group: F; 9,=0.07; p=0.78; emotions: F; 9,=1.27; p=0.26; Group X emotions: F; 9=0.49; p=0.48); for
NPE (group: F; 9,=0.09; p=0.76; emotions: F ¢,=0.10; p=0.74; Group X emotions: F; ,=0.1; p=0.91); for PMS (group
F,9,=0.24; p=0.62; emotions: F; 9,=1.68; p=0.19; Group X emotions: F; ¢,=0.001; p=0.98 ); for NMS (group F, ¢,=1.39;
p=0.24; emotions: F; 9,=2.31; p=0.13; Group X emotions: F; ¢,=2.68; p=0.10). On the contrary, the introduction of the
Intention CST component modified the Eyes-Test results except for NPE. Specifically for PPE (group: F; 9,=8.63;
p=0.004; intentions: F; 9=0.79; p=0.37; Group X intentions: F, ¢,=4.63; p=0.03); for NPE (group: F, ¢,=3.007; p=0.08;
intentions: F ¢,=0.69; p=0.41; Group X intentions: F; ,=1.22; p=0.27); for PMS (group F, ¢,=14.64; p=0.001;
intentions: F ¢,=2.25; p=0.13; Group X intentions: F; ,=8.52; p=0.004 ); for NMS (group F; 9,=12.45; p=0.001;
intentions: F, ¢,=0.98; p=0.32; Group X intentions: F; ,=7.48; p=0.008). Thus, the simple Eyes-Test predicted
performance in two components of CST, elucidating significant group differences, which instead are not associated with

the Intention component of CST.

DISCUSSION

The present study examined the developmental trajectories of ToM abilities across two different mentalizing tasks in
children with ASD compared to TD children, with the hypothesis that the simpler task (suitable for a broader range of
children on the autistic spectrum) would predict performance on the more advanced tasks (relying more on verbal
reasoning). ToM ability was measured over an 8-year period (age range 5-13 years).

There is agreement in the literature that by around 4-5 years TD children have consolidated a ToM. With
development, around 6 -7 years, ToM abilities became more elaborate in TD children as at this age they pass tests of
second-order theory of mind (Happé and Frith 2014). In addition, TD 7-year-olds can distinguish, for example, whether
a person is lying, joking or being ironic, which are important abilities for everyday social skills (Happ¢ and Frith 2014).

Aiming to contribute novel findings to this literature, in the current study we tested the relationship between earlier and



later ToM abilities and we used the DT approach to evaluate how the performance on ToM tests is related with age, and
to assess whether this relationship differs between the TD and the ASD groups. In some studies, CA is found to be the
most sensitive predictor of developmental trends (e.g., Franco et al. 2014); however, in the present study, both CA and
VMA were used to analyse the DT of ToM abilities. According to Thomas et al. (2009), the comparison between
disorder and TD groups can be based on both CA and VMA, with the latter being derived from a relevant standardized
test. It is important to highlight that the use of VMA is theory-dependent, i.e. it is based on a theory-driven view on
which standardized test adequately measures developmental progression in the domain that the experimental task is
thought to evaluate (Thomas et al. 2009; Yule 1978). In this study we used the TROG-2 (Bishop 2003), which identifies
difficulties in various aspects of grammatical understanding at sentence level (Nordberg et al. 2015). Nordberg and
collaborators (2015) showed the correlation between measures of TROG and second-order ToM test.

The results of the present study showed that ASD and TD groups perform significant different in all Eyes-Test
components, i.e. both primary emotions (positive and negative) and mental states (positive and negative). Consistently
with Franco et al. (2014), children with ASD showed lower scores in the task requiring them to understand emotional
and mental states when observing photos of other children’s eyes. The ASD group also displayed lower scores in the
beliefs and emotions components of CST compared to the TD group, but no significant difference between groups
emerged for the CST intentions component. This is consistent with the suggestion that the ability to understand others’
beliefs and emotions is more complex with respect to the ability to understand the intentions of other people (Happé and
Frith 2014). The latter ability occurs earlier in development as it is already present, to a certain extent, in TD infants
(Happé and Frith 2014). Thus, it is possible that in children with ASD this ability becomes available later, and at age of
about 6 or 7 years they gain the ability to understand the intentions of other people.

