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Abstract. Recent evidence supports the emergence, at around 4-5 years of age in typical
development (TD), of metarepresentational cognitive capacities including reasoning about falsebeliefs (FB) and thinking about the same objects under different descriptions (‘intensionality’).
Evidence from both neurotypical development and autism spectrum conditions (ASC) also
supports relations between the development of FB reasoning and language, specifically the
understanding of embedded clauses. The objective of this study was to assess in children with ASC
and TD how FB reasoning, intensionality and complex syntax relate to one another, and which
distinctions within the syntax of embedded clauses contribute to these relations. Twenty-five
children with ASC (mean age 9;4) and 25 TD children (mean age 9;1) matched on both
chronological and verbal mental age participated in a picture-matching task presented via touchscreen. They were assessed on ‘Sally-Anne’ type belief reasoning, intensionality and embedded
clauses, including relative clauses and three types of complement clauses, namely ‘says that’, ‘sees
that’ and ‘seems that’. Results showed that, after Bonferroni correction, the ASC group performed
significantly lower than TDs in intensionality (p=.001), clausal embedding (p<.001), and
specifically in complement clauses (p=.002), and ‘says that’ (p=.004), while Sally-Anne (p=.010)
and ‘seems that’ (p=.016) were significant before but not after correction. Performance in ‘seems
that’ was significantly worse than in any other type of embedding in both groups. Intensionality,
complement clauses and belief reasoning all correlated with each other, in the ASC group only
(p≤.001). These findings confirm that different metarepresentational capacities and the maturation
of the syntax of complementation are linked in children with ASC, while also underlining crucial
differences between syntactic construction types and the cognitive distinctions they capture.

1.

