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Cognitive complexity and control (CCC) theory, which is a theory
of executive function and its development, provides a metric for
comparing task demands across domains. This metric allowed us
to examine the relation between theory of mind (ToM) and one
aspect of executive function, rule use, in 22 individuals with
autism-spectrum disorders, including 12 severely impaired
(VIQ<40; mean VMA =4.07 years; mean CA=17.47) and 10
mildly impaired (VIQ>40; mean VMA=6.15 years; mean
CA =10.30) individuals. For severely impaired individuals, ToM
performance was unrelated to rule use, r=-0.40, p>0.05).
However, for mildly impaired individuals, the correlation
between ToM and rule use was high, »=0.82, p <0.01). This latter
finding challenges the hypothesis of a domain-specific, ToM
module, and suggests instead that poor performance on ToM
tasks may be attributed to a more general difficulty using higher
order rules to integrate 2 incompatible perspectives into a single
system of inferences. Copyright © 2002 John Wiley & Sons, Ltd.
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A central tenet of developmental approaches to psychopathology is that the
study of psychopathology can provide insights into the nature of typical
developmental processes (Cicchetti, 1984; Hodapp and Burack, 1990; Burack,
1997; Luthar et al., 1997). For example, psychopathologies often produce
dissociations among psychological processes that typically develop together,
thereby facilitating the analysis of complex functions and allowing researchers to
identify those processes that continue to be related to one another even in cases of
markedly atypical development.
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Research on individuals with autism provides a good example. To test the
specificity of autistic individuals’ difficulty with theory of mind (ToM), Baron-
Cohen et al. (1986) asked a group of high-functioning children and adolescents
with autism to arrange sets of pictures to conform to intentional (i.e. ToM),
behavioural, and mechanical stories, and found that the individuals with autism
were selectively impaired on the intentional stories, whereas this dissociation
was not observed in typically developing 4-year-olds and low-functioning
individuals with Down syndrome.

On the basis of this functional dissociation, Baron-Cohen et al. (1986) argued
that a specific impairment in ToM is responsible for the severe social,
communicative, and imaginative challenges that characterize autism and other
pervasive developmental disorders (for a recent description of these disorders,
see DSM-IV-TR; American Psychiatric Association, 2000). They subsequently
suggested that in the typical case, ToM is subserved by an innately specified,
domain-specific cognitive mechanism—a module (e.g. Baron-Cohen, 1994; Leslie
and Thaiss, 1992). For example, Baron-Cohen (1994) argued that ToM exhibits six
features (taken from Fodor, 1983) stipulated to be necessary and sufficient for
modularity: obligatory firing, rapid speed, dedicated neural architecture,
characteristic ontogenesis, characteristic breakdown, and domain specificity.

The modularity of perceptual systems is well established (e.g. Marr, 1982;
Fodor, 1983; Treisman and Kanwisher, 1998), but the notion of cognitive
modularity (e.g. Leslie and Thaiss, 1992; Baron-Cohen, 1994, 1995; Sperber,
1994; Atran, 1998) challenges traditional conceptions of cognitive architecture
and remains controversial (e.g. Karmiloff-Smith, 1992; Quartz and Sejnowski,
1994, 1997; Elman et al., 1996). Nonetheless, bolstered by arguments from
evolutionary psychology (e.g. Barkow et al, 1992) and reports regarding
remarkably specific consequences of neurological damage in adults (e.g.
Anderson et al.,, 1990; Damasio, 1990; Caramazza and Shelton, 1998), this
approach gained considerable attention not only in the study of autism, but also
in psychology more generally. For example, Leslie (1994) attempted to explain
infants’ understanding of physical objects (or mechanical agency) in terms of a
theory of body mechanism (ToBy); Blair (1995) suggested that psychopaths fail to
inhibit violence because they lack violence inhibition mechanisms (VIMs); and, in
addition to a ToM mechanism (ToMM), Baron-Cohen (1994) postulated the
existence of an eye direction detector (EDD), an intentionality detector (ID), and a
shared attention mechanism (SAM).

Despite this widespread interest in cognitive modularity, however, the
description of autistic behaviours in terms of a deficient ToM module can be
questioned. First, as a general methodological point, the argument for domain
specificity of deficits in ToM is weakened by the difficulty of ruling out the
possibility that some (perhaps even slightly) more general deficit can account for
poor performance on ToM tasks. Demonstrating domain specificity requires
careful cross-domain comparisons (the method of ‘fine cuts’; Frith and Happé,
1994), which in turn requires a metric for determining the intrinsic intellectual
demands of tasks in different domains. In the absence of such a metric,
researchers cannot control for domain-general reasoning requirements; they run
the risk of comparing a simple task from one domain to a more complex and
difficult task from another and, not surprisingly, finding that group differences
emerge only on the complex task.

This problem may apply to previous reports of specificity in autism (e.g.
Baron-Cohen et al., 1986; Scott and Baron-Cohen, 1996; Scott et al., 1999) because
performance on ToM tasks was compared to performance on non-ToM tasks that
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did not make equivalent intellectual demands. For example, as Baron-Cohen et al.
acknowledge, the intentional stories that they used were intrinsically more
complex than the behavioural and mechanical ones. Thus, an intentional story
such as, ‘Boy puts chocolate in box; goes out to play; mum eats chocolate; boy
sees chocolate gone,” involves several different events whereas mechanical stories
such as, ‘Rock on hilltop; rock topples; rolls down hill; knocks tree over,” or ‘Rock
on hilltop; rock topples; rolls down hill; knocks man over,” involve one (or two)
events extended over several scenes. Moreover, both the mechanical and the
behavioural stories (e.g. ‘Boy puts on trousers; then T-shirt; then shoes; is fully
dressed’) correspond to canonical scripts (Schank and Ableson, 1978) whereas all
of the intentional stories involve exceptions to such scripts.

In any case, however, Baron-Cohen et al.’s (1986) original findings regarding
the specificity of autistic individuals’ deficit in mental-state reasoning were not
replicated in several later studies (Oswald and Ollendick, 1989; Prior et al., 1990;
Ozonoff et al., 1991). For example, Oswald and Ollendick (1989) found no
differences in the Baron-Cohen et al. (1986) picture sequencing task between a
relatively low-functioning group of individuals with autism and an age- and
non-verbal-IQ-matched group of adolescents with mental retardation. Similarly,
Ozonoff et al. (1991) found no group differences on the intentional stories (i.e. the
ToM items) between a relatively large group of high-functioning individuals with
autism and a well-matched clinical comparison group that actually performed
better on each of the mechanical subtests (i.e. the physical causality items) and on
one of the two behavioural subtests.