In the linear regression analyses carried out to evaluate the relationship between CA / VMA and ToM
measures within each group (TD and ASD), the results showed that CA has a significant relationship with tests used in
this study, i.e. Eyes-Test and CST performance in TD children but not in those with ASD. Thus, when controlling for
CA, all abilities to understand the mental and emotional states of other people are compromised in children with ASD.
It appears that CA does not modulate the performance outcomes in the ASD group on the tasks. CA provides
environmental experience in terms of repeated exposure but this does not appear to be specifically associated to
performance. The environment of early years does not always allow ASD children to acquire adequate experience about
social interaction and behaviour due of the infant social difficulties which in turn limit progress associated with
experience, with the addition of potentially interacting variables such as higher levels of autistic traits in families

(Hasegawa et al., 2015).



On the contrary, VMA appears to be a good predictor of ToM abilities (Happe 1994). Indeed, scores on the
VMA in the ASD group showed a significant relationship between this variable and mental states (both positive and
negative), and intentions component (CST). Hobson (1984) showed that children with ASD succeeded on ToM tasks as
could be expected from their MA; thus, it can be argued that ToM tests require a specific cognitive ability, which could
correspond to VMA.

The results of the DT analysis conducted on the simplified Eyes-Test showed a developmental difference
between the ASD/TD groups of 2;08 years and 2;05 years for positive primary emotions on CA and VMA respectively.
Similarly, the difference between the two groups was 2;02 and 3;02 years for negative primary emotions respectively on
CA and VMA. The developmental delay grew when considering mental states: for positive mental states, compared to
the TD-group the ASD-group showed a delay of 4;08 years for CA and 4;00 years for VMA. When considering
negative mental states, the ASD delay with respect to the TD group was smaller: 1;02 months for CA and 1 year for
VMA, respectively. We thus suggest that the understanding of negative mental state is also a complex ability for
children with TD. Previous studies have not been consistent in this matter, with some showing that children identified
positive expressions and situations more readily than negative ones (Denham et al. 1990), but Franco et al. (2014)
findings showing an advantage for the recognition of negative states and speculating that this may be due to survival
advantages offered by this ability.

The DT analysis for CST showed that the delay in the ASD- compared to the TD-group was larger than in the
Eyes-Test, which is consistent with the higher level of difficulty and complexity of this test. Indeed, this test requires
good expressive and receptive language ability, that is abilities specifically impaired in ASD (Colle et al. 2007). The DT
analysis on CST/belief performance showed that the difference between the two groups was 7 and 8 years, for CA and
VMA respectively, whereas the ASD-group’s performance was impaired on the CST/emotion component with 7;02 on
CA and 8;02 on VMA. However, for the CST/intention component the ASD/TD group difference in the development of
this ability was less prominent, with 4;03 for CA and 4;04 for VMA, respectively. Interestingly, this suggests that,
similarly to the Eyes-Test, development in CST/intention is delayed in the ASD group, rather than lacking as in the
CST/belief and emotion component. As already mentioned, the groups were not statistically different in CST/intentions;
however the DT approach allowed us to elucidate that the ASD-group has a delay in the development of the ability to
recognize other people’s intentions; on the contrary the abilities to recognize beliefs and emotions of others is severely
compromised in ASD. For example, in our ASD sample, children aged around 60-85 months appeared to be challenged
by reading intentions, whereas children around 90-157 months did show good performance in this component and thus

they compensated the delay and obtained the same overall level of performance as the TD sample. Thus, the DT



analysis showed that the ASD group has a delay in earlier ToM abilities and an impairment of the complex ToM
abilities.