Introduction

When we refer to objects or persons in the world, we need not describe them: we can simply point
to them or say this, it, or she. Pointing, however, is restricted to the here and now, and deictic
determiners and pronouns, too, have restricted uses, e.g. this or he tend to be usable only with the
referent perceptually salient or else already identified, making a further description unneeded. In
general, therefore, reference is mediated by descriptions (i.e. by concepts that we have of objects
or events, e.g. a man, a toy, your drive to the supermarket), which capture substantive properties
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identifying the referents (objects or events) in question. The words that do this correspond to ways
in which we think about these objects or conceptualize them. Crucially, however, objects can be
thought about by different people in different ways, e.g. the very same object can be referred to as
a dog, my pet, or Lucy, on different occasions and by the same or by different people. Crucially, it
can be opaque in this case whether what is conceptualized my pet or Lucy for one of them, is only
a dog for another (who may not know the pet’s name or whose pet it is). This pervasive and
intrinsic feature of reference is commonly referred to under such labels as the ‘aspectuality’ or
‘intensionality’ (with an ‘s’) of reference, as distinct from its intentionality (with a ‘t’) or the
‘aboutness’ feature of mental content as such (McKay & Nelson, 2014; Hinzen, 2017).
A number of studies of intensionality have provided consistent evidence that handling the
intensionality of object reference provides considerable problems for typically developing (TD)
children far beyond 4 years of age, which is commonly regarded as the watershed of the maturation
of false belief (FB) understanding (Apperly & Robinson, 1998; 2003; Kamawar & Olson, 1999,
2009, 2011; Russell, 1987; Sprung, Perner, & Mitchell, 2007; Proft & Rakoczy, 2019). These
studies generally tested whether children appreciate that agents identifying an object under one
description, X, may or may not be able to identify or think about it under another description, Y,
when X and Y are in fact co-referential. Evidence suggested that full capacities as revealed by
consistent success in such dual-description tasks do not mature before 5-7 years (Apperly &
Robinson, 1998; Kamawar & Olson, 2011; Proft & Rakoczy, 2019). In addition, Osterhaus,
Koerber, & Sodian (2016) found that even 10 year-olds retain difficulties in reasoning about
visually ambiguous objects (e.g. duck-rabbit) and how others would perceive these (see also
Carpendale & Chandler, 1996).
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This could suggest that belief reasoning is not a unidimensional capacity that evolves in a
single developmental ‘Big Bang’, but a multidimensional one, which instead matures in stages,
with substantial conceptual changes still taking place over the preschool years (Wellman & Liu,
2004; Lalonde & Chandler, 2002; Osterhaus et al., 2016), and with performance limitations and
pragmatic factors (Oktay-Gür & Rakoczy, 2017) explaining some, but probably not all, of the time
lags involved. Such time lags are particularly pronounced in children with autism spectrum
conditions (ASC), where the cognitive changes required to pass even ordinary first-order FB tasks
can extend well beyond the 4-5 year limit, until up to 9 years of verbal mental age (VMA), even
where no intellectual disability is involved (Happé, 1995; see also Baron-Cohen et al., 1985), even
where verbal demands are minimized (Colle et al., 2007), and irrespective of executive functioning
(Durrleman & Franck, 2015). Since intensionality tasks have barely been targeted in research in
ASC, it would be of particular interest to investigate its extended time course and how it relates to
ordinary FB tasks in this population, which we attempt here.
In the case of intensionality, evidence against a late maturation of such competence on TD
children’s road to a full Theory of Mind (ToM) competence has recently come from simplified
dual-identity tasks. These have suggested that children around 4-5 years of age in fact acquire a
unified understanding of beliefs, including the inherent aspectuality of reference (Rakoczy,
Bergfeld, Schwarz, & Fizke, 2015). In that study, the authors used a number of dual-identity
objects, for example a bunny that was also a carrot. The object was put into a location (Box 1) in
the presence of an agent (Heinz), who saw it as a bunny and did not know it could be turned into
a carrot. After Heinz left the room, the object was taken out of the box and its other aspect (carrot)
was revealed, after which it was put back into Box 1. In the final step, Heinz returned and the
object was moved under its carrot aspect from Box 1 to Box 2. The test question was ‘Where will
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Heinz look for the bunny?’, with ‘Box 1’ as the intended correct answer. This answer required to
take the aspectuality of object reference into account: Heinz still believed that the object, under its
bunny aspect, was in Box 1, and he did not know that the bunny was the carrot. Contrary to earlier
findings, the performance of 20 4-5 year olds (though tested with only 2 trials in this condition)
was above chance, with only 5 failing the task. The authors concluded that earlier assumptions
about a more extended maturation of mental state reasoning, with intensionality mastered only
later, were confounded by performance factors.
A subsequent experiment (Study 2) in the same study tested the same type of condition in
another group of children (N=23, 3-6 year olds), with similar results and a strong correlation with
first-order (but not second-order) FB reasoning performance, which remained strong (but lower)
when controlling for age and verbal ability. Verbal ability, however, was measured using the
vocabulary subscale of the Kaufman Assessment Battery for Children (Kaufman & Kaufman,
1999), i.e. the study did not take the role of grammatical abilities into account. This touches upon
an important further research question in this context, namely the role of language in the
development of the cognitive capacities discussed above. A whole suite of studies (including
group-control, longitudinal, and training studies), in both TD and clinical groups, particularly
ASC, have provided strong evidence that specific grammatical milestones correlate with FB
performance in development (Astington & Jenkins, 1999; Steele, Joseph & Tager-Flusberg, 2003;
Hale & Tager-Flusberg, 2003; Lohmann & Tomasello, 2003; Tager-Flusberg & Joseph, 2005). An
interesting question, therefore, beyond relations between FB and intensionality, is whether
intensionality relates to language, too, and which aspects of language play as role in relation to
both of these metarepresentational capacities.
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ASC is a particularly suitable clinical group to explore this question. Children with ASC
are well recognized for their prevailing difficulties with both FB and language, as well as
considerable variability in performance on both FB and language tasks (Durrleman & Franck,
2015; Durrleman et al., 2016; Durrleman; Hinzen & Franck, 2018; Lind & Bowler, 2009; TagerFlusberg & Joseph, 2005). This makes the above questions not only particularly addressable in
this population, but addressing these questions can also shed light on cognitive development in
ASC. As for which specific element of language accounts for the link between language and FB,
there is wide consensus that this element is grammar and specifically the syntax of clausal
complementation (Astington & Jenkins, 1999; Fisher et al., 2005; Paynter & Peterson, 2010;
Tager-Flusberg, 2000; Tager-Flusberg, 2003; Tager-Flusberg & Joseph, 2005; Lind & Bowler,
2009; Lohmann & Tomasello 2003; Durrleman et al.; 2019). This makes theoretical sense given a
crucial property of complement clauses, namely that they can be false even when the sentence as
a whole is true (e.g. Heinz thinks the bunny is in the first box, when in fact the bunny is in the
second box; the complement clause in question is underlined). Sentences with embedded
complement clauses, in short, encode, in virtue of their very structure, a representation that is metarepresented, namely as the content of another person’s thought. They are perfect instruments,
therefore, to reason through a FB problem as well as to provide the representational format of the
thoughts involved.
Going beyond clausal complements, Durrleman, Hinzen, & Franck (2018) recently
substantiated earlier evidence (Smith, Apperly, & White, 2003) for an extended correlation
between embedded clauses and FB performance, comprising relative clause comprehension as
well. Crucially, relative clauses, which are embedded under noun phrases, do not lexically
reference mental states. Based on their findings, the authors argued that clausal embedding as such
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was the crucial linguistic factor, which pertains to relative clauses (which are clausal modifiers of
noun phrases) and complement clauses (which embed under verbs such as think) alike. They also
discussed that this could be based on a specific element that all embedded clauses share: they not
only express full thoughts (which any clause as such encodes), but they also present a given object
of reference under a description or perspective of a person, which corresponds to the contents of
the embedded clauses and the thoughts encoded in them. This entails that one descriptions can be
switched for another, maintaining the referential content, without the same or another person
knowing the same object under both description. Thus, the man who stole the wallet may be the
same as the man who is my neighbour, yet this information is not necessarily transparent. This
aspect is shared by all clauses, whether relatives or complements, and it is arguably nothing other
than intensionality itself: believing that the Morning Star is bright is not necessarily to also believe
that the Evening Star is bright; for the same reason, the man who looked for the Morning Star need
not be replaceable by The man who looked for the Evening Star. This theoretical perspective not
only predicts the correlations already found between embedded clauses and FB, but it predicts
three-way correlations between these two and intensionality, inviting a study of these three in
conjunction.
On the other hand, evidence for correlations between relative clause comprehension and
FB has been less stable, just as in the case of a third type of embedded clause, namely clauses
embedded under ‘factive’ verbs such as sees that (Durrleman & Franck, 2015; Durrleman, Burnel
& Reboul, 2017). The latter differ from ‘non-factive’ clausal complements in that their
complements need not to be true if the sentence as a whole is to be true (e.g. John sees that the girl
is playing football). In comparison, evidence for correlations between complement clauses and FB
has been more robust. In short, there is a need to make finer distinctions among types of clausal
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embedding. Other evidence in the same direction is that 6-8 year olds’ performance on tasks
involving thinking about other people’s mental states significantly differs depending on whether
they have to think about what an agent ‘knew’, ‘said’, or ‘meant’ to do (Kamar & Olson, 2011).
In this study, a progressive difficulty showed across three age groups of 4-year olds, 6-year olds,
and 8-year olds, going from the ‘epistemic’ (‘know’) condition to the ‘quotational’ (‘said’) to the
‘intentional’ (‘meant to’).
A further verb that embeds clausal complements, but has barely even been studied
systematically in development, is the verb seems. It is of particular interest in the context of ASC,
since it encodes an appearance-reality distinction, which has not been much investigated in ASC
(but see Baron-Cohen, 1989), while not directly referencing any mental state. Saying The sea is
cold is not saying the same as The sea seems to be cold, and the latter is again different from saying
I think that the sea is cold. The first of these is apodictic, while the second allows for a gap between
appearance and reality to open (though if it did, appearances would be misleading). In the last case,
there is no problem for the utterance to be true even when the complement is not, and the thought
in question could have derived from a theoretical hypothesis.