Other reports of the specificity of deficits in autism raise similar questions. For
example, reports that individuals with autism show deficits in understanding
false beliefs but not false photographs (Leekam and Perner, 1991; Leslie and
Thaiss, 1992) may need to be re-interpreted in light of Slaughter’s (1998) more
recent finding that the false photograph task is also easier than the false belief
task for typically developing children. Scott ef al.’s (1999) finding that individuals
with autism perform relatively well on tests of counterfactual-syllogistic
reasoning is also open to question because it is unclear whether some of the
‘syllogisms’ actually required participants to integrate information provided in
the premises. For example, participants were told, ‘All bananas are pink; John is
eating a banana,’ and then asked, ‘Is the banana pink?’ To answer the test
question, participants simply had to consult the first premise; the second premise
could be ignored. Thus, the test may not assess the ability to make logical
inferences. Even more problematic is that the correct response on every trial was
“Yes,” so successful performance could be attributed to a ‘Yes’ bias, rather than to
intact counterfactual reasoning. Leevers and Harris (2000) recently demonstrated
that individuals with autism performed poorly on some of the same simple
counterfactual syllogisms when ‘No’ responses were required.

Overall, the evidence for a specific deficit in ToM in individuals with autism is
equivocal. Moreover, deficits associated with autism appear to extend beyond
ToM into other areas of cognition (e.g. Hermelin and O’Connor, 1970; Prior, 1979;
Frith, 1989; Prior and Hoffman, 1990; Ozonoff et al., 1991; Tager-Flusberg, 1991;
Hughes and Russell, 1993; McEvoy et al., 1993; Hughes et al., 1994; Frith and
Happé, 1994). In particular, individuals with autism consistently perform poorly
on tasks designed to assess executive function—the processes involved in the
control of thought and action (e.g. Hughes and Russell, 1993; Ozonoff ef al., 1991).

Based on these findings, some researchers proposed that autism involves
deficits in executive function in addition to a deficit in a ToM module (Happé and
Frith, 1995; Roth and Leslie, 1998), whereas others suggested that impairments in
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ToM derive from more general cognitive or executive impairments (e.g. Ozonoff
et al., 1991; Harris, 1993; Hughes and Russell, 1993; Frye ef al., 1995; Zelazo et al.,
1996a). According to these more domain-general views, ToM tasks are complex
social problem-solving tasks that involve several problem-solving phases (e.g.
flexible problem representation, planning, rule use) and require general
psychological processes (e.g. working memory) in addition to relevant knowl-
edge about the social or psychological domain (Zelazo et al., 1997). Limitations in
any aspect of problem solving may lead to impairments in ToM. The finding that
performance on executive-function tasks is related to performance on ToM tasks
(see Ozonoff, 1995, for a review) supports this suggestion, but further work is
required in order to determine more precisely which aspects of executive
function are implicated (cf. Griffith et al., 1999).

According to one of these more domain-general theories, the cognitive
complexity and control (CCC) theory (Frye et al., 1995; Zelazo and Frye, 1997,
1998; Frye et al., 1998), ToM is related to executive function in both typically and
atypically developing individuals because both ToM and measures of executive
function involve rule use. In particular, on this account, ToM tasks such as the
false belief task (Wimmer and Perner, 1983) require the ability to use higher order
rules to consider a perspective from which to reason before making a judgement
from that perspective. The use of a higher order, if-if-then rule allows one to
integrate two incompatible perspectives into a single system of inferences, so that
a person can say (for example), ‘I know that the chocolate is now in the green
cupboard, but if I'm asked about Maxi, then if the question is where will he look
for the chocolate, then the answer is in the blue cupboard.” According to the CCC
theory, typical and atypical development both involve domain-general changes
in the complexity of the rule systems that people are able to formulate and use.
Complexity, which is measured in terms of the number of degrees of embedding
in a system of inferences, provides a metric for making cross-domain
comparisons. The theory postulates that children first acquire the ability to use
a pair of arbitrary rules (typically around 3 years of age), and then acquire the
ability to integrate two incompatible pairs of rules into a single rule system via a
higher order rule (typically around 5 years).

The CCC theory makes specific predictions about the range of tasks on which
someone who fails certain tests of ToM will have difficulty, and these predictions
are supported by evidence from typically developing children and individuals
with Down syndrome. In an initial study with typically developing preschoolers,
Frye et al. (1995) created two tasks that assess the use of higher order rules but do
not involve the understanding of mental states. One of these tasks, a ramp task,
involves understanding of mechanical causality. In this task, children are shown a
ramp with two input holes at the top and two output holes at the bottom. A
marble inserted at the top will either roll straight down the ramp or across it,
depending on the ramp’s configuration (which is signaled by a light). In the
across configuration, children arguably need to reason as follows: ‘If the light is
on, then if the marble is inserted on the left, then it will emerge on the right.’

The other task, the dimensional change card sort (DCCS), is more recognizably
an executive function task. This task requires the use of rules to sort cards. In the
colour—shape version of the DCCS, participants are shown two target cards (e.g. a
red car and a blue flower), told two rules for separating test cards by one
dimension (e.g. ‘All the red ones go here, but all the blue ones go there.”), and
then shown test cards (e.g. red flowers and blue cars) all of which would be
sorted differently by colour or by shape. After sorting a number of cards by the
first dimension, they are told to switch and sort the cards by the other dimension.
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Frye et al. (1995) found that on these rule-use tasks, 3-year-olds were able to
reason from one perspective (i.e. they used a single pair of rules), but could not
switch to another incompatible one (i.e. they apparently failed to use a higher
order rule for integrating the two incompatible rule pairs); 4- and 5-year-olds
performed well. Analogous age-related changes were found for the standard
ToM tasks, and there were positive correlations among tasks with age partialled
out. This basic finding was replicated (Carlson and Moses, 2001; see also Perner
and Lang, 1999), and similar findings were also found among individuals with
Down syndrome, who were impaired on both ToM and rule use relative to a
mental-age matched comparison group of typically developing children (Zelazo
et al., 1996a; see also Charman et al., 1998; Yirmiya et al., 1998). These findings are
inconsistent with both (1) the claim that ToM is a domain-specific, modular
function (the specificity claim), and (2) the claim that deficits in ToM are unique
to individuals with autism (the uniqueness claim; Zelazo et al., 1996a).

OVERVIEW OF THE CURRENT STUDY

The purpose of the current study was to assess the specificity of individual
differences in ToM in individuals with autism and autism-spectrum disorders.
Twelve severely impaired (Verbal IQ [VIQ]<40) and 10 mildly impaired
(VIQ>40) individuals with autism and autism-spectrum disorders were tested
on two ToM tasks, two equally complex rule-use tasks (the ramp task and the
DCCS), and 4 discriminant tasks, including two measures of short-term memory
(the visually cued recall [VCR] task and the central-incidental memory task) and
two problem-solving tasks that did not require the use of higher order rules. One
of these problem-solving tasks, a multistep multilocation search task (Zelazo et al.,
1998), was chosen to be sensitive to individual differences in participants with
mental ages in the young preschool range (i.e. between 2 and 3 years). This task,
which can be considered a relatively difficult version of the A-not-B task (Piaget,
1954), assesses goal-directed search and requires children to remember the
location of a hidden object and use this information to govern their search for the
object despite a prepotent tendency to search where the object was found on
previous trials. The other problem-solving task, a causal reasoning task that
assessed understanding of simple mechanical transformations (Das Gupta and
Bryant, 1989), was expected to be more appropriate for participants with higher
VMAs (i.e., over 3 years). This task, as administered here, was selected to assess
the use of a single pair of rules but not higher order rules (for discussion of this
task vis-a-vis CCC theory, see Frye et al., 1996; Zelazo et al., 1996c).

