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THEORETICAL NOTE

The Theory of Mind Hypothesis of Autism:
A Critical Evaluation of the Status Quo

Emily L. Long1, Caroline Catmur2, and Geoffrey Bird1, 3
1 Department of Experimental Psychology, University of Oxford

2 Department of Psychology, King’s College London
3 Centre for Research in Autism and Education, Institute of Education, University College London

The theory of mind (ToM) hypothesis of autism is the idea that difficulties inferring the mental states of
others may explain social communication difficulties in autism. In the present article, we critically evaluate
existing theoretical accounts, concluding that none provides a sufficient explanation of ToM in autism. We
then evaluate existing tests of ToM, identifying problems that limit the validity of the conclusions that may
be drawn from them. Finally, as an example of how the identified issues may be resolved, we describe work
developing a psychological account of ToM (the Mind-space framework) and a new test of ToM accuracy
(the Interview Task).
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The theory of mind (ToM) hypothesis of autism is perhaps the
most influential and long-standing cognitive theory attempting
to explain the features of autism spectrum disorder (henceforth
“autism”). Various iterations of this hypothesis posit that a specific
cognitive deficit in ToM characterizes autism and that many
autistic symptoms can be attributed to this deficit (Frith et al., 1991;
Leslie & Frith, 1987). ToM has been classically defined as the
ability to represent the mental states of oneself and others (Premack&
Woodruff, 1978), and much existing work has concluded that there
are clear differences in this ability in autistic individuals relative to
neurotypical individuals (Baron-Cohen et al., 1985; Dziobek et al.,
2006; F. G. Happé, 1994; for meta-analyses, see, e.g., Gao et al.,
2023; Yirmiya et al., 1998).
The longevity and widespread acceptance of the ToM hypothesis

is largely explained by the success it is thought to have in explaining
the difficulties with social communication and social interaction
seen in autism. For example, there is a substantial body of evidence
suggesting impairments in autistic individuals’ understanding of
pragmatic language and sarcasm, as well as in their recognition of
social faux pas (Baron-Cohen et al., 1999; Frith et al., 1994; Reindal

et al., 2023; Thiébaut et al., 2016), which may be explained by
differences in ToM ability.When a person’s utterance is ambiguous, as
in the case of sarcasm and some aspects of pragmatic language (e.g.,
metaphor), it may be best understood by appealing to their mental state.
For example, if a friend exclaims “Oh, great!” after dropping a plate of
food, a correct understanding of this utterance cannot be reached solely
by processing the verbal content (which would lead one to believe that
the friend considers dropping the food to be a positive event). Instead,
one may correctly interpret the sarcasm by inferring that the friend
believes dropping the food to be bad and that therefore they intend
to communicate their frustration, rather than their pleasure, at this
happening. In this case, an inability to represent (or accurately infer) a
conversation partner’s mental states would lead to a disadvantage in
understanding their utterance and thus in responding appropriately.
Indeed, there is a substantial body of work claiming a link between
ToM and both social functioning and pragmatic language understand-
ing in individuals with and without autism (Andrés-Roqueta &Katsos,
2017; Bosco et al., 2018; Peterson et al., 2016; Tager-Flusberg, 2003).

However, if one wishes to understand autistic cognition or to
develop effective interventions to support autistic individuals, it
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would be valuable for ToM differences in autism not only to explain
social communication difficulties in autism but to themselves be
explained. To achieve this, one needs a psychological model of the
processes underlying ToM, specific hypotheses about how they may
differ in autism, and valid and reliable measures for testing these
hypotheses. In this article, we critically evaluate the extent to which
existing work on the ToM hypothesis of autism might be said to
meet these criteria.
We begin by describing two key conceptual challenges that arise in

this area, highlighting the need to clearly define ToM ability before
developing cognitive theories of ToM in autism. Then, we trace the
development of psychological theory from the original proposal of the
ToM hypothesis to the present day, concluding that no proposal
offered thus far provides a sufficient explanation of hypothesized ToM
difficulties in autism. We close our assessment of the status quo by
evaluating existing tests of ToM ability, identifying limitations that
may mean that existing tests are unable to test any psychological
model or even conclusively support the notion that autistic individuals
truly show deficits in ToM relative to neurotypical individuals. Finally,
we describe our own attempts to resolve the identified issues as one
example of how the ToM hypothesis may be reconceptualized.

Defining the Conceptual Space of ToM in Autism

In this section, we outline how the lack of shared understanding in
two key aspects of the definition of ToM contributes to difficulties in
adequately specifying psychological models of ToM in autism.

Specifically, we explore the definition of a “mental state” and
consider whether ToM might be better conceived as a process of
inference, not (only) of representation. By evaluating these issues,
we begin to examine what may be required of a model of ToM in
autism. Several of the concepts we discuss throughout this section
are summarized in Table 1.

Defining a “Mental State”

Mental states are classically defined as propositional attitudes
(Leslie, 1987; Premack &Woodruff, 1978). A propositional attitude
is an agent’s mental relationship to a specific proposition, where a
proposition is considered a declarative statement about the world.
For example, “the sky is blue” is a proposition about the color of the
sky, which may or may not be true in the real world. Agents may
have different attitudes to the truth of different propositions (e.g.,
one might believe that the sky is blue butwish that the sky is pink) or
even have multiple attitudes toward the truth of the same proposition
(e.g., one might intend that they appear friendly but concurrently
disbelieve that they appear friendly). Similarly, different agents may
have different propositional attitudes: One member of a household
might believe that the chocolate is in the cupboard, but their
housemate might not believe that to be true because they instead
believe that the chocolate is in the fridge. Thus, a proposition is a
statement about the physical state of the world (which may or may
not be true), while a propositional attitude is a statement about a
mental attitude toward a proposition, not about the physical state of

Table 1
Summaries of Key Concepts

Concept Summary

Theory of mind (ToM) ToM is classically defined as the ability to attribute mental states to self and others to explain and predict behavior
(Premack & Woodruff, 1978). In practice, however, many tests assume that the capacity for mental state representation is
present in all participants and instead test the accuracy (or typicality) of mental state inferences (Conway & Bird, 2018;
Pisani et al., 2021). ToM may therefore be better defined as the inference of mental states, which entails the ability to
represent such states. Levels of ToM ability, then, may be considered as the accuracy of such inferences or the
propensity to make them.

Mental state A mental state is defined as a propositional attitude (Leslie, 1987; Premack & Woodruff, 1978). However, many tests of
ToM include emotional states, or states of mind (e.g., tiredness, drunkenness) as mental states. It is not clear that the
psychological requirements for inferring propositional attitudes, emotional states, and states of mind are the same, and so
a clear and precise definition of what constitutes a mental state is required when considering ToM in autism. Here,
however, we follow the classical definition, considering mental states solely as propositional attitudes.

Propositional attitude A proposition is a statement that can be true or false. For example, “the sky is blue,” “Lucy has a chocolate bar,” or “I will
make a good impression in the interview.” A propositional attitude, then, is an agent’s attitude to the truth of a particular
proposition, and these attitudes are typically beliefs, desires, or intentions. For example, “Sarah believes that the sky is
blue,” “Lucy wishes that she has a chocolate bar,” and “I intend that I will make a good impression in the interview.”

Theory of mind hypothesis The theory of mind hypothesis of autism is the suggestion that difficulties in understanding mental states (particularly the
mental states of other agents) explain many of the social communication difficulties observed in autism (Frith et al., 1991).

Representation Some theories seeking to explain the ToM hypothesis of autism, most prominently the theory of mind module account,
suggest that autistic individuals are unable to represent mental states. An inability to represent mental states would be an
inability to hold in mind, in any form, a propositional attitude with the realization that propositional attitudes can be
decoupled from reality. The capacity to represent is all-or-none (one either can hold something in mind in this form or
they cannot), and therefore these theories necessarily suggest that autistic individuals are incapable of performing ToM
in any form. If this is the case, autistic individuals should perform at chance levels at any true ToM test that cannot be
performed through other means (i.e., without appealing to mental states).

Inference Although many accounts define ToM only as the capacity to represent mental states, its original definition suggested that a
process of inference is required for representation to occur (Premack & Woodruff, 1978), and the majority of ToM tests
assume that all participants can represent mental states. Instead, tests focus on the inference of mental states: the process
of making use of available information to determine the most likely content of a propositional attitude. The results of
these tests suggest that differences in ToM in autism do not constitute an inability to represent mental states but instead
indicate differences in the process of inferring another’s mental state.
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the world. A propositional attitude can therefore be described as
“decoupled” from physical reality—its validity cannot be deter-
mined by reference to the physical world.
Mental states, as defined above, are distinct from, but sometimes

related to, other types of mental events such as emotions. For example,
the process of evaluating whether someone desired a particular item
might be easier if one can interpret their emotional expression upon
receiving it. Similarly, the process of inferring whether an individual
holds a correct belief about the location of an item might involve
tracking their visual perspective to understand what information is
available to them. The processing of (some of) these related mental
events, aswell as other states that themindmay occupy (e.g., tiredness,
thoughtfulness, or drunkenness), is sometimes considered to constitute
ToM (Baron-Cohen et al., 2001; Dziobek et al., 2006; Samson et al.,
2010; Saxe &Houlihan, 2017; Senju, 2012; Tamir & Thornton, 2018)
and sometimes not (Leslie & Frith, 1988; Oakley et al., 2016). It seems
that there is little shared understanding about what a “mental state” is
and therefore, in turn, about what it means to “represent a mental state”
and thus to perform ToM.
It is not the case that the classical definition of a mental state is

inherently correct: If evidence suggested that precisely the same
psychological processes underpin the understanding of proposi-
tional attitudes as the understanding of emotional states, then the
distinction between these two constructs might be arbitrary and
ultimately irrelevant to psychological modeling of these processes.
However, if it is not believed (and explicitly stated) that
propositional attitude inference and emotional state inference are
identical processes, it would be inappropriate to test a theory that
purports to explain the inference of propositional attitudes using a
test of emotional inference. We will explore, in our evaluation of
existing tests of ToM, inconsistencies between the understanding
of ToM in psychological theory and its operationalization in
testing, but it should be noted here that such issues can only be
avoided through both careful test design and the development of
well-specified theory.
For the remainder of this article, we use the term “mental states”

to refer specifically to propositional attitudes.