Present study
Based on the above, the issue we sought to address in the present study, in the same sample, was
not merely whether language plays a role in mental state reasoning, but which specific construction
types do, and how these types, and standard FB and intensionality tasks, all relate to each other.
Our aims were to: (i) Expand the scope of investigations of metarepresentational capacities in
mental state reasoning from standard FB tasks to intensionality tasks, in both TD children and
those with ASC, (ii) Determine possible relations between metarepresentational tasks and
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language, and (iii) Differentiate between syntactic construction types that could play different roles
in these relations.
We chose to address these aims in children with ASC above the age of 6 years, where
difficulties with mental state reasoning often prevail, and to match the ASC and TD group on
VMA, so as to base between-group comparisons on comparable levels of language maturation in
both groups. We hypothesized that FB reasoning, clausal embedding, and intensionality are all
correlated in development, and that intensionality would cause extended difficulties in the ASC
group. Moreover, we expected that different syntactic construction types would cause a differential
performance profile within both groups and across groups. To explore these hypotheses, we
adapted the structure of the intensionality experiment of Rakoczy et al. (2015) to children with
ASC and sought to contextualize this design in a new experimental setting, where intensionality,
FB and clausal embedding could be tested together, with clausal embedding differentiated further
into different construction types. Based on prior evidence reviewed above and theoretical
considerations, we specifically distinguished, within the domain of clausal embedding, between
relative (i.e. adjunct) clauses and complement (i.e. argument) clauses, and within the latter between
factive embedding (sees that), appearance-reality (seems that), and non-factive embedding (says
that). We intentionally avoided verbs referencing mental states (e.g. thinks that) to isolate the
grammatical factor of clausal embedding as much as possible from the lexical factor of explicitly
referencing a mental state.

2. Methodology
2.1 Participants
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Twenty-five children diagnosed with ASC (mean age 9 years 3 months, range: 6 years 11 months
- 12 years 13 months) and 25 TD children (mean age: 9 years 1 month; range: 6 years 6 months13 years 9 months) participated in the study. All participants were Catalan-Spanish bilinguals and
were recruited from the provinces of Tarragona and Barcelona, where they attended schools with
Catalan as the primary language of instruction. ASC participants were recruited on the basis of
having an ASC diagnosis according to ICD-10 guidelines, scoring positive for ASC on the ADOS,
and not having a diagnosis or clinical indication of intellectual disability. All ASC participants
were passed the Wechsler Intelligence scale for children (WISC-V) to confirm absence of
intellectual disability. The two participant groups were matched on VMA as measured by the
Peabody Picture Vocabulary Test PPVT-III, a measure of receptive vocabulary in Spanish.
Independent t-tests showed that there were no significant differences between groups on either
VMA or chronological age (see Table 1).