Both mildly and severely impaired participants were tested in order to assess
the extent to which any findings generalized across the spectrum of intellectual
function. However, we expected that the tasks that relied heavily on verbal
instructions (especially, ToM and rule use) might be inappropriate for the
severely impaired participants (the majority of whom also had relatively low
VMAs; see Method section). For the mildly impaired participants, however, the
following predictions were made: If ToM involves modular mechanisms that are
independent of the mechanisms that mediate reasoning in other domains, then
there is no reason to expect that ToM should be related to rule use on the ramp
task and the DCCS." Alternatively, if these tasks all depend on the ability to use
higher order rules, then ToM should be related to rule use. Because the purpose
of this study was to assess whether the relations among tasks that are obtained
with typically developing children are also obtained with an atypical population
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with established impairments on ToM tasks, and not to provide a precise
characterization of autism, we did not include a comparison group. Indeed, our
purpose was not to identify autism-specific deficits. Rather, we expected that
some participants would succeed on the tasks assessing rule use and ToM, and
we needed such variation in performance in order to be able to detect possible
relations between tasks. Our expectation that some participants would succeed
on both types of task was consistent with previous research indicating that a
sizable minority of high-functioning individuals with autism with VMAs similar
to those in the current study succeed on measures of ToM (e.g. Happé, 1995).

METHOD

Participants

The participants included 37 individuals with some initial diagnosis of autism—
spectrum disorders. Fifteen of these individuals were dropped from the study
because they (a) refused to be tested on the Peabody picture vocabulary test-
revised (PPVT-R; Dunn and Dunn, 1981; n =2), (b) failed to complete the PPVT-R
(n=1), or (c) fa11ed to obtain a minimum VMA equivalent score of at least 3 years
of age (n=12).? Thus, the final group consisted of 22 participants who completed
all tasks. Eighteen of these participants had received diagnoses of autism based
on DSM-III-R (American Psychiatric Association, 1987) criteria by local
educational and/or medical teams, and 1 had received a diagnosis of pervasive
developmental disorder (PDD). The remaining three cases had not received clear
diagnoses but were suspected of having autism-spectrum disorders. (One of
these participants had also been diagnosed with attention deficit disorder with
hyperactivity, oppositional disorder, and bipolar disorder). Three of the 22
participants had seizure disorders, 1 had a respiratory disorder, and 1 had a
speech impediment.

The PPVT-R was administered to obtain an estimate of VMA. The resulting
VMA estimates were then used to obtain VIQ estimates ([Mental age/
Chronological age] * 100). Individuals with IQ scores above 70 are not typically
classified as mentally retarded; those with IQ scores between 40 and 70 are
classified as mildly or moderately retarded; and those with IQ scores below 40
are typically classified as severely or profoundly retarded (Zigler and Hodapp,
1986). Accordingly, we divided our sample into two groups—a mildly impaired
group and a severely impaired group—using a cutoff VIQ score of 40, although
all participants had a VMA of at least 3 years in both groups. Thus, our final
sample consisted of 10 mildly impaired participants (all males) and 12 severely
impaired participants (8 males and 4 females; see Table 1 for characteristics of
mildly and severely impaired participants).

Design

Participants were tested during three separate sessions lasting between 15 and
45 min. All participants received their three sessions within 35 days (M =11 days,
S§.D.=10.26 days). In Session 1, participants received the PPVT-R and a
comprehension test assessing knowledge of the various colour, shape, and size
terms that were to be used in the DCCS. Sessions 2 and 3 comprised two blocks of
tasks that were administered in a counterbalanced order (i.e. half of the
participants received the first block during Session 2). The first block included (1)
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Table 1. Characteristics of the mildly (MI; n=10) and severely impaired (SI; n=12)
participants

Group
Characteristic MI SI
Chronological age (CA; in years)
Mean 10.30 17.47
Standard deviation 3.43 6.06
Range 7.58-16.17 9.25-27.08
Verbal mental age (VMA; in years)
Mean 6.15 4.07
Standard deviation 2.79 0.67
Range 3.67-11.08 3.00-5.42
Verbal IQ (VMA/CA*100)
Mean 59.60 25.59
Standard deviation 18.51 8.14
Range 41.51-98.86 14.20-36.97

an explicit false-belief task, (2) an unexpected-contents ToM task (including
appearance-reality questions, a representational-change question, and a false-
belief question), (3) the DCCS, and (4) the ramp task. The order of tasks within
this block was counterbalanced across participants such that participants did not
receive the two ToM tasks in succession, nor did they receive each of the two rule-
use tasks in succession. Thus, eight orders of task presentation were possible for
this block of tasks, and participants were randomly assigned to one of these
orders.

The second block of tasks included: (1) the multistep multilocation search task,
(2) the visually cued recall (VCR) task, (3) a central-incidental memory task, and
(4) the causal-inference task, in addition to other tasks that will not be discussed
in this paper. The order in which these tasks were administered was determined
randomly for each participant.

Procedure

Peabody picture vocabulary test-revised (PPVT-R; Dunn and Dunn, 1981)
The PPVT-R was administered in the standard fashion (see Dunn and Dunn).

Comprehension test of colour, shape, and size terms

The inclusion of this test ensured that performance on the DCCS was not
compromised by difficulty identifying the correct cues for each dimension.
Participants’ receptive knowledge of colour, shape, and size terms was assessed
by asking them to select a card from three arrays of items representing colour,
shape, and size terms, respectively (e.g. ‘Can you give me the red one?’). Terms
that were tested included red, blue, green, and yellow for colour; car, flower, boat,
rabbit, circle, and triangle for shape; and big and small for size. All of the
participants except for one selected all colours and shapes correctly, and red and
blue cars and flowers were used in the DCCS for these participants. The
remaining participant failed to select the correct items for colour, but selected the
correct items for size. Thus, big and small cars and flowers were used in the
DCCS for this participant.
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Theory of Mind Tasks

Explicit false-belief task

In the explicit false-belief task (Wellman and Bartsch, 1988; change-of-location
paradigm), participants were told that a kitten was in one of two locations. They
were then told explicitly that a character believed that the kitten was in the other
location. While illustrating the events of the story with pictures, the experimenter
told participants,

Jane and her kitten are playing in the living room. But Jane decides that she’s tired. So
she goes into her bedroom to take a nap and leaves her kitten in the living room. While
Jane is sleeping, the kitten decides it's hungry. So it goes into the kitchen to have a
snack. Jane wakes up and wants to go find her kitten. Jane’s kitten is really in the
kitchen. Jane thinks her kitten is in the living room. Where will Jane look for her kitten?
Where is the kitten really?