An Ability “to Represent” or an Ability “to Infer”

ToM is frequently defined as the ability to represent the mental
states of oneself and others, following Premack and Woodruff
(1978). Premack and Woodruff sought to test whether chimpanzees
could represent mental states as belonging to themselves and to
others but also recognized that, because mental states are not directly
observable, such states need to be inferred based on observable cues.
Both representation (holding mental states in mind as propositional
attitudes and thus decoupled from physical reality) and inference
(determining the content of the mental state) are necessary parts of
ToM: The representation of a mental state as belonging to an agent
may only be beneficial for social interaction if the agent truly holds
that mental state. Any theory of ToM in autism should specify which
of these abilities is thought to differ between autistic and neurotypical
individuals because the implications of a representational impairment
differ substantially to the implications of an inferential impairment.
The capacity to represent mental states/propositional attitudes is

necessarily binary. One either has the capability to hold propositions
in a form decoupled from reality or one does not. One individual
may be slower to realize that mental state representation is necessary

than another or have a smaller working memory and so can hold
fewer mental states in mind at any given moment (or less complex
propositional content), but if representing mental states means the
ability to hold mental states in mind as propositional attitudes with
the potential for their propositional content to be decoupled from
physical reality, then these are not differences in the ability to
represent mental states. To be clear, it is obviously the case that
some propositions are harder to represent than others—“A > B, C >
D, C > A, but B is > D” is harder to represent than “A > B.”
However, if I add “Sarah believes …” before each of these
propositions, the difference in ease between representing each as a
proposition and as a propositional attitude does not vary between
them. One either understands that propositional attitudes are
decoupled from reality or one does not.

Given this, it is not clear how, if ToM is defined solely as the
ability to represent mental states, some mental states (and therefore
some tests) could be more difficult than others in terms of mental
state representation. Instead, differences in performance between
different tests of mental state representation may be better explained
by the demands they place on other abilities, such as language or
working memory (Arslan et al., 2017; Filip et al., 2023; Hale &
Tager-Flusberg, 2003), or by the conceptual knowledge they
require, for example, what must be known about minds (Conway &
Bird, 2018), rather than by the difficulty of the necessary mental
state representations. In other words, the difference in the difficulty
associated with representation of certain mental states is associated
with the content of the proposition, not with representing that
proposition as a mental state. Because of this, the reliable success of
some autistic participants across tests of mental state representation
(Frith et al., 1994; Gernsbacher & Yergeau, 2019; F. G. Happé,
1994) is problematic for accounts that hypothesize impaired mental
state representation in autism, regardless of whether this evidence is
found in every test or every autistic individual. We will return to
this notion when evaluating existing theoretical accounts of ToM
in autism.

As already noted, another necessary component of ToM is the
ability to infer mental states, to make use of the information available
to hypothesize about the content of an agent’s mental state. Mental
state inference could be considered as akin to physical inference, in
which information is gathered and combined to understand the
physical structure of the world and the forces within it in a manner that
facilitates predictions about causal events (Fischer et al., 2016). As in
physical inference, mental state inferences can vary in difficulty, and
individuals can vary in their ability to make inferences.

The difficulty of an inference might vary due to the amount of
information present in the environment (e.g., the visibility of part of
a physical scene or the detail with which a person describes their
situation) or the amount of prior knowledge one possesses (e.g., the
novelty of a certain material or our familiarity with the person whose
mental state is being inferred). Additionally, inferences might be
more difficult if they require consideration of a greater number of
variables and cannot be simplified by reliance upon a limited subset
of diagnostic variables. For example, the trajectory of a ball may be
harder to infer when it is colliding with another moving object than
when it is colliding with a simple barrier. Similarly, predicting one
agent’s belief about another’s intentions may be difficult because
the belief is a product of both agents’ minds (i.e., of the latter’s
intentions and the former’s interpretation of them) but may be easier
if the inference can be based on a reduced set of highly diagnostic
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information (e.g., if the intention being inferred is the intention to
run away from a chasing bear).
Differences may not only appear in the difficulty of inference

problems but also in individual inference ability. Different individuals
might vary in the accuracy of their inferences (e.g., how accurately
one can predict where a ball will come to rest or the extent of a
person’s intention to offend with an ambiguous remark) or their
propensity to make them (i.e., whether they routinely consider the
trajectories of objects or people’s intentions), but they are unlikely to
vary in their ability to represent physical or mental states (i.e., whether
they could conceive of a possible trajectory of the ball or the possible
extent of the person’s desire to offend).
To further illustrate, consider the design of functional magnetic

resonance imaging (fMRI) studies attempting to identify the neural
correlates of ToM. These studies often contrast an experimental
condition requiring representation of mental states with a control
condition, which requires representation of a nonmentalistic property
(see, e.g., Saxe & Kanwisher, 2003). In such studies, provided the
control condition was matched in all other features, any neural activity
unique to the experimental conditionwould relate to the representation
of mental states. However, any individual demonstrating this unique
blood oxygenation level-dependent (BOLD) response may be
completely incapable of making accurate mental state inferences
despite being able to representmental states.When asked to infer what
someone intends, believes, or knows, they may consistently give the
wrong answer, yet they have a full understanding of what it means to
intend, believe, or know and the ability to represent mental states using
unique neural (and possibly psychological) systems. Differences in
the BOLD response itself could be indicative of differences in the
representation of mental states, although, in practice, fMRI data are
difficult to interpret in the context of ToM in autism, a problem to
which we will return when examining existing tests.
By contrast, behavioral tests of ToM often purport to measure the

accuracy of ToM inferences, a claim which we will evaluate later,
but it should be noted here that although individual incorrect answers
in these tests are ambiguous in terms of whether they indicate a
deficit of representation or of inference, anything other than chance
performance indicates preserved representational ability. This is
because, given that representation is all or nothing, an individual with a
deficit in representation could not interpret any behavior in terms of
mental states or even truly understand the mental states detailed in the
possible answers of multiple-choice tests. As such, they would be
expected to respond randomly, performing at chance accuracy, if the
test is sufficiently rigorous such that it cannot be passed using
nonmentalistic means.
However, both neurotypical and autistic individuals consistently

perform at above chance levels in tests of ToM accuracy (Dziobek et
al., 2006; F. G. Happé, 1994; S. White et al., 2009), and indeed
“advanced” tests were developed to resolve concerns that binary,
all-or-nothing tests (i.e., tests of representation) could not detect
group differences in ToM (Baron-Cohen, 1989; Frith et al., 1991;
F. G. Happé, 1994). This suggests that errors in ToM tasks are typically
errors of inference: Individuals get the answer wrong because, even
though they are perfectly capable of representing mental states, they
have attributed the wrong mental state to the agent. An account that
argues that autism involves an inability to represent mental states, then,
does not align with existing evidence, and a satisfactory cognitive
account of the ToM hypothesis may therefore require consideration of
the process of inference.

What Is Required of a Theoretical Model of ToM in
Autism?

In this section, we have outlined two key conceptual issues in the
understanding of ToM: We have highlighted the lack of agreement
between ToM researchers regarding what exactly constitutes a
mental state and demonstrated that the common definition of ToM as
“the ability to represent mental states” does not provide a complete
description of the processes required for mental state understanding.
As we have noted, the notion of ToM as representation alone is not
in line either with existing evidence, which indicates that the ability
to represent mental states is (near) universal in human adults with
sufficient intelligence, or with currently used tests (which were
developed to increase the sensitivity and rigor of ToMmeasurement).

Consideration of these issues provides some insights into what
might be expected of a satisfactory theoretical model of ToM in
autism. Specifically, these lines of thinking suggest that a satisfactory
model of ToM, one that can truly be said to explain group differences,
is likely to offer suggestions as to how information might be processed
in the inference of propositional attitudes (or some other clearly
specified set of mental events) and how the operation of the necessary
processes might differ in ways that result in atypical ToM.

Existing Theoretical Proposals Are Insufficient
Explanations of ToM in Autism

Having outlined conceptual considerations to be made when
specifying a model of ToM, we will now evaluate existing
proposals, considering whether they provide sufficient explanations
of ToM differences in autism, as well as their compatibility with
existing empirical evidence. To do so, we will trace the development
of psychological theorizing about the ToM hypothesis of autism
from its original proposal, as in the theory of mind mechanism or
module (ToMM) account (Frith et al., 1991; Leslie, 1987; Leslie &
Frith, 1987), to the present day. As shown in Figure 1, theoretical
developments have occurred along two primary paths. Along the
first, theories increasingly tolerate the (ostensible) existence of (some)
ToM ability in autism. Along the second, theories increasingly argue
that ToM impairments in autism arise from domain-specific
processing deficits.

Classical Theory: The ToMM

Traditionally, it has been suggested that ToM is subserved by an
innate neural mechanism, the ToMM (Leslie & Frith, 1987, 1990;
Leslie & Thaiss, 1992). This mechanism allows an individual to
understand and predict the behavior of a conspecific by representing
their mental states, here defined as propositional attitudes. Importantly,
the ToMM was said to be responsible for processing all metarepre-
sentations (Leslie, 1994), not solely others’ mental states.