Table 1. Participant demographics (age in years and SD)
ASC (n=25)

TD (n=25)

t

p

Verbal mental age (VMA)

9;3 (1.9)

9;4 (1.7)

-.295

.769

Chronological age (CA)

9;3 (1.6)

9;1 (1.4)

.312

.756

2.2 Procedure
The experiment took place over two sessions, each approximately 25 minutes in length. All tasks
formed part of both sessions and, for each individual participant, followed the same order of
presentation in both sessions. Task order was counterbalanced across participants. Tasks were
presented on a laptop in the form of PowerPoint slides, in Catalan. The experimenter began each
task by explaining that they were going to look at some stories together. After each scene (see
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individual task descriptions below) the participant was shown the test slide, in which three still
pictures appeared side by side. The participant was asked to point to the picture that corresponded
to the utterance they heard or answer the experimenter’s question. Positions of target pictures was
randomized across trials. Responses were registered in a score sheet by the experimenter. Neutral
positive feedback was provided to the participants.

2.3 Tasks
A series of picture selection tasks was newly created which assessed comprehension of complex
syntactic structures as well as mentalizing capabilities in a format maximally similar across tasks.
The metarepresentational tasks will be referred to, respectively, as ‘Sally-Anne’ and
‘Intensionality’, while the linguistic tasks were ‘Relatives’ and ‘Complements’ (meaning all
complement clauses), which were in turn subsumed under ‘Embedding’ (meaning all clausal
embedding). Within Complements, there were three sub-tasks: Says that, Sees that, and Seems
that. The tasks are detailed in what follows, with abstract schemata of task designs provided in
each case.

Sally-Anne
The experimenter narrated a short scene while clicking through still-image slides on a PowerPoint.
There were two sub-conditions, the False Belief (FB) condition and the True Belief (TB) condition.
The test question was the same for both FB and TB conditions: ‘Where will Anna look for the
object (e.g. the laptop)?’ The child had to select one of three possible containers placed on the
table: the backpack (original location), the briefcase (new location), or a box (distractor). There
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were a total of five scenes presented, with each scene presented in both the FB and TB conditions,
yielding a total of ten trials (five FB and five TB) (see Figure 1).

Figure 1: Design of Sally-Anne task.
Set-up
Anna places an object in a
container (orange box).

False belief (FB)
condition

Anna leaves the room.

True belief (TB)
condition

Anna remains in the room.

Paul changes the location of
the object to a new location
(green box).
Anna does not whiteness
change of location.

Anna witnesses change of location.

Anna returns to the room
Test slide

Target Answer: à FB condition: Orange box

Test Question: Where will Anna look for the object?
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TB condition: Green box

Intensionality
The participant was shown a physical object that could be conceived of in two ways, e.g. a frog
becoming a prince by being turned inside-out. The experimenter then said to the participant,
‘Look! Now it’s a frog and now [after turning it inside out] it’s a prince!’ Similar to the SallyAnne task, the experimenter then narrated a short scene while clicking through still-image slides
on a PowerPoint. There were two sub-conditions, ‘Intensionality’ (Int) and Extensionality (Ext),
which differed in the test question asked. In the test slide there were three possible locations, the
original location of the object, a distractor location and the final location of the object, which were
randomized across trials. Figure 2 below illustrates one such task design with control and test
questions. Control question 1 ensured that the participant knew whether or not the character knew
that the object had a dual nature. Control questions 2-3 were designed to ensure that the participant
correctly remembered the change of location of the object. Responses on the text question were
considered only if control questions 1-3 were answered correctly. There were a total of ten scenes,
none of which was repeated, yielding 10 trials in total (five Int and five Ext) (see Figure 2).
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Figure 2: Design of intensionality task.
Pre-task

The experimenter shows the participant the dual nature of the object (e.g. a frog-prince puppet) that will appear in
the following scene.
Task
Scene

Character

Experimenter

1. Laia sees the object under
Aspect A (frog) in first location
(orange box).

“Laia doesn’t know that
the frog is also a prince.”

2. Laia leaves the room. Then, the
object is turned inside out (now
Aspect B, a prince) and placed
back into its box (orange).

Control Question 1:
Does Laia know that the
frog is also a prince?

3. Laia re-enters the room.

4. Laia witnesses the object, under
aspect B (a prince), change
location (to green box).

Test slide
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(Target answer: No)

“Now we take the prince
and we put him in this
other box”

Control Question 2: Where was the toy in the beginning?
Control Question 3: Where is the toy now?

Target Answer:
Orange box
Green box

Test Question
Int condition: Where will Laia look for the frog (Aspect A)?
Ext condition: Where will Laia look for the prince (Aspect B)?

Orange box
Green box

Embedding
Relative clauses:
Participants were shown a picture where three people were engaged in an action (e.g. pushing each
other, hugging each other, sitting in a row, etc.). There was a total of five scenes (five different
actions) and five trials (see Figure 3).
Figure 3: Design of relative clause task
Scene

Test question

Form
“Show me the [BOY/GIRL] who [ACTION] the
[BOY/GIRL].”
Example
“Show me the boy who hugs the girl.”