Story pictures remained visible throughout the task and while participants
were asked a belief question (i.e. “Where will Jane look for her kitten?’) and a
reality question (i.e. ‘Where is the kitten really?’), the order of which was
counterbalanced across participants. They could respond either verbally or
manually, by pointing to one of the story pictures.® Performance was scored as in
Zelazo et al. (1996a). Participants received a score of 0 if they answered the reality
question incorrectly (regardless of how they did on the belief question), they
received a score of 1 if they answered only the reality question correctly, and they
received a score of 2 if they answered both questions correctly.*

Unexpected-contents theory of mind task

The questions used in this task were adapted from previous studies (e.g.
Flavell et al., 1983; Perner et al., 1987, Gopnik and Astington, 1988). A crayon box
containing sticks was used as the ‘deceptive’ item. Pictures of sticks and crayons
were first placed in front of participants so that they could respond either
verbally or by pointing to a picture. Participants were then shown the crayon box
and asked to identify it: ‘What's in the box?” The box was then opened to reveal
that it contained sticks. Participants were asked again, “‘What’s in the box?” The
box was then closed and placed out of reach, and participants were asked the
ToM questions (including false belief, representational change, and appearance-
reality) in a counterbalanced order. For the false-belief question, participants
were shown a puppet and asked, ‘I'm going to ask you a couple of questions and
Pat wants to help. Pat is seeing this box for the first time. She’s never opened up
the box and looked inside, so she’s seeing it for the very first time. What does Pat
think is in the box?’ For the representational-change questions, participants were
asked, “When I brought out this box at first, before we opened it, what did you
think was in the box?’ The order in which the appearance and reality questions
were presented was counterbalanced across participants: “What does it look like
is in the box?’ [appearance question] and ‘What's really in the box?’ [reality
question].

As with the explicit false-belief task, participants received a score of 0 if they
answered the reality question incorrectly, irrespective of how they answered the
other questions. If they answered the reality question correctly, they received a
score of 1 and one additional point for each of the other questions that they
answered correctly (i.e. false belief, representational change, and appearance).
Thus, scores on this task ranged from 0 to 4.
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Rule-Use Tasks

Dimensional change card sort (DCCS)

On the DCCS (Frye et al., 1995; Zelazo et al., 1996b), participants were shown
two target cards (i.e. a red car and a blue flower) that were affixed to one of two
sorting trays. They were then told two pre-switch rules (e.g. colour rules) for
sorting a series of test cards that all matched one target card on one dimension
and the other target card on the other dimension (i.e. test cards were blue cars
and red flowers): ‘We're going to play the colour game. In the colour game, put
all the red ones here and all the blue ones there.” The experimenter modelled two
test cards (one of each type) and then gave participants five trials with the pre-
switch pair of rules. On each trial, the experimenter repeated the rules for sorting
test cards and labeled the test card by both dimensions (e.g. ‘Here’s a red flower.
Where does it go?’). Participants received test cards in a pseudorandom order
such that no more than two test cards of the same type were presented
consecutively. Participants were not told whether or not they sorted correctly.
After this pre-switch phase, the experimenter explained the post-switch rules
(e.g. shape rules), which were presented in the same manner as the pre-switch
rules except that participants were required to sort test cards according to the
alternate dimension: ‘Now, we’re not going to play the colour game any more,
we're going to play the shape game. In the shape game, put all the cars in this box
and put all the flowers in that box.” Participants received five post-switch trials
with test cards presented in the same type of pseudorandom order used during
the pre-switch phase.

Approximately half of the participants received the colour rules first, and the
other half received the shape rules first. Performance was scored as in previous
studies (e.g. Zelazo et al., 1996a). Participants were considered to have passed a
phase if they sorted correctly on at least four of the five trials or if they sorted
correctly on the last three trials within that phase. For each phase that they
passed, they were given a score of 1. Thus, if they passed both phases (indicating
use of 2 incompatible pairs of rules) they received a score of 2, if they passed only
one phase (indicating use of a single pair of rules) they received a score of 1, and
if they failed both phases (indicating failure to use even a single pair of rules)
they received a score of 0.

Ramp task

In the ramp task (Frye et al., 1995, 1996), participants were presented with a
wooden ramp with two input holes at the top and two output holes at the
bottom. Depending on the configuration of the ramp (signaled by a light),
marbles either rolled straight down the ramp or followed diagonal paths. The
operation of the ramp was demonstrated, and participants were shown how a
marble rolled in each configuration (straight and across).

Once participants were shown how the ramp operated in both configurations
(with the post-switch rules always demonstrated first), the ramp was covered
with an opaque cover. In a pre-switch phase, the ramp was presented in one
configuration (light on or off) and participants were given five trials in which
they were asked to predict where a marble would exit at the bottom of the ramp
given a particular input hole. For example, they were told on each trial, “‘When
the light is on the marbles roll across. So if I put a marble here [pointing to one of
the input holes], where will the marble come out?’ Input holes were varied in the
same pseudorandom manner as in the DCCS. Participants were then given five
post-switch trials in which they had to make opposite predictions (i.e. the ramp
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was presented in the other configuration). Rules were repeated on each trial in
both the pre-switch and post-switch phases and participants were explicitly told
to switch between phases. Throughout the task, participants were shown two
pictures: one depicting two black parallel lines and the other depicting an ‘X’-
shaped figure. The experimenter always pointed to the relevant picture when
stating the rules (i.e. the experimenter said, “‘When the light is on, the marbles roll
across’, and pointed to the "X’). This was done to ensure that participants did not
fail because they did not understand the words ‘across’ or ‘straight’.

Approximately half of the participants received the straight rules first, whereas
the other half received the across rules first. Performance on this task was scored
in the same manner as in the DCCS. That is, participants received a score of 1 for
each phase in which they made correct predictions on at least four of the five
trials or on the last three trials. Unlike the DCCS, in which participants who use
only a single pair of rules typically fail the post-switch phase, in the ramp task,
participants often perseverate on the straight rules regardless of the order in
which they are presented (i.e. they have a pre-experimental bias to use the
straight rules). Thus, in the ramp task, it is typically the across configuration that
requires the use of a higher order rule.

Discriminant Tasks

Multistep multilocation search task

Participants were familiarized with a hiding apparatus devised by Zelazo et al.
(1998; see Figure 1). The hiding apparatus consisted of a 55cmx60 cmx30cm
wooden box with a removable top and a side door through which the
experimenter could hide rewards (e.g. cereal, chocolate, or a sticker). An opaque
front door could be raised to reveal the contents of the apparatus, or it could be
lowered (to within 3 cm of the base of the box) to conceal them. A transparent
plexiglass front door was also employed. Unlike the opaque door, this door could
be lowered completely thus preventing participants from reaching during hiding.

Figure 1. Participants” view of the multistep multilocation hiding apparatus after the foam
barrier has been removed and the tray has been pulled out.
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On the base of the box was a sliding tray that extended to a maximum of 20 cm
from the door. When fully extended, this tray exposed five equidistant velcro
swatches to which cardboard symbols (about 2cm®) could be affixed. The
swatches were separated by 10 cm. Each symbol was connected by a 45 cm string
to a transparent plastic bag. The bags were placed in the back of the box and were
used to contain the rewards. A 50cmx10cmx7 cm foam barrier was placed in
front of the tray during hiding.