In this body of literature (Leslie & Frith, 1987, 1990; Leslie &
Thaiss, 1992), a metarepresentation is defined in terms of what the
(meta-)represented proposition entails about the real world. According
to Leslie (1987), whereas a primary representation is “transparent,”
meaning that the proposition it contains is considered to be a true
representation of some aspect of the world, a metarepresentation is
“opaque,” meaning that its propositional content does not suggest
anything about the real world. For example, the primary representation
“the sky is blue” implies that the sky truly is blue. By contrast, the
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metarepresentation “Sally believes that the sky is blue” only entails that
this is Sally’s belief and thus leaves the possibility that the proposition
“the sky is blue” is false. As such, holding the lower order proposition
within the higher order metarepresentational context means that the
representation no longer implies that the sky is blue.
Representing and processing a metarepresentation is said to

require processing the opacity of the representation, i.e., that it does
not entail that its propositional content is true (“decoupling”; Leslie,
1987). It should be noted that by defining metarepresentation in this
manner, the ToMM account may be open to claims of circularity. To
hold ametarepresentation (i.e., to hold a representation in a form that
allows decoupling), the neurocognitive system (and subsequently
the conscious human) must recognize that the proposition should
be held in the metarepresentational context (i.e., that it may need
decoupling). Problematically, this process of recognition itself requires
that the proposition not be taken to entail facts about theworld and thus
itself requires metarepresentation.
Frith et al. (1991) argued that heterogeneous presentations of

autism are characterized by a common cognitive deficit: an inability
to form metarepresentations, arising from some dysfunction in the
necessary psychological machinery (the ToMM). As propositional
attitudes (i.e., mental states) are metarepresentational, this dysfunc-
tion is said to cause ToM deficits in autism (Leslie & Frith, 1987,
1990; Leslie & Thaiss, 1992). Specifically, Leslie (1987) argued that

an individual cannot gain an understanding of mental state concepts
(necessary for ToM)without the capacity to holdmetarepresentations,
which itself requires the ability to decouple their propositional
content. Therefore, the ToMM account suggests that autistic
individuals cannot develop mental state concepts (i.e., informa-
tional relations such as “believe” or “desire”) due to an impairment
in representing propositional content that is decoupled from the
real world (Leslie & Thaiss, 1992). Ultimately, the ToMM account
suggested that ToMdifferences in autism arise from a representational
deficit and therefore made the testable claim that autism should
be characterized by an inability to represent mental states (Baron-
Cohen, 1990).

Development Route 1: Explaining the Apparent
Nonuniversality of ToM Deficits in Autism

Since the proposal of the ToMMaccount, much theorizing around
the ToM hypothesis of autism has centered on explaining evidence
that the vast majority of autistic adults, and many autistic children,
are able to pass tasks that require mental state representation (Baron-
Cohen, 1989; Baron-Cohen et al., 1985; F. G. Happé, 1995). This
evidence has led some to reject the notion that autism is characterized
by an inability to represent mental states (Gernsbacher & Yergeau,
2019) but has led others to propose explanations of these data within

Figure 1
A Diagram Summarizing the Development of Existing Theoretical Proposals Explaining the ToM Hypothesis

Note. ToM = theory of mind.

THE THEORY OF MIND HYPOTHESIS OF AUTISM 5



the context of the ToMMaccount (Frith et al., 1991, 1994) and yet led
others to develop new theories regarding the nature of the proposed
ToM deficit in autism (Senju, 2012). Here, we explain the challenge
posed to the ToMMaccount by evidence thatmany autistic individuals
can pass false belief tasks and other tests of ToMand critically evaluate
several attempts to account for this challenge.

The Challenge: Most Autistic Adults, and Many Autistic
Children, Pass Tasks Requiring ToM

Initial evidence for the ToMM account was provided by false
belief tasks, which are described in detail in Table 2. False belief
tests require individuals (usually children) to attribute a belief to a
character, despite themselves knowing that the belief is false. When
the Sally–Anne task, a classic false belief test, was given to typically
developing children, children with Down’s syndrome, and autistic
children, a high proportion of the former two groups passed (85%
and 86% respectively), despite the intellectual impairments associated
with Down’s syndrome. By contrast, only 20% of the autistic children
passed (Baron-Cohen et al., 1985).
The logic behind this form of test suggested that it should not be

possible to attribute a false belief to an agent without being able to
represent another’s mental state as distinct from both reality and
one’s own mental state (Wimmer & Perner, 1983). Notably, then, it
should not be possible to pass the false belief task without the ability to
decouple propositions embedded within metarepresentations, raising
the question of how, if the ToMM account is correct, 20% of autistic
children could pass the task. The importance of the 20% of autistic
“passers” was noted at the time, and it was argued by some that the
data suggested a developmental delay in the (eventually intact) ToMM
in autism (Baron-Cohen, 1989). However, no explanation was offered
as to why this delay would impair further development and thus be
responsible for social communication difficulties beyond the age at
which the impairment is observed.
While 20% of autistic passers is explicable on a single, simple

false belief test where chance performance is 50%, in the intervening
years, some autistic individuals have been shown to pass (or perform
above chance in) all forms of ToM test (see Gernsbacher &Yergeau,
2019, for review). Given that false belief tasks are thought to be
highly conservative tests of the ability to represent the mental states
of others, these data suggest that, following an initial delay (F. G.
Happé, 1995), any difference in ToM in autism is unlikely to be
a problem of representation. Therefore, the fact that most autistic
adults (and a sizable proportion of autistic children) appear to be able
to represent mental states poses a significant problem for the ToMM
account, which proposed that a dysfunctional ToMM (and thus an
inability to hold metarepresentations) forms the common cognitive
explanation of autism across all individuals (Frith et al., 1991).

Proposal 1: ToMM Development Occurs Normally in a
Subgroup of Autistic Individuals

Some theorists have responded to data suggesting preserved ToM
capacity in autism by suggesting that subgroups of autistic individuals
show distinct cognitive differences, each resulting in specific
behavioral presentations (Goodman, 1989; F. Happé et al., 2006).
For example, a dysfunctional ToMMmight only be present in autistic
individuals who experience more pronounced social communication
difficulties, while symptoms of autism that are less social in nature,

such as restrictive and repetitive behaviors, might be better explained
by considering executive dysfunction or weak central coherence (F.
Happé & Frith, 2006; Lopez et al., 2005). If this is the case, then the
lack of universality does not pose a significant problem for the notion
that dysfunction in the ToMMexplains autism in at least one subgroup
of individuals.

However, if it is acknowledged that only some autistic individuals
have problems with representing mental states, then the ToMM
account ceases to provide a cognitive theory of autism but rather
becomes a description of a cognitive impairment seen in some
individuals with autism that produces some of their symptoms.
Although this limits the scope of what the ToMM account might
explain, it is possible that some autistic individuals do have a
primary deficit in processing metarepresentations that cause their
behavioral symptoms. Such individuals would be expected to fail
false belief tasks but perform well on carefully matched control
tasks, which do not involve metarepresentation. To our knowledge,
no evidence of this exists (i.e., evidence of individuals failing a suite
of false belief tests while passing carefully matched control tasks).
Additionally, the notion of subgroups cannot explain why some
individuals perform well in some tasks that require metarepresenta-
tion, but not in others, such as in first- and second-order false belief
tasks (Baron-Cohen, 1989), or false belief tasks and vignette tasks
(F. G. Happé, 1994). As previously discussed, it is not clear how
metarepresentational demands could vary across ToM tests, meaning
that differences between tests cannot be explained by the ToMM
account.

A yet more extreme defense of the original ToMM account—that
“passers” are not truly autistic but have been misdiagnosed as
autistic—is also possible. It has been argued that the diagnostic criteria
used in autism research are both too vague and too broad and thus that
the likelihood of Type II error (in which true population group
differences are not observed in a given sample) is inflated by the
recruitment of autistic participants who may be highly different to each
other and relatively similar to the neurotypical sample (Mottron, 2021).
While it is possible that this is the case, any diagnostic criterion that
explicitly excludes those who can perform ToM tasks is scientifically
undesirable, as it would result in the ToM hypothesis becoming
untestable.

Specifically, without independent diagnostic criteria, one could
explain away any autistic individual shown to have typical ToM as
not truly autistic. Indeed, the same criticism may be leveled at the
notion that cognitive differences vary between subgroups of autistic
individuals. Without an independent method for classifying these
subgroups, one could suggest that any individual shown to have
typical ToM occupies a distinct subgroup. To consider autism as a
single diagnostic category (Regier et al., 2013), one must assume
some homogeneity, at least in etiology, else distinct subgroups
would be better considered as having distinct disorders. Any
explanation of autism should, therefore, give some explanation of
that homogeneity.

Proposal 2: In the Absence of a Functioning ToMM,
Individuals May Pass ToM Tasks Using Simple
Behavioral Rules

Other work responded to the ostensible nonuniversality of ToM
deficits in autism by arguing that autistic individuals pass tests of
false belief understanding through “hacking out” (Frith et al., 1991,
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Table 2
A Summary of Existing ToM Tests

Test Description Evaluation

False belief tasks False belief tasks typically take one of two forms: change-
of-location/unexpected-transfer tasks or unexpected-
contents/deceptive-appearance tasks. In the former
(Baron-Cohen et al., 1985; Wimmer & Perner, 1983), an
agent is introduced and shown observing or placing an
object in a location. The agent then leaves, and the object
moves. Participants are asked where the agent will look
for the object on their return. In the latter (Gopnik &
Astington, 1988; Perner et al., 1989), children are shown
a container, which implies (through, e.g., branding or
labeling) that it contains a certain object. Participants are
then shown that the box contains something unexpected
and asked what a naïve friend would think the box
contains. In both forms of task, the target of inference is
assumed not to have access to information about the true
state of the world, and so children are said to pass if they
ascribe a false belief to the target.