Finally, and very importantly, the results supported the hypothesis that the simplified Eyes-Test (a simple task
requiring minimal verbal abilities) could predict the performance on a more complex ToM task such as CST, thus
providing researchers and clinicians with an instrument suitable for using not just with high-functioning ASD groups
but with the broader spectrum. The current results showed that the introduction of CST components as covariates did
not change the pattern of results in Eyes-Test except for the intention component. On the contrary, the interaction
between group and intentions component does not affect the negative primary emotions performance. These results
could be due to early development of the ability to recognize the intentions of other people compared to other’s beliefs
and emotions. Thus if a child learned to recognize others’ intentions, s’he is more likely to recognize the emotional and
mental states through the gaze observation, particularly if those intentions and emotions are negatively valenced, hence
raising the possibility of immediate negative consequences for the perceiver.

One important limitation of this study concerns the evaluation of VMA. The results of this study indicate that
the VMA is one of the most important predictors of TOM abilities but we know that the VMA is theory-related as it
depends by the standardized test that a clinician decides to use. However, we decided to use the VMA instead of general
1Q scores, because the latter are not sensitive to ToM abilities. Indeed, studies on children with learning difficulties
based on lower 1Q scores showed that these children passed ToM tasks, compared to ASD children who did not, for
instance, children with Down syndrome with low 1Q scores who can perform close to the ceiling scores on ToM tasks
(Baron-Cohen et al. 1985; Baron-Cohen 1989; Happe¢ 1994b). Thus, ToM difficulty appears not to be based on the

general 1Q level, whereas VMA appears a more promising associated measure.

CONCLUSION

Our study highlights the importance to use age-appropriate ToM tests that are compatible with the characteristics of
children in different disorder groups; in the case of the broad autistic spectrum, tests relying on minimal verbal ability
appear more suitable yet effective in predicting more complex ToM abilities. In addition, the DT results highlighted that
the ASD profile is best described in terms of delay in the development of mentalizing abilities rather than by a total lack
of ToM. More specifically, the results showed that the development of the CST/intention component is delayed in
children with ASD compared to TD children. Moreover, the delay of basic components of ToM does not allow to ASD
children to develop complex ToM abilities such as the recognition of beliefs and emotions of other people. Thus early
habilitation programs of these abilities could improve social competences, attenuate the social deficit in children with

autism and reduce their isolation.



Specifically, habilitation programmes ought to be developed using ToM concepts and divided in several steps
in agreement with results of DT analysis: (1) knowledge of the primary emotions with different valences; (2) knowledge
of the mental states with different valences; (3) observe the gaze of people or other social cues to learn to interpret
someone’s intentions/emotions through the interpretation of these cues; (4) awareness that other people can have
intentions different by own intentions; (5) ability to discern others’ emotions/beliefs based on the knowledge about
social context; (6) ability to use the vocabulary of emotions and expression terms in adequate way with own culture; (7)
capacity for emotional self-efficacy (Mazza et al. 2010; Kumschick et al. 2014).

In light of the results obtained in this study, the future perspectives in the developmental approach studies in individuals
with ASD should be: (1) evaluate the development of ToM precursors in infants and toddlers (2) identify the severity of
symptoms on the development of ToM abilities in children with ASD (3) creation of rehabilitation treatments consistent
with a delay hypothesis of ToM abilities, and not to a general deficit of these social competences. The creation of
evidence-based habilitation treatments should be the main objective of the clinicians and researchers who work in this

field.
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Table 1: Demographic data of the sample and clinical information concerning the ASD group

TD group ASD group F p
(n=57) (n=37) DF = 1,93

Mean (SD) Mean (SD)
Demographic data
Chronological Age 85.65 (26.17) 95.91 (24.9) 2.54 0.083
Verbal Mental Age 90.74 (28.86) 83.13 (27.40) 1.60 0.209
Gender 37M;20 F 34M;3F - -
Education in years 2.47 (1.94) 2.94 (2.13) 1.22 0.271

VIQ
PIQ
TIQ

82.48(18.24)
92.19(17.20)

82.11(17.74)

Clinical information

ADOS-social communication and social
interaction

ADOS- Repetitive and Stereotyped
Behaviours

ADOS Total scores

9.48 (2.93)

1.29 (1.2)

10.78 (3.11)

Legend: VIQ= verbal intelligence quotient; PIQ= performance intelligence quotient; TIQ= total intelligence quotient



Table 2: Summary of TD and ASD groups’ performance in two social cognition measures.