In a warm-up phase, only one hiding location (the centre) was used, and
participants were taught the steps for retrieving the reward: They were shown
that to retrieve the reward, they needed to remove the foam barrier, pull out the
tray, and pull on the string to obtain a reward. Once participants could correctly
retrieve the reward in the warm-up phase, they received the task proper, which
involved the same retrieval processes as in the warm-up phase except that five
potential hiding locations instead of one were used. The reward was
conspicuously hidden at one of the locations (except for the centre location;
Location 1), which was randomly determined for each participant. Participants
were asked to search for the reward. After they successfully retrieved the reward
on five consecutive trials at Location 1, the reward was conspicuously hidden at
one of the three remaining locations (Location 2), which was also randomly
determined. Participants searched at Location 2 until they successfully retrieved
the reward at that location. Dependent measures included the number of trials
that participants required in order to search correctly on five consecutive trials at
Location 1 (the minimum possible score was 5) and the number of trials
participants required to search correctly at Location 2 (the minimum score was 1).
In both cases, fewer trials indicated better performance.

Visually cued recall (VCR) task

On this new memory-span task, the experimenter introduced participants to a
puppet (‘Pat’) and presented them with 10 different 3x4 arrays of 12 pictures,
one at a time. The experimenter showed participants the first array and said:

This is my friend Pat. Pat likes certain things very much. I'm going to show you
pictures of things that Pat likes and when I finish showing you pictures of things that
she likes, I want you to point to them for me. But you can only point to things that Pat
likes. OK? See, on this poster, Pat likes the tricycle [simultaneously pointing to the
item]. Can you point to the one that Pat likes?

On the next array, the experimenter pointed to two items and required that
participants point to both (pointing in the same serial order was not required).
On each subsequent trial, a new array was presented and participants were
required to remember one more item than in the preceding array. The task was
discontinued when participants failed two consecutive trials (or when they
reached a maximum of 10 items). The arrays were presented in the same order,
and the items that were selected by the experimenter were the same for all
participants. Scores on this task consisted of the number of items that participants
identified on their last correct trial (i.e. Trial 10 or the trial that immediately
preceded the two consecutive incorrect trials).

Central-incidental memory task
This task, adapted from Hagen (1967) and Burack and Zigler (1990), had
two components, a central-memory component and an incidental-memory
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component. The central-memory component assessed short-term memory for
target items, and performance on this component reflected appropriate selective
attention. In contrast, the incidental-memory component assessed memory for
incidental items. In the central-memory component, participants were presented
with five cards, each of which included a picture of an animal and a picture of a
food item (i.e. rabbit—cheese, horse—ice cream cone, bird—carrot, cow—crackers,
and dog-apple). The experimenter told participants to pay attention only to the
pictures of the animals and then asked them to name each of the animals (only). If
participants did not produce a unique label for each animal, the experimenter
told them a label and a short description of the animal.

On each trial, two to five cards were placed face down side-by-side in front of
participants and each was briefly turned over one at a time and then placed face
down again. Participants were then shown a picture of a target animal and asked
to find the upside-down card that included that target animal. Participants first
received two practice trials with only two cards (the target and one distracter
card). On each of these practice trials, the experimenter provided participants
with feedback on their performance, and the trials were repeated if participants
failed to find the target item on that trial. The experimenter then administered
three test trials, each with two, three, and four distracters present (i.e. a total of
nine trials). Participants’ score on this component of the task was based on the
total number of test trials on which they responded correctly.

When the central-memory component of the task was completed, the
experimenter presented the incidental-memory component. In this component,
participants were shown cards that contained only pictures of the animals that
appeared in the central-memory component. They were then presented 10
pictures of food items (5 that appeared in the central-memory component and 5
new items) and asked to match each food item with the animal with which it was
paired in the central-memory component. Scores on the incidental-memory
component consisted of the number of correct matches.

Causal-inference task

In this task, adapted from Das Gupta and Bryant (1989), participants were
shown an array of five pictures. Two pictures were isolated from the other three
pictures. These two pictures depicted the same item in two different states. For
example, one pair of pictures consisted of a blank piece of paper and a piece of
paper with writing on it. Participants were asked to consider the other three
pictures (e.g. matches, pencil, and telephone) and select the object that most likely
caused the first picture (i.e. the blank piece of paper) to become like the second
(i.e. the piece of paper with writing). The experimenter said, ‘What did I use in
these three pictures down here to make that piece of paper [the experimenter
pointed to the first picture in the pair] become like that piece of paper [the
experimenter pointed to the second picture in the pair]? What did I use in these
three pictures?’

Participants were administered one demonstration trial and five test trials (the
test trials were presented in a random order to each participant). On four of the
trials (including the demonstration trial), participants were required to find an
object that changed the item from being in its canonical state to being in a non-
canonical state (e.g. the blank piece of paper to the paper with writing). On the
two remaining trials, the transformation occurred from a non-canonical to a
canonical state (e.g. lighted candle to unlighted candle, for which participants
had to select among a blow dryer, scissors, and keys). Scores on this task
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consisted of the number of trials on which participants correctly identified the
causal object.

Scoring

Performance was scored by a secondary experimenter who was present during
testing. In order to ensure scoring reliability, the primary experimenter rescored
all tasks from videotape. However, due to the inaccessibility of videotape
equipment at certain testing locations, 8 participants were not videotaped.

RESULTS

To obtain reliable estimates of performance on the rule-use and ToM tasks,
composite scores were derived for both types of task. As mentioned previously,
on both the DCCS and the ramp task, participants were given a score of 1 for any
phase that they passed; otherwise they were given a score of 0. Each of these
tasks included two phases (a pre- and post-switch phase), so participants could
receive scores of 0, 1, or 2 on each task. Thus, the rule-use composite scores
ranged from 0 to 4. ToM composite scores were based on the explicit false-belief
task and the unexpected-contents ToM task, and ranged from 0 to 6. The overall
correlation between the two rule-use tasks was, r=0.55, p<0.01, and the
correlation between the two ToM tasks was r=0.43, p <0.05.

Preliminary Analyses

Descriptive statistics for all measures were examined in order to assess whether
the measures were suitable for both mildly and severely impaired participants.
Separate t tests and Fy,.x tests were computed for all measures to determine
whether there were any group (mildly impaired vs severely impaired)
differences and to determine whether there were any ceiling or floor effects for
either group on any measure. As can be seen in Table 2, the means or standard
deviations of each group differed significantly from each other on most measures
(except for the central-memory component of the central-incidental memory
task). Moreover, the mildly impaired participants had larger mean scores and
larger standard deviations than the severely impaired group on most measures
(i.e. the rule-use composite, the ToM composite, the VCR, the central- and
incidental-memory components of the central-incidental memory task, and the
causal-inference task) because the severely impaired group’s scores tended to be
restricted toward the lower end of the possible scores (see the ranges in Table 2
for each group as a function of measure). The only measures on which the
severely impaired group had larger mean scores and larger standard deviations
than the mildly impaired group were search at Location 1 and search at Location
2 on the multistep multilocation search task (where lower scores were indicative
of better performance). On these two measures, the mildly impaired group
generally required fewer trials to find the hidden object at both locations. Thus, in
this instance, the mildly impaired group performed near ceiling, whereas the
severely impaired group did not perform near floor.