Thought to be highly conservative tests of the ability
to represent mental states, meaning that the ability
of many autistic individuals to pass these tasks
suggests intact representational capacity in autism.

May make significant demands on cognitive abilities
other than ToM—particularly executive functions
and language ability (Devine & Hughes, 2014;
Durrleman & Franck, 2015; Lind & Bowler, 2009;
Müller et al., 2005).

Implicit false belief tasks Implicit false belief tasks are extensions of the false belief
tasks described above and usually utilize a change-of-
location paradigm. Instead of asking participants
explicitly where a character will search for an object,
they measure participants’ looking behaviors.
Anticipatory looking toward the location that the
character is assumed to falsely believe the item occupies
is said to indicate some implicit understanding of false
belief and thus implicit ToM ability (Kovács et al., 2010;
Senju et al., 2009; Southgate et al., 2007).

Poor replicability and convergent validity (Kulke &
Rakoczy, 2018; Kulke et al., 2018, 2019).

At least some effects attributed to automatic belief
representation have been shown to occur due to
experimental artifacts (Phillips et al., 2015).

Perspective-taking tasks Some tasks assess “implicit” ToM understanding by
examining the automatic processing of others’ visual
perspectives. The most common example of this type of
task is the “dot perspective task” (Samson et al., 2010).
In the dot perspective task, participants are asked to
verify how many red discs are visible in a scene from
either their own or an avatar’s perspective. Participants
are typically slower and less accurate at verifying their
own perspective when it is inconsistent with the avatar’s,
and this is taken as evidence that they automatically
process the avatar’s perspective.

Evidence from studies in which the avatar is replaced
by a camera, or in which the avatar is unable to see
the discs, suggests that these effects occur in the
absence of mental state processing and may be
better explained as attentional phenomena (Catmur
et al., 2016; Conway et al., 2017; Santiesteban et
al., 2015). Artificial agents used in these tasks (e.g.,
avatars) do not truly have mental states.

Strange stories task The strange stories task (F. G. Happé, 1994) involves
participants listening to or reading stories that describe
situations designed to elicit attribution of mental or
physical states. In the mental state questions, participants
are asked to explain a character’s behavior, and their
responses are scored for accuracy. Other versions of this
task involve films depicting the stories (Murray et al.,
2017) or modified versions of the original stories for use
with children (S. White et al., 2009).

The correctness of responses is determined by
whether the raters deem the response “appropriate”
as a justification for the story given.

Movie for the assessment of social
cognition

The movie for the assessment of social cognition (Dziobek
et al., 2006) involves participants watching a video of a
social interaction between a group of characters. The
video is paused at several time points, and participants
are asked multiple-choice questions about the mental
states of the characters, as well as control questions that
do not ask about mental states but instead assess
attention, memory, and inference.

Includes emotion as a type of mental state, in contrast
to theoretical definitions of mental states as
propositional attitudes.

Accuracy is based on a “correct” answer determined
by the experimenter’s intention and consensus
scoring.

Frith–Happé Animations Test The Frith-Happé Animations Test (Abell et al., 2000;
Castelli et al., 2002; S. J. White et al., 2011) involves
participants watching a video of two moving shapes. In
the original version of this task (Abell et al., 2000;
Castelli et al., 2000), participants are asked to describe
the video through free verbal response and are scored on
the appropriateness of their descriptions and the level of
mental state attribution they include. In newer versions
(Livingston et al., 2021; S. J. White et al., 2011),

Tests the tendency to attribute mental states to
inanimate shapes that cannot hold mental states, not
to agents who can.

Appropriateness is determined relative to the “scripts”
used in the development of the stimuli, that is, what
the experimenter intended to depict.

(table continues)
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1994). Specifically, it was suggested that, while autistic individuals
cannot represent mental states, some may derive a set of behavioral
“rules” that outline what another agent will do, or how they themselves
should behave, in different situations. This proposal suggests that false
belief tasks can be solved using rules relating to the agent’s behavior
(e.g., “when people do not see a change in the world, they behave as if
it has not happened”), or one’s own (e.g., “when participating in a
psychology study, pick the answer opposite to that which seems most
obviously correct”). In such cases, then, the test is thought to be solved
without appealing to another’s mental state.
Some autistic individuals who pass false belief tasks do show

little evidence of ToM use in everyday life (as assessed by observer
report based on an expanded version of the Vineland Adaptive
Behavior Scales; Frith et al., 1994), and it is possible that these
individuals solve ToM tests through “hacking out.” However, the
same data show that others do make use of ToM day-to-day, and it is
hard to maintain that they do so without representing mental states.
Specifically, the number of behavioral rules an individual can
memorize is likely to be much lower than the number required to
substantially influence everyday social communication. Therefore,
while the notion of “hacking out”may reduce the number of autistic
individuals thought to be truly able to represent mental states, it does
not resolve the problem entirely, as some proportion are still thought
to be capable of mental state representation. In addition, despite the
claim that these individuals still show some ToM impairment, there
remains no theorized reason for false belief tasks to be any less
demanding of the ToMM than everyday social behaviors (with
respect to metarepresentation or representation of propositional
attitudes), and so this impairment cannot be explained as a difficulty
with metarepresentation.

Proposal 3: The Ability to Explicitly Reason About Mental
States May Be Preserved, but Spontaneous, Implicit
Mental State Representation Is Impaired in Autism

Another proposal that may account for evidence of preserved
ToM ability in autism suggests that while autistic individuals are in
fact able to reason about mental states explicitly, they cannot perform
unconscious, spontaneous, or “implicit” ToM (Senju, 2012). In this
account, it is argued that because the innate ToMM, which processes
mental states quickly and spontaneously (an otherwise rarely
discussed element of the ToMM account; Leslie, 1994), is missing
or dysfunctional in autistic individuals, these individuals can only

perform mentalizing tasks through slow, explicit, inferential
reasoning. The lack of implicit mentalizing would therefore be
expected to mean that autistic individuals have less of a propensity
to mentalize, find mentalizing not automatic but effortful, and
require attentional focus.

The usefulness of this approach is limited in several ways. First,
there are questions surrounding the evidential basis of this account
and its theoretical coherence. Empirically, several of the paradigms
used to support the notion that implicit ToM is part of typical human
cognition have been found to have poor replicability and convergent
validity (Kulke & Rakoczy, 2018; Kulke et al., 2018, 2019).
Additionally, results thought to be indicative of the presence of
implicit ToMmay be better explained by other capacities or features
of experimental design (Catmur et al., 2016; Cole & Millett, 2019;
Conway et al., 2017; Heyes, 2014; Kuhn et al., 2018; Millett et al.,
2020; Phillips et al., 2015; Santiesteban et al., 2015). For example,
evidence of automatic visual perspective taking (where participants’
performance on a task is influenced bywhat another agent can see, and
this is taken to imply automatic processing of others’ viewpoints; see
Table 2 for more details) can be explained by attentional effects
(Catmur et al., 2016), while effects attributed to automatic belief-
representation are not sensitive to the agent’s belief but associated with
the timing of critical agent-related events (Phillips et al., 2015).

At the theoretical level, some of the key approaches to measuring
implicit ToM are problematic because they include phenomena such
as “seeing” (Apperly et al., 2010; Dumontheil et al., 2010; Keysar
et al., 2003; Samson et al., 2010) as mental states. Processing an
alternate perspective toward the visual world need not involve the
representation of another’s mental state—it can be conceived of as a
problemof geometry rather than of inferring and representing another’s
attitude toward the truth of a proposition (Leslie & Frith, 1988). For
example, to infer that an avatar sees two red circles on a wall, the
observer needs only to determine that there are two red circles in the
unobstructed eyeline of the avatar. If tasks involving representation
of another’s visual perspective were shown to be solved by appealing
to the beliefs of the agent, for example, that the avatar believes that
there are (only) two red circles on the wall, then these tasks may be
considered ToM measures. However, there is evidence to suggest that
this is not the case, as the same effects often attributed to implicit ToM
are present in control conditions where the agent is replaced by a
camera, which cannot hold mental states (Santiesteban et al., 2015), or
where the agent is shown to be wearing goggles, which render the
visual stimuli invisible to them (Conway et al., 2017).

Table 2 (continued)

Test Description Evaluation

participants are asked to provide a verbal description,
which is scored for appropriateness as above, but are also
asked to select whether the video is best described as
depicting “no interaction,” “physical interaction,” or
“mental interaction.”

Reading the Mind in the Eyes Test The Reading the Mind in the Eyes Test (Baron-Cohen et
al., 1997, 2001) involves participants viewing images of
targets’ eye regions and selecting, from multiple possible
answers, the term that best describes the emotional state
or state of mind of the target.

Emotional states or states of mind are distinct from
the definition of mental states as propositional
attitudes.

Accuracy is determined by whether participants select
the target word judged to describe the image by the
experimenters and the consensus of eight judges.

Note. ToM = theory of mind.
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Second, the notion of disrupted implicit ToM is less able to
explain social communication difficulties in autism relative to the
original ToMM account. Theories postulating the existence of an
implicit ToM argue that such capacities would necessarily be limited
and inflexible, denying that the implicit system allows representa-
tion of beliefs and instead stating that it merely allows representation
of “belieflike” states (Apperly & Butterfill, 2009). Typically, social
difficulties ascribed to ToM differences relate to complex social
situations, such as the understanding of pragmatic language, sarcasm,
or lying (Baron-Cohen et al., 1999; Frith et al., 1994; Reindal et al.,
2023; Thiébaut et al., 2016), which likely require the integration of
multiple sources of information to reach a ToM judgment, alongside
additional cognitive abilities (such as working memory). The use of
ToM to reach an accurate inference in these complex situations, at
least early in typical social development if not throughout the lifespan,
requires the more effortful, but more flexible, explicit capacity
(Apperly & Butterfill, 2009). If this capacity, which can facilitate
understanding in these complex situations, is thought to be present in
autism, then any identified impairment in implicit processing is a poor
explanation for autistic symptoms.