Complements
Says that:
On the first slide, participants were first shown four protagonists who would appear in the
following scenes. On the following slide, they saw a picture of one of the protagonists engaged in
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an activity (e.g. playing with toy animals). However, as the picture was quite small, it was difficult
to see all the details of the scene. Looking at this slide, the experimenter asked the participant to
listen to what one of the characters (e.g. Laia) will say about it, and clicks on an audio embedded
in the slide. Together they heard Laia making a statement, such as ‘Pau is playing with his toy
animals’ or ‘Pau is cleaning his toy animals’. The experimenter then clicked on the next slide,
where the picture was now visible in full size. The experimenter said to the participant, either ‘But
look! He is actually cleaning his little animals’ or ‘Look, he is playing with his toy animals’. The
following slide was the test slide. Three pictures appeared side by side. Each picture included a
speaker (Laia or Pau) with a speech bubble, indicating what she or he had been saying. The scenes
in the speech bubble depicted either what the character had said (Pau is playing with his toys) or
what the character was actually doing (cleaning his toy animals). The third picture mistakenly
depicted Pau as the speaker. The test question in this example was: ‘Laia says that Pau plays with
his toy animals, show it to me’. Note that the only thing that mattered to succeed in this task was
to choose the picture in which the speech content was depicted to be what was actually said, not
what was actually the case. There were a total of ten scenes, which included both true and false
complements (corresponding to whether what was said accorded with reality or not). Every scene
was used only once, yielding ten trials (see Figure 4).

Figure 4: Design of ‘says that’ task.
Slide Scene Audio/spoken line
1

Unclear

N/A
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2

Unclear

3

Clear

4

5

Clear

N/A

Laia’s voice:

N/A

Experimenter
says:

Experimenter
says:

Test slide

Seems that and Sees that:
These tasks shared the same task set up and so will be here described jointly. In these tasks, the
participant was first shown a slide with two pictures side by side. In one of the pictures the
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protagonist, e.g. Laia was engaged in an activity (e.g. working on a laptop), while in the other
picture the scene was the same, however the protagonist was not in fact engaged in that activity
(e.g. the laptop was shown to be switched off). The experimenter pointed to the first saying ‘Look!
Here the girl is working on the computer’ and then to the next picture saying ‘…and here she isn’t
working’. In the following slide (the test slide) we see three pictures side by side. One picture
showed a witness (Paul) standing to the side of Laia, whose screen was turned off (Paul can see
that Laia is not working). In a second picture, Paul is standing next to Laia, whose screen is turned
on (Paul can see that Laia is working). In the last picture, Paul sees Laia who is sitting with her
laptop open but with the screen turned off, but cannot see that Laia isn’t working on her computer.
In the ‘seems that’ task, the test question was: ‘It seems to the boy that the girl is working
on the computer, show it to me’. Here the best-choice option is the third picture, where it appears
to the boy that she is working, though in fact she isn’t. There were a total of five trials, each
involving a different scene, which apart from working included the actions/properties: to be sitting,
to be tidy, to be tall, and to be sleeping.
In the ‘sees that’ task, the test question was: ‘The boy sees that the girl works on the
computer, show it to me’. Here the correct answer is the second picture above, were the boy can
see that the girl is working. There were a total of five trials (see Figure 5).

Figure 5. Design for Seems that and Sees that
Setting slide
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Form:
Example:

Here, the [protagonist] is [doing/being X].
“Here the girl is working on the computer.”

Here, the [protagonist] is not [doing/being X].
“Here the girl is not working on the computer”.

Test slide

A

B

Seems condition test question
Form: It seems to the boy (Witness) that the girl (Protagonist) is
doing/being X, show it to me.

C
Target Answer
C

Example: “It seems to the boy that the girl is working on the
computer, show it to me”.
Sees Condition test question
Form: The boy (Witness) sees that the girl (Protagonist) is
doing/being X, show it to me.

B

Example: “The boy sees that the girl is working on the computer, show
it to me”.

2.4 Analysis
All variables were normalized by the number of trials, rendering a percent correct. Between-group
analyses were conducted for the linguistic tasks (Embedding, with sub-conditions Relatives,
Complements, and, within Complements, Says that, Sees that, and Seems that); and the
metarepresentational tasks: Sally Anne (sub-conditions FB and TB) and Intensionality (with sub-
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conditions Int +Ext). Due to non-normal distributions of task performance among both participant
groups, Mann-Whitney U tests were used to compare performance across groups. Next, withingroup comparisons were performed using Wilcoxon sign rank tests between percentage correct in
linguistic and metarepresentational tasks to compare patterns of performance across tasks. Finally,
we ran correlations between performance on metarepresentational tasks and linguistic tasks as well
as VMA.
In order to control for multiple comparisons, Bonferroni correction was applied to both the
across-group comparisons (yielding a threshold of significance of p≥.007) and correlations
(yielding a threshold of significance of p≥.005).