Preliminary analyses also revealed a main effect of phase on the DCCS, F(1,
19)=114, p<0.005, indicating that participants performed better on the pre-
switch phase than on the post-switch phase. (Only 21 participants were included
in this analysis because one participant received size rules rather than colour
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Table 2. Descriptive statistics for mildly (MI) and severely impaired (SI) participants,
including means, standard deviations, ranges, and group mean and variance differences

Measure Mean Standard  Range T-test value T-test prob. F,,,, prob.
deviation

Theory of mind composite (min=0, max=6)

MI 2.50 1.72 0-5 1.80 0.09 1.88 0.32

SI 1.36 1.25 0-3

Rule-use composite (min=0, max=4)

MI 3.00 0.94 2-4 2.75 0.01** 1.10 0.87

SI 1.92 0.90 1-4

Multistep multilocation search task (Loc. 1) (min=5, max=20)

MI 5.10 0.32 5-6 -1.25 0.23 31.14 0.001**
SI 5.75 1.76 5-11

Multistep multilocation search task (Loc. 2) (min=1, max=10)

MI 1.10 0.32 1-2 -1.25 0.23 31.14 0.001**
SI 1.75 1.76 1-7

Visually Cued Recall Task (min=0, max=10)

MI 4.30 241 1-9 2.25 0.04* 1.39 0.59

SI 2.17 2.04 0-6

Central-memory component (min=0, max=9)

MI 5.90 2.51 2-9 1.51 0.15 1.88 0.32

SI 4.50 1.83 2-8

Incidental-memory component (min=0, max=5)

MI 1.60 2.07 0-5 1.35 0.20 7.04 0.003**
SI 0.67 0.78 0-2

Causal-inference task (min=0, max=5)

MI 3.40 1.51 1-5 2.35 0.03* 2.58 0.14

SI 217 0.94 14

Note. The minimum (min) and maximum (max) scores that could be obtained on a given
measure appear in parentheses after the name of each measure. The degrees of freedom for the ¢
tests were 20. For the Fy, test, they were 9 and 11. However, for measures with significant Fuax
values, t-test values and degrees of freedom corrected for unequal variances were used for
testing differences between means.

*p<0.05**p<0.01.

rules; see Procedure). There was no effect of the order in which rule pairs (colour
or shape) were presented on this task, and order did not interact with phase. In
contrast, on the ramp task, there was no effect of phase and no effect of order, but
there was an interaction between phase and order, F(1, 20)=12.5, p<0.005,
indicating that participants performed better with the straight rules than the
across rules regardless of the order in which these rules were presented.

Correlations Among Tasks

We predicted that performance on non-mentalistic rule-use tasks (i.e. the DCCS
and the ramp task) would be related to performance on ToM tasks (i.e. the
explicit false-belief task and the unexpected-contents ToM task), whereas
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Table 3. Correlations for mildly impaired participants

VMA CA VIQ ToM Rule VCR CENT INCI
VMA —
CA 0.80** —
VIQ 0.59 0.01
ToM 0.50 0.38 0.24 — —
Rule 0.58 0.32 0.48 0.82%*  —
VCR 0.34 -0.12 0.75*% 0.23 0.59 —
CENT 0.08 —0.30 0.49 —0.06 0.37 0.69* —
INCI 0.24 0.28 —0.02 0.19 0.29 0.05 0.31 —
CAUSAL 0.84* 0.70** 0.56 0.34 0.47 0.48 0.07 0.34

Note. Correlations were not calculated for the multistep multilocation search task for the mildly
impaired participants because only 1 participant required more than 5 trials at Location 1, and
only 1 (other) participant required more than 1 trial to search correctly at Location 2.
VMA-=verbal mental age; CA=chronological age; VIQ=verbal I1Q; ToM=composite score for ToM
tasks; Rule=composite score for rule-use tasks; VCR=score on the Visually Cued Recall task;
CENT=score on central-memory component of the central-incidental memory task; INCI=score
on incidental-memory component of the central-incidental memory task; CAUSAL=score on the
causal-inference task.

*p<0.05; **p<0.01.

Table 4. Correlations for severely impaired participants

VMA CA VIQ ToM Rule Loc.l1 Loc2 VCR CENT INCI

VMA —

CA 0.35 —

VIQ 004 089" —

ToM —0.05 0.21 -0.29 —

Rule 002 —-0.58 0.64* —0.40 —

Loc.1 —-044 -0.08 -0.20 044 —041 —
Loc.2 -047 -014 -0.13 053 041 0.97% —

VCR 007 -0.14 0.01 -0.19 0.16 001 -011 —
CENT -0.02 052 —0.61* 018 -030 -0.07 -0.07 022 —
INCI 0.24 0.41 —0.38 017  —-0.56 007 007 -025 032 —

CAUSAL 0.03 —0.03 007 044 045 —-041 -041 -0.02 032 0.08

Note. VMA = verbal mental age; CA = chronological age; VIQ = verbal IQ; ToM = composite score
for ToM tasks; Rule = composite score for rule-use tasks; Loc. 1 =number of trials to criterion for
Location 1 on the multistep multilocation search task; Loc. 2 =number of trials to criterion for
Location 2 on the multistep multilocation search task; VCR =score on the Visually Cued Recall
task; CENT =score on central-memory component of the central-incidental memory task;
INCI=score on incidental-memory component of the central-incidental memory task;
CAUSAL =score on the causal-inference task.

*p<0.05; **p <0.01.

performance on discriminant tasks (i.e. the multistep multilocation search task,
the VCR, the central-incidental memory task, and the causal-inference task)
would not be related to performance on ToM. The overall correlation across all
participants between the ToM composite and the rule-use composite was not
significant, r=0.40, p<0.07, although it approached significance. However,
because of the apparent floor performance of the severely impaired group on the
rule-use and ToM tasks, it is more appropriate to calculate correlations separately
for the mildly and severely impaired groups.
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Table 5. Verbal mental age (VMA) and chronological age (CA) and composite scores on
the theory of mind (ToM) and rule-use (Rule) tasks for each participant by group

Participants VMA CA Rule ToM
Mildly impaired participants
1 3.67 8.42 2 0
2 6.50 13.67 2 1
3 3.75 8.25 2 1
4 4.00 7.58 2 3
5 7.83 7.92 3 1
6 4.08 9.83 3 2
7 417 8.00 4 4
8 6.00 7.67 4 4
9 11.08 15.50 4 4
10 10.42 16.17 4 5
Severely impaired participants
1 3.42 24.08 1 0
2 4.17 27.08 1 2
3 5.42 25.50 1 2.33%
4 3.00 12.50 1 3
5 4.67 14.83 2 0
6 3.42 9.25 2 0
7 4.50 18.75 2 1
8 4.58 18.92 2 1
9 4.17 11.67 2 3
10 3.58 21.67 2 3
11 3.75 14.00 3 1
12 4.17 11.42 4 0

Note. The possible values for the rule-use composite ranged from 0 to 4, whereas those for the
ToM composite ranged from 0 to 6.