Development Route 2: Increasing the Domain Specificity
of the Proposed Cognitive Difference

A second key theoretical development concerning the ToM
hypothesis is that newer theories tend to suggest that ToM impairments
in autism arise from domain-specific social cognitive differences, in
contrast to the original ToMM account’s suggestion of a general
metarepresentational impairment. This increasing emphasis on the
social nature of ToM deficits in autism may have originated from data
from the false photograph task, which was thought to challenge the
notion that ToM difficulties in autism arise from an inability to process
any metarepresentation (i.e., any representation with embedded
propositional content that may not reflect the real world). Here, we
outline this challenge, as well as a refocusing of the ToMM account,
which emphasized the role of the agent as an essential component of
a metarepresentation. We then discuss a broad class of what we term
“social processing theories,” which also argue for a domain-specific
impairment, suggesting that ToM difficulties arise from differences
in the processing of social information and thus in the input to the
ToM system.

The Challenge: Autistic Children Pass Tasks Claimed to
Require Nonmentalistic Metarepresentations

The original ToMM account stated that autistic individuals
cannot hold metarepresentations because of an impairment in their
ability to decouple the propositions embedded within them (Leslie,
1987; Leslie & Frith, 1987). While the kinds of metarepresentations
discussed by Leslie (those involved in pretense and ToM) were said
to take the form agent—informational relation—proposition, it
remained the case that such a deficit could be expected to affect the
ability to hold nonmental metarepresentations, not just metarepre-
sentations of mental states (Leslie & Frith, 1990). As such, empirical
data suggesting that the metarepresentational deficit in autism is
specific to mental state understanding (mentalistic metarepresenta-
tion, sometimes called “m-rep”) would not support the existence
of the domain-general metarepresentational deficit outlined in the
original account.

Claims of a metarepresentational deficit in autism that is specific
to mentalistic metarepresentations have been made based on data
from the false photograph task. The false photograph task, in form,
mirrors a false belief task but is claimed to require nonmentalistic
metarepresentations for successful performance (Zaitchik, 1990).
In the false photograph task, a photograph is taken of a group of
objects. The objects are then moved away from their original
location, and the participant is asked “In the picture, where is the
object?” Just as in a false belief task, where children are said to
“pass” if they can recognize that a character’s beliefs do not match
reality, children are said to “pass” the false photograph test if they
recognize that the location of the objects in the photograph does not
match (present) reality.

Leslie and Thaiss (1992) presented evidence that autistic children
perform well on false photograph tasks despite their failure on the
false belief task, while typically developing 4-year-olds perform
poorly on the false photograph task but well on the false belief task.
They argued that these data show that the false photograph task is
not easier than the false belief task as the typically developing
children appeared to find it more challenging. As such, if one takes
the processing of a false photograph to require nonmentalistic
metarepresentation, then this evidence refutes the suggestion by the
early ToMM account that ToM difficulties in autism arise from a
domain-general metarepresentational deficit.

Whether data from the false photograph task are, in fact,
problematic for the original account is a topic of some debate (Frith
et al., 1991; Iao & Leekam, 2014; Leslie & Frith, 1990). Photograph
understanding could be conceived as requiring representation of an
opaque proposition as “the photo shows the marble is in the basket”
does not imply that, in the real world, the marble is currently in the
basket. Therefore, the false photograph task could require decoupling
and be conceived of as a nonmentalistic metarepresentational task.
However, the fact that a photograph does entail facts about how the
worldwas, even if not necessarily about how it currently is, mightmean
that photographs are not truly metarepresentational (Perner & Leekam,
2008). Under this view, the false photograph task does not require
metarepresentation, and the photograph may be more analogous to
one’s ownmemory than to another’s belief. Thus, autistic children who
pass this task may not necessarily be processing metarepresentations to
do so, and, as such, false photograph data may not challenge the
original ToMM account.

In fact, other works suggest that autistic children may indeed
show difficulties in nonmentalistic metarepresentation. For exam-
ple, work by Iao and Leekam (2014) demonstrates that autistic
children are impaired at the “false sign task,” another task analogous
to false belief tasks for which it can be claimed with a great deal of
certainty that nonmentalistic metarepresentation is required for
successful performance. In this task, a physical sign misrepresents
the current location of an object (by pointing at an incorrect
location) and thus cannot be characterized as an outdated, but once
veridical, representation in the way that a photograph might be
(Bowler et al., 2005). Therefore, the metarepresentation in this case
certainly does require decoupling. The fact that autistic children are
more likely to be impaired at the false sign task than typically
developing children—as they are at false belief tasks—is consistent
with the original account of a decoupling impairment leading to a
general metarepresentational deficit in autism.

Ultimately, while false photograph data were originally thought
to challenge the notion of a general metarepresentational deficit in
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autism, it appears that the task may not actually require metarepre-
sentation and thus that the data do not challenge the original ToMM
account. However, the previously described evidence that a large
proportion of autistic individuals do develop the ability to represent
mental states (if passing false belief tasks show the ability to represent
mental states) demonstrates that any general metarepresentational
deficit does not often persist into adulthood and that the ToMM
account thus provides a poor explanation of autism beyond childhood.
The relevance of the false photograph challenge, then, lies in the fact
that, regardless of its validity, it prompted revisions to the original
ToMM account, which have continued to influence theorizing around
ToM in autism.

Proposal 1: The ToMM Is Responsible Only for the
Understanding of Mental States and Is Damaged in
Autism

In response to the perceived challenge of the false photograph
data, Leslie and Thaiss (1992) suggested that autistic individuals
have a specific problem with mentalistic metarepresentations. They
argued that there can be no informational relation in the false
photograph task because the photograph (or the camera) is not an
agent with a mind, so cannot believe the marble to be in the basket.
Additionally, Leslie (1994) further argued that the ToMM is
specialized for the processing of intentional (mental) states. We
consider these suggestions to constitute a revision to the original
ToMM account because the claim that deficits in autistic ToM arise
from some dysfunction in a module responsible only for mental
state understanding is inconsistent with the original formal theory,
which suggested that the difficulty is one of processing decoupled
propositional content.
The original conceptualization of the ToMM account claimed to

explain ToM deficits in autism by suggesting that ToM required
the processing of a form of representation that required specific
representational abilities (i.e., the ability to process decoupled
propositional content). As a consequence of the lack of the ability to
process these representations, mental states (among other metar-
epresentations) could not be represented. By contrast, the revision to
the ToMM account that specifies that autistic individuals have a
selective deficit in representing mental states means the theory can
no longer explain ToM deficits in autism; it merely redescribes ToM
deficits (“autistic individuals show a deficit in ToM because they
cannot represent mental states”). This revised version of the ToMM
account therefore cannot offer a satisfactory theoretical explanation
of ToM in autism.

Proposal 2: Metarepresentational Mechanisms Are Intact,
but Social Processing Deficits Cause Impoverished Input

Another class of theory, which we term “social processing
theories,” also suggests that ToM ability is supported by domain-
specific processes that are thought to be impaired in autism. Such
theories might therefore follow from the revised version of the
ToMM account outlined above, providing possible explanations of
the proposed domain-specific impairment. These theories suggest, in
contrast to the ToMMaccount, that ToM deficits arise from difficulties
attending to and processing the social information required for ToM
inference (Stone & Gerrans, 2006), or from difficulties developing

social skills thought to be necessary precursors to the emergence of
ToM ability (Garfield et al., 2001).

While there is a substantial (but contested, see Bottema-Beutel
et al., 2019, for a relevant meta-analysis) literature pointing to
differences in social processing in autism, such as in social orienting
and joint attention (Burnside et al., 2017; Dawson et al., 2004; Senju &
Johnson, 2009a, 2009b; Shah et al., 2013), there is little work outlining
how exactly these differences in social processing relate toToMability.
Evidence that certain social abilities are correlated (cross-sectionally or
longitudinally) with ToM (Burnside et al., 2017; Charman et al., 2000;
Sodian & Kristen-Antonow, 2015) does not in itself explain how these
social abilities are thought to be necessary for the inference of mental
states. There is clearly a need for a psychological model explaining
precisely how observed atypical processing of social information in
autism impacts mental state inference ability.

Ultimately, then, while social processing theories can account for
evidence that autistic individuals appear able to hold metarepre-
sentations, they do not provide specific, testable hypotheses about
the mechanisms underlying ToM and how they might differ in
autism. They do, however, provide a promising starting point for the
development of such hypotheses, as one might begin to conceptualize
a mechanistic theory of ToM by considering the possible roles of
social processes identified as operating differently in autism.

Developments in Theoretical Proposals Have Not
Provided a Satisfactory Psychological Model of ToM in
Autism

In this section, we have traced the development of the ToM
hypothesis of autism from its origins in the ToMM account to the
present day, examining developments that either sought to account
for evidence of ToM ability in (some) autistic individuals or proposed
that ToM deficits arise from domain-specific social cognitive
impairments rather than domain-general metarepresentational diffi-
culties. As we argued in Defining the Conceptual Space of ToM in
Autism section, we believe that a satisfactory psychological model of
ToM in autism should specify mechanisms underlying mental state
inference, the information transformed through those processes, and
how those processes might differ between autistic and neurotypical
individuals. Each theoretical account that we have described faces its
own challenges, and none, in our opinion, meets these criteria. A
summary of the proposals evaluated in this section and what we
consider to be their problems is given in Table 3.