3. Results

Between-group comparisons

One item was removed from the Sees that task and one from the TB condition of the Sally-Anne
task due to consistently low performance across participants and in relation to all other items of
the same condition. Reasons for low performance on this particular item were unclear.1 Descriptive
data including means, standard error and ranges are reported in Table 2, while group comparisons
are presented in Table 3 and Figure 6. Results show that the ASC group performed significantly
lower than the TD group in Embedding and Intensionality. Furthermore, within Embedding, the

1

Removing these items made no difference to the pattern of results, except that in the case of the Sees that item,
leaving this item in would result in a significant difference between Sees that and Says that in the ASC group, due to
the very poor performance on this item in this group, which was 20-40 percent below other items of the same task.
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ASC group had a significantly lower performance on Complement clauses and specifically on Says
that. Regarding sub-conditions of the metarepresentation tasks, although performance was
consistently lower in the ASC group in all variables, this difference reached significance after
correction only for the Extensionality sub-condition of Intensionality. ASC participants also had a
lower performance than TDs on Seems that (p=.016), as well as the SA task (p=.010) and its TB
sub-condition (p=.010), but these results did not withstand correction for multiple comparisons.

Table 2. Mean performance percent correct on all tasks by group.
ASC (n=25)

TD (n=25)

75%

88%

Relative clauses

89%

100%

Complement clauses

70%

83%

Says

90%

98%

Sees

89%

91%

Seems

41%

61%

Intensionality Task (Int + Ext)

60%

85%

Intensionality (Int)

64%

84%

Extensionality (Ext)

57%

86%

Sally-Anne Task (FB + TB)

71%

89%

False belief (FB)

70%

87%

True belief (TB)

73%

90%

Linguistic tasks
Embedding

Metarepresentational tasks
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Table 3. Non-parametric cross-group comparison (mean-rank and p-values
reported).
ASC
(n=25)

TD
(n=25)

U

z

p

17.98

33.02

500.5

3.659

<.001*

Relative clauses

24.5

26.5

337.5

1.429

.153

Complement
clauses

19.22

31.78

469

3.061

.002*

Says

20.52

30.48

437

2.883

.004*

Sees

25.12

25.88

322

.229

.819

Seems

20.64

30.36

434

2.41

.016

18.3

32.7

492.5

3.557

<.001*

Int

22.68

28.32

383

1.576

.115

Ext

20.32

30.68

442

2.717

.007*

20.54

30.46

436.5

2.563

.010

FB

23.08

27.92

373

1.421

.155

TB

21.12

29.88

422

2.523

.010

Linguistic tasks
Embedding

Metarepresentational
tasks
Intensionality (total)

Sally-Anne (total)

Figure 6. Between-group comparisons of linguistic tasks (Embedding, Relatives, and Complements)
(a), sub-conditions of Complements (Says, Sees, and Seems) (b), and metarepresentation tasks and
their sub-conditions (c).
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Within-group comparisons

Figure 7a shows performance across linguistic variables within each group, Figure 7B across
metarepresentational variables. Wilcoxon signed rank tests identified similar patterns of
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performance in both groups (see Table 4). Within both groups, there was a significant difference
between Seems that and all other linguistic sub-conditions (Relatives, Says that, Sees that). There
were no significant differences between the other linguistic variables in any pairwise comparisons
(Relatives, Says that, and Sees that) when controlling for multiple comparisons. Regarding the
metarepresentational tasks, there were no significant differences in either group between the subconditions of the Intensionality task (Int vs Ext) or the Sally-Anne task (FB vs TB). There was
also no significant difference between total performance on the Intensionality task or the SallyAnne task, after correction.
Figure 7a. Relative pattern of performance on linguistic tasks within both ASC and TD groups.
TD

ASC

1
0,9
0,8

mean

0,7
0,6
0,5
0,4
0,3
0,2
0,1
0
Relative Clauses

Says

Sees

Seems

Figure 7b. Relative pattern of performance on metarepresentational tasks within both ASC and
TD groups.
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ASC

TD

1
0,9
0,8
0,7
0,6
0,5
0,4
0,3
0,2
0,1
0
Intensionality
(total)

Int

Ext

Sally-Anne
(total)

False belief

True Belief

Table 4. Within-group pairwise comparisons between linguistic and
metarepresentational variables
Linguistic variables

ASC

TD

Rel

vs

Says that

.011

.046

Rel

vs

Sees that

.011

.016

Rel

vs

Seems that

<.001*

<.001*

Says that

vs

Sees that

.842

.02

Says that

vs

Seems that

<.001*

<.001*

Sees that

vs

Seems that

<.001*

.001*

Metarepresentational variables

ASC

TD

IT

vs

SA

.035

.477

Int

vs

Ext

.793

.783

FB

vs

TB

.721

.765

Correlations
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Where assumptions of an approximate linear relationship were met via visual inspection, Pearson
correlations were carried out. Due to the ceiling performance on relatives, correlations with this
variable were not viable. There was a three-way positive correlation between Sally-Anne,
Intensionality task (IT), and Complements, in the ASC group only (see Table 5).