“This participant refused to answer the false-belief question in the unexpected-contents ToM task.
Thus, an average score out of 4 was derived on the basis of the participant’s performance out of 3 on
the unexpected-contents ToM task.

Accordingly, the results of the correlational analyses are presented separately
in Tables 3 and 4 for the mildly and severely impaired groups, respectively. For
the mildly impaired participants, performance on the rule-use tasks was
significantly related to performance on ToM tasks, r=0.82, p<0.01,° and as
predicted, no other measures correlated with performance on ToM tasks.®
Additionally, performance on the VCR correlated with both VIQ (r=0.75,
p<0.05) and the central-memory component of the central-incidental memory
task (r=0.69, p<0.05), and performance on the causal inference task correlated
with both VMA (r=0.84, p <0.05) and chronological age (r=0.70, p<0.01).

For the severely impaired part1c1pants, rule use did not correlate with the ToM
composite (r=—0.40, p>0.10), likely as a result of the restricted range of scores
for this group (see Table 5, which presents the rule-use and ToM composites for
individual participants in each group). Instead, for this group, performance on
rule use tasks correlated with VIQ (r=0.64, p<0.05). Moreover, VIQ was
negatively related to both chronological age (r=—0.89, p<0.01) and the central
component of the central-incidental memory task (r=-0.61, p<0.05). Finally,
search at Location 1 on the multistep multilocation search task was highly related
to search at Location 2 (r=0.97, p<0.01).
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DISCUSSION

In the present study, we assessed the domain specificity of individual differences
in ToM in people with autism-spectrum disorders by comparing performance on
ToM tasks to performance on two rule-use tasks that do not involve reasoning
about mental states, but are correlated with ToM in typically developing
preschoolers (Frye et al., 1995). One of these tasks, the ramp task, required
participants to reason about mechanical causation, whereas the other task, the
DCCS, required them to appreciate and act upon a stipulated behavioural
regularity. The CCC theory provided a complexity metric for selecting these two
tasks, and hence, for making these cross-domain comparisons. A series of
discriminant tasks was also administered. These tasks assessed various aspects of
cognitive function (short-term memory, goal-directed search, causal reasoning),
but unlike the ToM tasks and the rule-use tasks, they were not designed to
involve the use of higher order rules to integrate two pairs of incompatible rules.

Preliminary analyses revealed that most of the tasks were too difficult for the
severely impaired participants; floor effects were found for ToM, rule use, and
several of the discriminant tasks. Not surprisingly, given these floor effects, ToM
was unrelated to rule use in this group. The task that best captured meaningful
individual variation in the severely impaired participants was the multistep
multilocation search task: for the severely impaired participants, performance on
the pre-switch phase of this task was highly related to performance on the post-
switch phase. The multistep multilocation search task was too easy for the mildly
impaired participants (80% of whom performed at ceiling), but most of the other
tasks were developmentally appropriate for this group. In this group, the
correlation between ToM and rule use was high. Performance on the discriminant
tasks was unrelated to ToM or to rule use in this group, although performance on
the VCR was related to performance on the central-memory component of the
central-incidental memory task.

It remains unclear whether the severely impaired participants performed more
poorly on most tasks because of their lower VIQ or because of their lower VMA.
A greater percentage of severely impaired than mildly impaired participants had
VMAs between 3 and 4 years of age (42% vs 20%), and typically developing 3-
year-olds perform more poorly on rule use and ToM tasks than 4-year-olds.
However, low VIQ might lead to cognitive impairments in and of itself. For
example, for a given VMA, individuals with autism with lower VIQs will be
older than their counterparts with higher VIQs, introducing the possibility of
cohort effects (e.g. poorer services, greater probability of being institutionalized,
etc.). In addition, measures of MA may be less reliable indices of level of function
among individuals with low 1Qs (Zelazo et al., 1996a; Charman et al., 1998). In any
case, future research needs to be conducted with lower functioning individuals to
determine whether low IQ leads to deficits above and beyond those attributable
to VMA (Zelazo et al., 2001).

Previous demonstrations of the specificity of ToM in individuals with autism
were based on differential patterns of success and failure on tasks that differed
not only in content domain (e.g. ToM vs mechanical causality), but also in
complexity. By treating participant group as an independent variable (though it is
really a correlate), researchers demonstrated what is effectively a single
functional dissociation: Autism affects one task, ToM, but not another (e.g.
sequencing of pictures according to a mechanical story). However, the limitations
of this approach are well known: single functional dissociations cannot support
inferences regarding the independence of functional processes (Dunn and
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Kirsner, 1988). By using a complexity metric to select two non-ToM rule use tasks
(i.e. the DCCS and the ramp task) hypothesized to make equivalent intellectual
demands, we were able to take a different approach and provide a relatively
sensitive test of the specificity of ToM. Because these tasks and the ToM tasks
were chosen to be equally difficult—both formally and empirically in typically
developing children—they arguably differed only in content. Moreover, instead
of attempting to determine whether individuals with autism showed a pattern of
specific impairments (e.g. impairments in ToM but not rule use), we took an
individual-differences approach (which would not be informed by the presence
of a comparison group). As individuals with autism are impaired on ToM (e.g.
Baron-Cohen et al., 1985), the question we posed was whether or not this
impairment was related to other aspects of cognitive and executive function.

The finding that performance on ToM and rule use tasks are correlated for the
mildly impaired individuals challenges the hypothesis of a domain-specific,
modular impairment in ToM, and it adds to previous reports that performance on
ToM is related to tasks assessing executive function (e.g. Frye et al., 1995; Hughes,
1998; see Perner and Lang, 1999, for a review). Various explanations of the
relation between executive function and ToM have now been proposed. Whereas
some authors (e.g. Ozonoff ef al., 1991; Russell et al., 1991; Hughes, 1998) suggest
that poor performance on ToM tasks can be attributed to failures of executive
function, or related aspects of cognition such as working memory (e.g. Gordon
and Olson, 1998), others (e.g. Perner et al., 1999) suggest that ToM is required for
the control of action.

The CCC theory integrates these two approaches, and provides a relatively
precise explanation of this integration. On this account, poor performance on
ToM tasks can be attributed to failures of executive function because ToM can be
considered an example of executive function in a particular content domain
(Zelazo and Mueller, in press). Moreover, ToM is required for executive function
insofar as ToM involves reflection on one’s own mental states (Frye and Zelazo,
in press). Performance on particular measures of executive function will be
related in both typically and atypically developing individuals when they require
rule use of comparable complexity. The particular measures of executive function
(including, on this account, ToM) that 3-year-olds find difficult are those that
require the use of a higher order rule to integrate two incompatible perspectives
into a single system of inferences. This system of inferences allows one first to
select a perspective and then to make a judgment from that perspective. For
example, in a representational change task (Gopnik and Astington, 1988), one
must be able to reason flexibly about one’s own past knowledge vis-a-vis one’s
appraisal of the current situation. To do so, one must say something like: ‘“There
are sticks in the box, not crayons, but I'm being asked about before I saw that, so
the answer is crayons, not sticks.” That is, one must formulate rules in natural
language (based on both the task demands and one’s knowledge about behaviour
and mental states) that allow one to access and focus on particular pieces of
knowledge at the time of responding. In contrast to typically developing 5-year-
olds, 3-year-olds and individuals with autism may perform poorly on these ToM
tasks because they are unable to integrate the incompatible perspectives into a
higher order rule that allows them to select the appropriate perspective from
which to reason. Failure to consider the perspective as well as the type of
judgement will result in perseveration on the more salient perspective.