Existing ToM Tests Cannot Conclusively Support the
ToM Hypothesis

Thus far, we have established some conceptual difficulties that
arise when theorizing about ToM and critically evaluated existing
proposals, concluding that none provides a satisfactory account of
ToM differences in autism. To identify challenges that may be faced
when testing any new theoretical account that may emerge, we turn
now to evaluating existing tests of ToM ability. In general, tests of
ToM ability may be considered to test mental state representation,
the accuracy of mental state inferences, and/or the propensity to
make mental state attributions. In this section, however, we will
argue that existing tests have significant limitations that may prevent
them from conclusively identifying differences in any of these
aspects of ToM between autistic and neurotypical individuals.
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A summary of existing tests and their limitations can be found in
Table 2.
We begin by evaluating the extent to which advanced tests can be

thought to be testing ToM and only ToM.We then consider, in turn,
measures of each aspect of ToM (representation, propensity, and
inference accuracy), exploring specific problems facing each type of
test. Ultimately, we conclude by identifying requirements of any new
ToM measure that seeks to test differences in ToM ability between
autistic and neurotypical individuals.

Many Tests Do Not Solely Test ToM Ability

As explained in the Defining the Conceptual Space of ToM in
Autism section (and summarized in Table 1), ToM may be defined
as the ability to infer mental states, with mental states themselves
defined as propositional attitudes. A propositional attitude is an agent’s
attitude to the truth of a particular proposition, and these attitudes are
typically beliefs, desires, or intentions. Other forms of mental event,
such as emotion, visual perspective, or state of mind, are distinct from
propositional attitudes.
In addition to tests of visual perspective taking which, as discussed

in the Existing Theoretical Proposals Are Insufficient Explanations of
ToM in Autism section, do not require consideration of mental states
and often appear to be solved without processing the agents’ visual
perspective (Conway et al., 2017; Leslie & Frith, 1988; Santiesteban
et al., 2015), other tests also stray from the use of propositional

attitudes. For example, the Reading the Mind in the Eyes Test
(Baron-Cohen et al., 2001) assesses the identification of facial
expressions of emotion or states of mind (nonaffective states that
the mind may occupy, such as “reflective” or “thoughtful”), which do
not hold propositional content. As such, without an expanded
definition of what constitutes a mental state, this test does not appear to
test ToM ability. Similar criticisms can be made of the Movie for the
Assessment of Social Cognition (MASC; Dziobek et al., 2006), which
includes emotion as a “mental state modality” alongside propositional
attitudes, meaning that the MASCmay conflate emotion identification
with the inference of mental states (see Shah et al., 2017, for evidence
of differential associations between the emotional and nonemotional
items on the MASC).

Importantly, the inclusion of emotion inferences in tests of ToM
may disadvantage autistic participants due to the frequent co-
occurrence of autism and alexithymia, a condition known to impair
emotion processing (Bird & Cook, 2013; Hill et al., 2004; Sifneos,
1973). Concerningly, then, group differences between autistic and
nonautistic participants in tests that include emotion judgments may
be better explained by group differences in alexithymia rather than
autism itself. Moreover, like group differences in visual perspective
tasks, whichmay be explained by lower level, domain-general abilities
(Catmur et al., 2016; Cole & Millett, 2019; Conway et al., 2017;
Millett et al., 2020; Phillips et al., 2015; Santiesteban et al., 2015),
group differences in emotion judgments might not reflect a ToM
difference even if autism specific (Oakley et al., 2016).

Table 3
A Summary of Proposals Discussed in the Existing Theoretical Proposals Are Insufficient Explanations of ToM in Autism Section and Their
Problems

Proposal Summary Problem

ToMM account An innate neural module is responsible for processing
propositions that need not be reflective of reality (as
“metarepresentations”), including propositional attitudes
(mental states). Autism is characterized by dysfunction in
this module and an inability to hold these types of
representation.

Possible circularity.
Empirical data do not support the idea that autistic individuals

cannot hold these forms of representations.

Subgroups The ToMM account holds for some subgroups of autistic
individuals, but not for others. Different subgroups may
show different cognitive profiles.

Reduces the extent to which the ToMM account is able to
explain autism as a single condition.

Cannot account for autistic individuals who pass simple, but
not “advanced” tests.

Renders ToMM account untestable
“Hacking out” Some autistic individuals, despite the lack of the necessary

innate module for ToM (as in the ToMM account), are able
to pass laboratory tests of ToM through logical reasoning
that does not require the representation of mental states.

Cannot account for evidence of ToM use in everyday life in
some autistic individuals.

Implicit ToM Autistic individuals are able to perform slow, explicit mental
state reasoning, but not fast, automatic, implicit ToM.

Does not specify how implicit ToM differences occur or how
differences affect social communication abilities.

Questions surrounding the validity of the evidential basis
ToMM (revised) The innate neural module thought to be dysfunctional in autism

is responsible only for processing propositional attitudes
(i.e., propositions that may not be reflective of reality and
that an agent has an attitude toward). Therefore, autistic
individuals can hold some forms of metarepresentation but
cannot represent mental states.

No longer proposes an explanation for processing differences
underlying ToM impairments but simply redescribes them.

Empirical data do not support the idea that autistic individuals
cannot hold these forms of representations.

Social processing The neural or psychological system required for ToM is intact
in autism, but ToM impairments arise from differences in the
social information that forms the input to the system. This is
due to differences in social processing or social behavior in
autism (e.g., in joint attention or social orienting).

Do not provide explanations of how differences in some social
processes lead to differences in ToM judgments.

Questions surrounding validity of evidential basis.

Note. ToMM = theory of mind module; ToM = theory of mind.
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Tests of Representation: Differences in BOLD Signal
When Representing Mental States Cannot Be Properly
Interpreted

Although, as we argued in the Defining the Conceptual Space of
ToM in Autism section, it is unclear how there may be degrees of
the ability to represent, it is frequently claimed that evidence of a
reduced ability to represent mental states in autism can be found in
fMRI studies. Such studies have shown reduced BOLD signal in a
network related to mental state representation in autistic
individuals (Arioli et al., 2021; Kana et al., 2015; Nijhof et
al., 2018).
As we discussed in the Defining the Conceptual Space of ToM in

Autism section, any BOLD signal unique to a condition that requires
mental state representation, relative to a carefully matched control
condition, may be reflective of the neural processes underlying mental
state representation. As such, differences in this BOLD response could
be indicative of differences in mental state representation across
groups. However, some of the better powered studies investigating
neural differences between autistic and neurotypical individuals
during ToM tasks have failed to find any differences (Dufour et al.,
2013; Moessnang et al., 2020). While the empirical evidence is
therefore mixed, even if there is reduced neural activity in a network
activated during ToM tasks in autism, it is unclear what can be
concluded aboutmental state processing on this basis. One could argue
that reduced neural activity indicates aweaker representation of mental
states or that reduced neural activity indicates that the representation of
mental states is occurring more efficiently. Thus, without accompa-
nying behavioral data, it is almost impossible to make conclusions
about psychological representations from these studies. Several studies
that do show differences in BOLD signal between autistic and
neurotypical groups fail to find significant behavioral differences in
their ToM task (Kana et al., 2015; Nijhof et al., 2018), further
confusing the possible interpretation of these results.
Furthermore, it has been convincingly argued that BOLD should

not be used to make inferences about differences in neural activity
between autistic and neurotypical individuals (Reynell & Harris,
2013) due to differences in neurovascular coupling between these
groups. As far as we are aware, there have been no fMRI studies,
including our own (Silani et al., 2008; Spengler et al., 2010), that
have accounted for such differences, and it is unclear whether it is
possible to do so. Having identified differences in neurovascular
coupling as a potential confound, Reynell and Harris highlighted
that these differences can be pathway specific and therefore task
specific. As such, if one assumes that there are specific neural
mechanisms for mental state inference, which are distinct from
those used in inference more generally, then even a well-matched
control task cannot rule out this potential confound.

Tests of Inference Accuracy: Existing Tests Do Not Have
a True Correct Answer

As explained in the Defining the Conceptual Space of ToM in
Autism section, if ToM is a process of inference (i.e., of combining
available information to reach a judgment about a target individual’s
mental state), then one way in which individuals or groups might
differ in their ToM ability is in the accuracy of these inferences.
Several tests of ToM ability purport to be testing ToM accuracy.

In such tests, participants are asked to infer mental states, either with
a free response or by selecting frommultiple response options (Abell
et al., 2000; Dziobek et al., 2006; F. G. Happé, 1994). These mental
state inferences are then assessed for their accuracy against a
predefined “correct” answer. Often, however, these inferences are to
be made about the minds of targets in artificial stimuli, for example,
written vignettes or videos involving actors. In such cases, the target
does not truly hold the mental state being assessed. An actor likely
does not hold the mental states attributed to their character by the
experimenter but merely performs behaviors that they believe the
character would display when experiencing those mental states.
Similarly, in vignettes written by the experimenter, the “mental state”
is what the experimenter intended to depict, not the true experience of
any real individual.

This lack of a true mental state causes problems in assessing the
accuracy of participants’ inferences given that, at a basic level, it is
impossible to assess the accuracy of an inference unless there is a true
answer. In these tasks, the “correct” answer is instead defined as that
which the experimenter intended to depict (regardless of how they did
so or how successfully) or themost frequent answer provided by a large
group of neurotypical raters (Dziobek et al., 2006). Problematically,
if an autistic participant responds differently to experimental task
demands, then they may give a different response to the neurotypical
consensus group even if they have no ToM impairment. For example,
neurotypical individuals may interpret the instruction to infer mental
states from the stimuli as a request to infer what the experimenter
intended to depict and make use of dramatic conventions in their
judgment. By contrast, autistic individuals may take the question
literally, and struggle to ascribe a mental state to a character, in the
knowledge that the character is a product of a script and the actor’s
performance and thus does not truly hold a mental state.