Table 5. Correlations between linguistic and metarepresentational variables (two-tailed).
Sally-Anne
ASC (n=25)

Intensionality

TD (n=25)

ASC (n=25)

TD (n=25)

Intensionality

r= .688
p= .0001**

r= .326
p= .112

Embedding

r=.506
p=.01

r=.387
p=.056

r=.387
p=.056

r=.154
p=.463

Complements
(says+sees+seems)

r=.588
p=.002*

r=.387
p=.056

r=.639
p=.001*

r=.387
p=.056

Positive correlations were also identified in the ASC group between VMA and Embedded clauses
(r=.543; p=.005), complement clauses (r=.612, p=.001), and performance on Sally-Anne (r=.606
p=.001). In the same group, although there was a somewhat linear relationship between task
performance in the Intensionality (total) task and VMA, it did not reach significance (r=.47;
p=.018), once correcting for multiple comparisons. For the TD participants, there were no
significant correlations (between p=.066 and p=.106). Correlations between sub-conditions of
complement clauses were not assessed as the assumption for approximate linear relationships were
not satisfactorily met for either group.
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4. Discussion

We set out to (i) expand the scope of investigations of metarepresentational capacities in mental
state reasoning to intensionality tasks, (ii) to determine possible relations in cognitive development
between metarepresentational tasks and language, (iii) to differentiate syntactic construction types
that could play different roles in these relations, and (iv) to address these issues both in TD children
and children with ASC. Although children with ASC with a mean age of around 9 years (CA) had
a lower mean performance relative to their VMA and CA-matched TD controls on both
metarepresentational tasks (Intensionality and Sally-Anne), as well as on all of their respective
sub-conditions, between-group comparisons reached significance after correction only for the
intensionality task (both as a whole and for its Extensionality sub-condition). This suggests greater
sensitivity of this latter task domain for the difficulties that children with ASC maintain in
metarepresentational reasoning at this relatively advanced age and in the absence of intellectual
disability. Our study provides specific evidence that differences in metarepresentational capacities
between ASC and TD groups prevail, in the case of intensionality, even when they are
indistinguishable in both their VMA and CA. Even the TD children of this study with a mean age
of 9 years were, at 85.37% correct, not at ceiling on this task. That there was similar performance
on the two sub-conditions of this task (Intensionality and Extensionality) does not invite the idea
that a pragmatic confound obscures an underlying competence in this case, of the kind that may
well cause surprising performance problems in ‘true belief’ analogous of Sally-Anne type tasks
(see Oktay-Gür & Rakoczy, 2017).
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Correlational results confirmed previous evidence that belief reasoning of the classical
Sally-Anne type relates to maturity in handling specific syntactic construction types (in the ASC
group only, on which see further below). A novel finding of the present study is that, beyond belief
reasoning of the Sally-Anne type, this connection between complex syntax and metarepresentation
extends to intensionality. In both of the cases of Sally-Anne and Intensionality, moreover, relations
to syntax showed sensitivity to the type of syntactic complexity involved, with strong correlations
emerging with complements but not relatives, which were at ceiling in both of our groups.
Within the domain of clausal complements, the need to distinguish between specific
syntactic construction types was also reinforced by this study. Not only did a clear and consistent
ordering in the linguistic sub-conditions emerge within both groups, with Seems that being the
most difficult and Relatives the easiest, but the between-group comparisons of linguistic subconditions showed that significant group differences emerged with Says that, while there were no
group differences in Sees that, and Seems that approached significance (p=.016). This pattern is
likely due to an intrinsic difference between these construction types: Says that is ‘non-factive’ in
nature, allowing for its complement to be false even when the whole sentence is true, while Sees
that is factive, requiring its complement to be true if the sentence as a whole is to be true (Sheehan
& Hinzen, 2011). Finally, Seems that is intermediate, allowing for a gap between appearance and
reality to open, while still not allowing it to be too wide. Thus, as noted in the introduction, it can
seem to John that a girl is reading, when in fact we know she is playing on her mobile phone, but
it is felicitous to comment It seems that the girl is reading only when there is pertinent (even if
faulty) perceptual evidence that she is. By contrast, John says/thinks the girl is reading can be true
for all sorts of reasons, irrespective of what he happens to be seeing. In this way, different syntactic
types of embedding mirror different ways of relating mental contents to reality. What makes Says
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and Seems similar is the element of possible counterfactuality, which is missing to the same degree
or qualitatively different in Sees.
Three-way correlations that we found in the ASC group only, between Sally-Anne type
belief reasoning, intensionality, and syntax, raise two further questions: (i) why these relations
obtain in the ASC group only, and (ii) why they obtain at all. One possible view is that ToM and
language are independent capacities in terms of their cognitive substrates and underlying
mechanisms, yet the latter is a tool (possibly among others) that can enhance the former. Put
differently, language can act as a temporary ‘crutch’ assisting in FB reasoning (of the ‘explicit’
variety), though the latter eventually becomes independent of the former once children reach a
relevant maturational age. This view makes the prediction that the link with language would
specifically show at a period in development when FB reasoning is still more fragile and more
reliant on this tool, or in populations with specific difficulties in this realm, while it may not be
detectable at another point when such reasoning is more solidly in place (see specifically
Durrleman et al., 2016, pp. 110, 118-19; also Farrar et al., 2017, p. 62). In favour of this view,
there are many studies reporting that whenever there is difficulty with metarepresentation (e.g.
immature systems, clinical populations, etc.), language and specifically Complements continue to