TD group ASD group F P Effect Size
Mean (SD) Mean (SD) DF = 1,93 7,
Eyes-Test
Positive Primary Emotion- 6.06 (0.76) 5.50 (1.27) 7.02 0.009 0.14
PPE
Negative Primary Emotion- 6.33 (0.63) 5.97 (1.06) 4.17 0.044 0.10
NPE
Positive Mental States-PMS 5.88 (0.95) 5.11 (1.45) 9.37 0.003 0.19
Negative Mental States- 5.52(0.97) 491 (1.14) 7.48 0.008 0.14
NMS
Comic Strip Test
Beliefs 3.40 (0.66) 3.81(0.99) 53.39 0.001 0.37
Emotions 4.49 (0.66) 3.81(0.99) 15.49 0.001 0.20
Intentions 3.72 (1.34) 3.71 (1.36) 0 0.993 0
Total score 11.61 (1.87) 9(2.38) 34.72 0.001 0.28




Table 3: Summary of linear regression analyses evaluating the relationship between Chronological Age and ToM
measures within each group (TD and ASD)

p R® F P
TD Group
Eyes-task
Primary Emotions
Positive 0.013 0.197 13.53 0.001
Negative 0.008 0.102 6.25 0.01
Mental States
Positive 0.015 0.178 11.87 0.001
Negative 0.021 0.330 27.13 0.0001

Comic Strip test

Beliefs 0.018 0.113 6.75 0.01
Emotions 0.007 0.07 4.96 0.03
Intentions 0.014 0.08 4.51 0.04
ASD Group
Eyes-task

Primary Emotions

Positive 0.05 0.01 0.39 0.53

Negative 0.01 0.001 0.2 0.88
Mental States

Positive 0.16 0.073 2.76 0.10

Negative 0.007 0.02 0.72 0.36

Comic Strip test

Beliefs 0.001 0.001 0.025 0.87

Emotions 0.006 0.02 0.76 0.38

Intentions 0.011 0.04 1.47 0.23




Table 4: Summary of linear regression analyses evaluating the relationship between Mental Age and ToM measures
within each group (TD and ASD)

B R? F P

TD Group

Eyes-Test

Primary Emotions

Positive 0.008 0.102 6.21 0.01

Negative 0.006 0.069 4.08 0.05
Mental States

Positive 0.013 0.157 10.24 0.002

Negative 0.019 0.337 28.002 0.0001

Comic Strip test

Beliefs 0.013 0.059 3.35 0.05
Emotions 0.007 0.082 4.73 0.03
Intentions 0.013 0.059 3.31 0.05
ASD Group
Eyes-task

Primary Emotions

Positive 0.005 0.012 0.42 0.51

Negative 0.008 0.04 1.61 0.21
Mental States

Positive 0.018 0.12 4.76 0.03

Negative 0.013 0.103 4.02 0.05

Comic Strip test

Beliefs 0.004 0.012 0.42 0.52

Emotions 0.006 0.029 1.04 0.31

Intentions 0.18 0.13 5.11 0.03




Figure 1

Within-group comparison between CA and MA for a each eyes-test component evaluated, and b each CST component
evaluated. All comparisons were significant with p < 0.001.
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Figure 2

Between-groups comparison of developmental trajectories based on CA: a on the eyes-test and b on the comic strip

task.
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Figure 3

Between-groups comparison of developmental trajectories based on MA: a on the eyes-test and b on the comic strip

task.
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