Logically, if one is to argue that differences in ToM underlie
difficulties in social communication and understanding social
pragmatics in autism, then one should not test for ToM impairments
using an experimental situation where different (pragmatic) inter-
pretations of the task instructions could lead to differences inmeasured
ToM accuracy. Given that difficulties with social pragmatics are often
observed in autism, it is likely that autistic individuals will interpret
task instructions differently from neurotypical individuals and, in turn,
make different inferences to neurotypical individuals. If a neurotypical
consensus group is used to define the correct answer, then “inaccurate”
inferences made by autistic individuals may be reflective only of their
differing interpretation of task requirements rather than impairments in
mental state inference itself. As such, tests using this approach are
biased toward neurotypical cognition and thus cannot truly test group
differences in ToM ability.

Tests of Propensity: Existing Measures Do Not Test
(Only) the Attribution of Mental States to Social Agents

In addition to ToM accuracy, the propensity to spontaneously
attribute mental states to other agents, or to use those mental states to
explain or predict behavior, may be an important component of ToM
ability, and reduced propensity could explain some of the social
communicative symptoms of autism. If one is not inclined to
represent another’s mental states and the relationship between them
and the content of the individual’s speech, one may, for example, be
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poor at detecting sarcasm andmay instead tend to take the content of
utterances literally.
The propensity to consider mental states is generally tested by

examining whether mental state terms are used spontaneously when
explaining or describing a situation (Abell et al., 2000; F. G. Happé,
1994). The most popular measure of propensity, the Frith–Happé
Animations Test (Abell et al., 2000; Castelli et al., 2002; Kana et al.,
2015), involves describing the behavior of animated triangles. In the
original Abell et al. (2000) scoring system, verbal responses were
categorized as “action” (if the participant did not offer any explicit
reference to the interaction between the triangles), “interaction” (if
they referred to interaction but did not use any psychological terms),
or “mentalizing” (if the participant used psychological terms). It
is this categorization that measures participants’ propensity to
make mental state attributions. In more recent versions of this task
(Livingston et al., 2021; S. J. White et al., 2011), participants are
asked to select whether the animation depicts “no interaction,”
“physical interaction,” or “mental interaction.”While this multiple-
choice categorization is often considered to measure accuracy (as
the experimenters predefine the correct interaction type), it could be
argued to be a measure of the propensity to view an interaction as
mentalistic (and thus to attribute mental states), especially when
prompted that it might be appropriate to do so.
Problematically, the Animations Test examines the propensity to

attribute mental states to objects that do not have minds. As such, it
is unclear whether this test, which effectively assesses the tendency
to anthropomorphize shapes, truly measures the tendency to ascribe
mental states to social agents. This may be especially problematic
when testing autistic individuals, who have been suggested to show
difficulties with generative imagination (Crespi et al., 2016; Low
et al., 2009; Ten Eycke & Müller, 2015). It may be the case that a
preference for describing things in literal terms impedes the
attribution of mental states to objects that cannot hold them, but not
to agents who can.
The other primary source of evidence suggesting a reduced

propensity to make spontaneous mental state attributions in autism
comes from the implicit ToM literature, described in the Existing
Theoretical Proposals Are Insufficient Explanations of ToM in
Autism section. It has been found that autistic individuals are less
likely to show anticipatory-looking behavior toward the location
where an agent will search in a false belief paradigm (Senju, 2012).
As previously mentioned, paradigms like these have been shown to
have poor replicability and convergent validity (Kulke & Rakoczy,
2018; Kulke et al., 2018, 2019). Moreover, without a control
condition in which the only differing feature is the presence or
absence of relevant mental states, group differences in anticipator-
looking behavior may be explained by factors other than ToM
propensity. Specifically, there is evidence to suggest that autistic
individuals show atypical gaze patterns toward social stimuli even
in the absence of mental state information (Boraston & Blakemore,
2007) and that both social and nonsocial attention differ between
autistic and neurotypical individuals (Bedford et al., 2014). In
addition, it has been found that when autistic individuals maintain
attention to relevant stimuli, no group differences in goal prediction
are observed (Marsh et al., 2015). As such, anticipatory-looking
paradigms are limited by the lack of control conditions, which may
rule out these potential confounds and may therefore be poor
measures of ToM propensity.

New ToM Tests Are Needed

In this section, we have outlined the limitations of existing
paradigms for testing ToM and thus for testing ToM differences
between autistic and neurotypical individuals. We have noted that
ToM testing suffers from the lack of shared understanding of what
ToM entails outlined in the Defining the Conceptual Space of ToM
in Autism section. Because of discrepancies between how ToM is
conceptualized in theoretical terms (as the ability to infer propositional
attitudes) and how it is tested (as the ability to infer any of several
distinct types of mental event), differences between autistic and
neurotypical individuals in performance on several ToM tests may in
fact be representative of group differences in abilities other than
ToM itself.

We have additionally explained how many ToM tests disadvantage
autistic individuals in amanner unrelated to any ToM impairments that
may be present. Examples of this include the failure to account for
differences in neurovascular coupling in functional MRI studies,
the definition of accuracy relative to neurotypical consensus- or
experimenter-defined norms, or the requirement, in tests of propensity,
to attribute mental states to entities that do not have minds. Failure to
account for these possible issues, many of which relate to suspected
differences between autistic and neurotypical cognition, limits the
extent to which these paradigms can conclusively support the
hypothesis that ToM differences are characteristic of autism. As such,
to properly test any new theoretical explanation of ToM in autism, new
tests will be required.

Reconceptualizing the ToM Hypothesis of Autism:
A Worked Example

Throughout this article, we have outlined several issues facing the
ToM hypothesis of autism at both the conceptual and empirical
levels. We have argued that existing theoretical proposals are
insufficient explanations of ToM in autism and that existing ToM
tests cannot conclusively support the ToM hypothesis of autism.
Here, we discuss our own attempts to reconceptualize the ToM
hypothesis of autism.We discuss our model of typical ToM and how
it might be used to explain the proposed ToM difficulties in autism.
We also describe a measure of mental state inference accuracy,
which we believe resolves some of the issues discussed in the Existing
ToMTests Cannot Conclusively Support the ToMHypothesis section.
It should be noted that this work represents only one way in which
these challenges may be tackled and does not yet offer a complete
explanation of ToM in autism.

The Mind-Space Framework

As explored in the Defining the Conceptual Space of ToM in
Autism section, given the evidence of a preserved capacity for the
representation of mental states in autism (Dziobek et al., 2006; Frith
et al., 1994; Gernsbacher & Yergeau, 2019; F. G. Happé, 1994,
1995; S. White et al., 2009, 2011), we see two candidate aspects of
ToM ability that might differ between autistic and neurotypical
individuals: the propensity to make mental state inferences and the
accuracy of those inferences (Pisani et al., 2021). A new theoretical
model of ToM in autism, then, might consider when, how, and why
mental state inferencesmay be less accurate or less often spontaneously
produced in autistic individuals. One way of doing this is through
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developing a model of typical ToM that identifies potential sources
of group differences in mental state inference. The Mind-space
framework, a cognitive account of mental state inference (Conway
et al., 2019), identifies several mechanisms underlying typical ToM
that could operate differently in autism and thus may provide a
useful starting point for explaining ToM differences in autism.
The Mind-space framework is founded on the notion that

different minds will give rise to different mental states in the same
situation. For example, an extraverted individual at a party might
intend to speak to as many people as possible—an intention that an
introverted person is unlikely to share. The Mind-space framework
thus suggests that information about a target’s traits (such as their
personality traits or cognitive abilities) is used when inferring their
mental states. This information is represented as a location in “mind
space”: a multidimensional space in which each dimension represents
a separate trait, akin to how face space allows qualities of faces to be
represented (Valentine et al., 2016). Crucially, trait dimensions within
this space need not be orthogonal. For example, an individual might
have learned that a person’s level of suspiciousness is predictive
of that person’s level of aggressiveness. If the structure of the
individual’s mind space accurately captures the covariation between
these trait dimensions, then this should lead to an improved ability to
locate individuals accurately in mind space. Having located their
target in mind space, a mentalizer can then use a set of experience-
dependent learned relationships to probabilistically infer the likely
mental state experienced in this situation by an individual who
occupies this mind-space location.
Several possible sources of individual and group differences in

mental state inference thus emerge from consideration of the Mind-
space framework. These include, among others, (a) the accuracy
of the structure of mind space (i.e., the covariance between trait
dimensions) relative to population trait covariance, (b) the ability to
locate target minds accurately within mind space (which might itself
be affected by the ability to attend to and process others’ behavior),
(c) the ability to make accurate mental state inferences by combining
situational information with the target’s location in mind space, and
(d) the propensity to locate the target in mind space prior to mental
state inference. Existing evidence supports some of these ideas,
suggesting that individual differences in mental state inference are
related to the accuracy of trait dimension covariance in the
individual’s mind space and the accuracy with which mentalizers
locate targets in mind space (Conway et al., 2020; Long et al.,
2022), although performance on these tasks in autism has not yet
been tested.
We believe that the Mind-space framework resolves many of the

issues outlined throughout this article. In this model, mental states
are defined purely as propositional attitudes, although aspects of the
framework might reasonably be applied to other mental events—one’s
traits might, for example, also influence one’s emotional experiences.
By clearly specifying the target of explanation as the accurate inference
of propositional attitudes, the Mind-space framework resolves the
conceptual issues described in the Defining the Conceptual Space
of ToM in Autism section. Additionally, in suggesting specific
mechanisms underlying mental state inference, the framework offers
potential explanations for evidence that autistic individuals may show
differences in ToM despite being able to represent mental states. As
such, this framework can account for evidence of preserved ToM
capacity without classifying autistic individuals into distinct subgroups

(rendering the ToM hypothesis untestable) or relying on the uncertain
empirical and conceptual grounding regarding the existence of implicit
ToM. Similarly, this mechanistic understanding of ToM might
facilitate an understanding of how cognitive differences (domain
specific or domain general) result in differences in mental state
inference. Differences in social orienting in autism (Burnside et al.,
2017; Dawson et al., 2004; Senju & Johnson, 2009a, 2009b), for
example, may result in less information being available for
locating a target in mind space, causing inaccurate representation
of the target’s traits and, in turn, inaccurate inference of their
mental states. In these ways, the Mind-space framework resolves
the issues faced by existing accounts, which we identified in the
Existing Theoretical Proposals Are Insufficient Explanations of
ToM in Autism section.