be closely related to FB (see work on ASD by Tager-Flusberg & Joseph, 2005; Durrleman &
Franck 2015; Durrleman et al. 2016; Durrleman, Hinzen & Franck, 2018; Farrar et al., 2017; Lind
& Bowler, 2009; Happé, 1995, as well as work on young TD children, e.g. de Villiers & Pyers,
2002; Hale & Tager-Flusberg, 2003; Astington & Jenkins, 1999). By contrast, recent studies on
the relation between FB and language in adults, for instance, have not shown a systematic link
(Forgeot d’Arc & Ramus, 2011; Duncan & Saxe, 2011). This view would also account for the
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finding in the current study that the TD children in our study, at their relatively advanced age, do
not show this link, while the ASD peers do.
On another possible view, the link between FB reasoning and syntax is stronger: they share
a cognitive substrate. On this view, structure-building in language – specifically embedding one
clausal configuration in another – corresponds to a cognitive mechanism that is also involved in
forming mental representations of other people’s mental states (Hinzen & Sheehan, 2015; Hinzen,
2017). On this view, ToM and language could overlap in terms of the cognitive mechanisms
involved, which would generate the relevant mental representations, thus again explaining the
boosting effect noted in both early neurotypical development and clinical populations. This view
has the conceptual advantage that reasoning about mental states requires computational
mechanisms and structures that these mechanisms compute, with the specific contents needed
(corresponding to thoughts about thoughts). Postulating a special non-verbal ToM module in
which this happens is not to specify a mechanism that generates these structures. The conceptual
advantage favouring the second view, thus, is that, on this view, the mechanism comes for free,
from language. Generating a metarepresentation is to generate a sentential configuration in which
one clause hierarchically embeds another. It is, moreover, conceivable that, in populations that
have reached a sufficient level of language, the boosting effect of language on belief reasoning
would not be noticeable anymore. This would provide an explanation of why the TD individuals
of this study, who in fact were at ceiling at the Says that task, did not show a correlation between
Complements and Sally-Anne (though it still approximated significance at p=.056). Resolving the
dichotomy between these two possible views and determining the exact cognitive role of language
and syntactic complementation in ToM is an important matter for future research. The neural basis
of embedded clause processing and ToM could particularly illuminate this question. The two views
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are also not necessarily incompatible, since they partially answer two different questions: (i)
whether language can act as a crutch to FB reasoning, and (ii) what the cognitive mechanism in
question is, at a structural level.
This leaves the final question of why there is a three-way correlation (in the ASD group),
which includes intensionality beyond language and ToM, in the first place. We note in this respect
that it so happens in language that, whenever a clause is embedded in another as an argument
(forming a complement of a non-factive verb), it is interpreted intensionally in relation to the
former, i.e. not as referring to a fact in the world (i.e. representationally) but to a mental state
referred to by the embedding verb (meta-representationally). This naturally explains why
correlations between embedded clause syntax and FB reasoning extend to intensionality; and why
it is non-factive and not factive embedding verbs which distinguish a group known for its residual
metarepresentational difficulties: although factive embedding verbs are not totally free of
intensionality, they exhibit this phenomenon to a lesser extent (see e.g. Sheehan & Hinzen, 2011).
In fact, it seems likely that the intensionality found in clausal complements is but an
instance of the inherent intensionality of reference in language, found in nominal and verbal
phrases alike. The essential feature of dual-description intensionality tasks is co-referentiality
under non-equivalent descriptions. As noted in the introduction, reference under descriptions is
effectively how referencing in language, by its nature, works: in the Noun Phrase the man, [man]
is providing a description, which as such can apply to a potentially infinite set of possible referents
(i.e. men). But as embedded under the definite determiner (e.g. [the [man]]), as uttered on an
occasion, a referential expression is generated that functions so as to pick out a specific man –
who, once picked out, can then be referred to under an infinity of other descriptions as well, such
as [my [neighbour]] or [the [guy who stole my wallet]]. The architecture of reference in grammar,
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in short, is such that a lexical NP encoding a description joins with a functional edge encoding a
specific form of reference, within a single bipartite nominal referential template. This mechanism
predicts intensionality in forms of reference to occur, since different forms of reference to the same
individual object amount to replacing the lexical interior in this template for another, without this
implying any change in the reference, which is regulated at the level of the whole template, not its
lexical interior, and can be tracked despite of changing descriptions given to them on different
occasions and in different states of information. Since referential NPs reflect the perspective or
description of a given agent, whether these NPs are used outside of contexts of clausal embedding
or inside, it seems unsurprising that dual-identity object-reference tasks and Complement tasks
should correlate: they involve the same feature, intensionality, at different levels.
In sum, this study has shown that difficulties with metarepresentation in classical SallyAnne type ToM tasks extend to intensionality tasks, and that both relate to language at a
grammatical level in ASC. This has clinical implications for the identification and treatment of
difficulties with language in ASC, as they play a role in difficulties pervasive in ASC, such as
ToM, but also metarepresentational cognition more broadly. In training interventions, attention
needs to be devoted not merely to syntactic aspects but more specifically to differences in syntactic
construction types, which manipulate different aspects of meaning, such as factive non-factive
embedding, or the appearance-reality distinction.
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