An additional benefit of this model is that it provides a possible
explanation for a set of ideas collectively described under the umbrella
of the “double-empathy problem.” In describing this problem, Milton
(2012) claimed that social content is produced in tandem by interacting
agents and that, therefore, individuals with different dispositions (such
as autistic and nonautistic individuals) may have different under-
standings of social norms and behavioral expressions. If this is the case,
tests based on neurotypical mental states may disadvantage autistic
individuals, falsely suggesting a cognitive deficit. The apparent deficit
may derive from a properly functioning ToM system that is unable to
compensate for differences in social understanding and expression
between differently disposed individuals. This notion is supported by
evidence that neurotypical individuals show poor performance when
making ToM judgments about stimuli produced by autistic individuals
(Edey et al., 2016).

Unlike the existing accounts described in the Existing Theoretical
Proposals Are Insufficient Explanations of ToM in Autism section,
the mind space account can explain ToM differences in autism
without assuming the presence of a cognitive impairment and is
thus not inconsistent with evidence of double-empathy effects.
Specifically, the Mind-space framework suggests that, due to the
vast amount of experience gained from privileged access to one’s
own mind, it should be more difficult to locate a dissimilar other in
mind space and to infer their mental state (Conway et al., 2019).
This idea is evidenced by data showing a similarity effect in which
neurotypical individuals are less accurate when inferring the traits
of dissimilar (but still neurotypical) others (Conway et al., 2020). It
could be the case, then, that autistic individuals do not have an
“impairment” in the cognitive system underlying ToM but instead,
given the same experience-dependent machinery, are disadvan-
taged in a world composed primarily of neurotypical individuals,
who may think and behave more similarly to each other than to
autistic individuals.

The Mind-space framework, then, makes clear predictions about
possible ways in which ToM inference might differ between autistic
and neurotypical minds. Empirical work is required to determine
whether any of the identified processes do differ in autism, and there
is scope to further specify this theory, for example, by exploring the
roles of different aspects of the social input (e.g., facial affect, verbal
content, body language) or different cognitive abilities, for example,
metacognition. Ultimately, however, the Mind-space framework
offers a starting point for a reconceptualization of the ToM
hypothesis of autism and appears to resolve the issues facing
existing theoretical accounts.
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The Interview Task

Of course, the development of new psychological models can
only aid in our understanding of autism insofar as we can test them
empirically. We have argued, in the Existing ToM Tests Cannot
Conclusively Support the ToM Hypothesis section, that existing
ToM tests have limitations that prevent them from conclusively
supporting the notion that ToM differences do occur in autism. Here,
we discuss a new test of ToM accuracy, the Interview Task (Long
et al., 2022), which we believe to be free of these limitations. This
test can be used to measure the accuracy of mental state inferences
and can thus identify differences in ToM accuracy between autistic
and neurotypical participants.
In the Existing ToM Tests Cannot Conclusively Support the ToM

Hypothesis section, we highlighted issues around the determination
of the correct answer in tests of ToM accuracy. As we explained, the
“correct” answer in such tasks is usually defined either as the mental
state the experimenter intended to be communicated or as the response
typically provided by a neurotypical consensus group. In these cases,
both what the participant is asked to do (report the mental state of a
character who does not truly exist) and how they are scored (by the
typicality of their reports) mean that “incorrect” answers may not truly
indicate deficits in accurate mental state inference. It is necessary, then,
to reconsider the scoring of ToM accuracy. Given that an accurate
ToM inference is one that matches the beliefs, desires, and/or
intentions of the target individual, then the correct answer for such an
inference must be the true mental state of the target individual. This
cannot be achieved using artificial stimuli that make use of actors or
imaginary characters, as the characters in these stimuli do not have
minds and, therefore, have no true mental state.
The Interview Task (Long et al., 2022) was designed to meet this

requirement. In the Interview Task, participants watch videos of a
practice job interview and report their inferences about the traits
and mental states of the interviewer and the candidate. Importantly,
the interviewers and candidates were not actors but were instead
recruited as study participants. Interviewers and candidates engaged
in the unscripted practice job interviews, which formed the
Interview Task stimuli, and reported their mental states along the
same dimensions as participants later used to report their inferences.
For example, the candidate was asked “Did the interviewer seem
attentive?” and task participants were asked “Does the candidate
think that the interviewer seemed attentive?” As such, participant
inferences about the mental states of the interviewers and candidates
can be directly compared with ground-truth information about the
true mental states, and an error score can be obtained. The Interview
Task can also measure trait inference accuracy against the true traits
of the targets, obtained using validated personality questionnaires
and intelligence tests, which is important for testing the predictions
of the Mind-space framework.
Participants in the Interview Task are scored in a manner

consistent with the instructions given (i.e., inferences about an
individual’s mental states are scored relative to those mental states,
not a consensus group’s typical belief about those mental states), and
the task truly evaluates the accuracy of the inference process rather
than its typicality. Additionally, the Interview Task considers mental
states solely as propositional attitudes and so operationalizes ToM in
a manner consistent with the proposed theory. The Interview Task
therefore resolves issues facing existing measures of ToM accuracy.
However, this is only one example of how this can be achieved. For

example, the Interview Task makes use of highly naturalistic
stimuli—it is likely that the videos contain a multitude of potential
cues to the traits and mental states of the interviewers and the
candidates, such as the prosody of their voice, the verbal content of
their utterances, or their facial expressions. Other researchers might
wish to examine ToM accuracy based on more constrained stimuli to
isolate the ability to interpret one set of cues, for example. Crucially,
however, researchers can only be certain that they are truly measuring
ToM accuracy if participants’ inferences about a target’s mental state
are scored against true values provided by the target themselves,
whose behavior is presented in the stimuli.

Conclusion

The ToM hypothesis, which suggests that social communication
difficulties observed in autism can be explained by differences in
mental state inference, holds remarkable potential as a unifying
cognitive explanation for social difficulties across heterogeneous
presentations of autism. However, the value that this hypothesis
offers to our understanding of autistic cognition is limited by the
extent to which proposed ToM differences can be described and
explained. Indeed, reliance on the generalized notion that autistic
individuals “lack ToM,” despite its inconsistency with existing
evidence (Gernsbacher & Yergeau, 2019), might explain why
interventions based on the ToM hypothesis have shown limited
success to date (Begeer et al., 2011, 2015; Fletcher-Watson et al.,
2014; Lecheler et al., 2021). To fully understand ToM in autism,
one requires a clear definition of the target of explanation (i.e., of
what ToM is), a theory that specifies the psychological processes
underlying ToM and how they may differ in autism, and appropriate
measures to test the predictions of the theory. In this article, we have
argued that the existing literature fails to satisfy each of these
requirements.

In the Existing Theoretical Proposals Are Insufficient
Explanations of ToM in Autism section, we traced the development
of psychological theory, demonstrating that existing models provide
insufficient explanations of any ToM impairment in autism.
Specifically, we claim that theories, which posit that autism is
characterized by an inability to represent mental states, are inconsistent
with empirical evidence. Other models, such as those we described as
“social processing theories,” require further specification of how the
processes they identify are involved in mental state inference and thus
how impairments in these processes result in ToM impairments
in autism. In our discussion of the mind-space theory, in the
Reconceptualizing the ToM Hypothesis of Autism: A Worked
Example section, we showed that a mechanistic cognitive model
of typical mental state inference might be extended to identify
potential sources of ToM differences in autism.

We elaborated, in the Existing ToM Tests Cannot Conclusively
Support the ToM Hypothesis section, on issues with existing
measures that prevent proper testing of psychological accounts of
ToM. We highlighted conceptual inconsistencies between theory
and evidence, which mean that tests often measure abilities that do
not constitute ToM. We then examined tests of different aspects of
ToM ability in turn, arguing that functional MRI-based tests of
mental state representation cannot be properly interpreted, that tests
of accuracy require a truly correct answer (which is absent from
existing measures), and that tests of propensity should only require
attribution of mental states to agents with minds (rather than objects
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that cannot hold mental states). The test we presented in the
Reconceptualizing the ToM Hypothesis of Autism: A Worked
Example section, the Interview Task (Long et al., 2022), determines
participant inferences against ground-truth information about real
mental states and thus resolves the problems facing existing tests
of ToM accuracy. However, further work developing a newmeasure
of ToM propensity may be required to facilitate a full understanding of
ToM in autism.
Ultimately, by expanding upon the issues that we have identified,

and describing how our work attempts to solve them, we hope to
encourage others to consider these issues when studying ToM in
autism. Such work may not only facilitate greater academic
understanding of autistic cognition but may also support the
development of interventions that reduce the difficulty and distress
sometimes associated with social interaction in autism.
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