The results of the current study suggest that ToM is indeed related to these
measures of rule use in a group of mildly impaired individuals with autism-
spectrum disorders. Because the results are correlational, they are open to a
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variety of interpretations. Performance on ToM may depend on executive
function as assessed by the measures of rule use (e.g. Ozonoff et al., 1991; Russell
et al., 1991; Hughes, 1998), ToM may be required for performance on the
measures of rule use (e.g. Perner ef al., 1999), or performance on both ToM and
rule use may depend on common aspects of cognitive function, such as working
memory (e.g. Gordon and Olson, 1998), counterfactual reasoning (e.g. Riggs and
Peterson, 2000), spontaneous generativity (e.g. Peterson and Bowler, 2000), or
relational complexity (Halford et al., 1998). Our own favoured interpretation,
however, is that important changes in rule use, including the acquisition of the
ability to use a higher order rule, underlie performance in a variety of domains
even in atypical development (see Zelazo and Jacques, 1996, for a review). This
approach characterizes the underlying cognitive processes involved in perfor-
mance on ToM tasks, but it does not discount the importance of domain-specific
knowledge. Rather, the ability to use higher order rules is taken to be necessary,
but not sufficient, for reasoning about conflicting epistemic states. In addition to
rule use, these tasks require general knowledge about the mind in order to
support the ad hoc inferences demanded by the task. In cases of atypical
development, opportunities for acquiring domain-specific knowledge may be
limited, and the lag between the acquisition of underlying reasoning skills and
the ability to apply them in any particular domain (e.g. ToM) may be relatively
pronounced (Hodapp and Burack, 1990).

The CCC approach is not without its critics. Perner (2000; see also Perner et al.,
1999), for example, suggests that the rules identified in our analysis of ToM
performance ‘cannot be the rules that children bring to bear on the task, because
these rules could only be known after a practice run or as a result of the child
having figured out the problem’ (p. 382). Our claim, however, is not that people
must learn these rules, but that they must formulate these rules in an ad hoc
fashion—basically, they need to talk their way through the problem in a way that
allows them to access the appropriate piece of knowledge. Developmental
constraints on the complexity of one’s rule formulations determine task difficulty.

Another objection to CCC theory concerns the apparently arbitrary way in
which task complexity is analyzed. Perner (2000) provides an alternative analysis
of the false belief task according to which it requires a simple pair of rules, rather
than a higher order rule for integrating two incompatible pairs of rules. It should
be noted, however, that CCC theory does not attempt to provide a logically
necessary analysis of the false belief task. Instead, it generates an empirical
hypothesis regarding the reasoning processes that underlie performance on the
task. Any given 2-choice discrimination, including the false belief task (i.e. false
belief response vs reality response), is amenable to analysis in terms of a simple
pair of rules. However, the CCC theory holds that the psychological perspectives
identified in this task (i.e. the child’s correct perspective vs the other person’s
false perspective) serve naturally as setting conditions for a higher order rule.
Thus, the empirical claim is that when solving the task, one first determines from
which perspective to reason, and then determines which judgement to make
from that perspective. This claim receives empirical support from the current
findings, as well as findings from previous research (e.g. see Frye et al., 1998).

The current findings should be treated as preliminary, however, as they are
based on a relatively small sample. Although the findings from the mildly
impaired group were not compromised by floor and ceiling effects, the findings
from the severely impaired group were. Accordingly, the current study raises
important questions concerning the role of cognitive complexity in both typical
and atypical development, but future research with a larger sample size,
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additional measures, and participants with a wider range of intellectual function,
will be required to answer these questions.

CONCLUSION

An assumption of domain specificity invites psychologists to fractionate the field
and misconstrue cognitive constructs by considering them outside of the broader
context of reasoning and action (Jacques and Zelazo, 1994). This tendency, in
turn, may lead to a proliferation of narrow explanations that could obscure the
psychological similarities across a range of situations. Because CCC theory
provides a metric for comparing performance on tasks from different domains, it
permits a legitimate test of the specificity claim regarding autism and ToM. The
results of this test challenge the notion of a domain-specific impairment in ToM
in individuals with autism, and instead indicate that poor performance on ToM
in these individuals can be attributed to a more general difficulty—potentially
that of using higher order rules in order to integrate two incompatible
perspectives into one rule system. Further research is still necessary, but the
current findings encourage us to consider both typical and atypical cognitive
development as a complex epigenetic process involving domain general changes
in addition to the acquisition of specific knowledge.
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Notes

1. A similar point holds for the ‘theory theory,” which predicts that ‘individual
children’s progress in one domain will be quite independent from their
progress in another’ (Gopnik and Wellman, 1994, p. 287).

2. This cutoff was designed to ensure that participants understood the basic task
instructions. Use of this cutoff also served to eliminate participants who were
simply unable or unwilling to respond by pointing to the experimenter’s
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questions, thereby reducing the risk that a participant would perform poorly
on the other tasks because of a pre-existing difficulty in pointing.

3. On all tasks, it was possible for participants to answer questions either
verbally or non-verbally. Most participants tended to answer verbally on most
tasks, although they sometimes responded non-verbally. However, there was
one mute participant who answered all questions non-verbally. In addition, for
the ToM and rule-use tasks, if participants failed to respond on a test question,
the question was repeated in a forced-choice manner (e.g. “‘Where is the kitten
really, in the living room or in the kitchen?’).

4. Some researchers opt to exclude data from participants who fail the reality
question. However, although most participants fail ToM tasks by reporting
current reality (i.e. a realist bias), studies that analyse data from both questions
(e.g. Charman et al., 1998; Frye et al., 1995; Zelazo et al., 1996) show that some
children fail the tasks by making phenomenist errors on reality questions.
Excluding children who err on the reality question leads to an overestimation
of the prevalence of a reality bias. It also eliminates those children who by
chance get the reality question correct and the ToM question wrong, which
seems to assume that participants could only fail the ToM question because of
poor reasoning about mental states (i.e. that the ToM question is a pure
measure of mental state understanding).

5. The correlation between ToM and rule-use composites remains high if we
assign scores of zero to participants who failed the reality question, and give
participants who passed the reality question one point for each mental state
question passed (r=0.78, p <0.01). Moreover, the correlation does not change if
we include only those participants with a clear diagnosis (i.e. using data from
9 of the 10 mildly impaired participants; r=0.80, p<0.01).

6. Each of the rule-use measures was significantly correlated with the ToM
composite for the mildly impaired group (r=0.80, p<0.01, for the DCCS;
r=0.68, p<0.05, for the ramp task). Likewise, performance on both the
unexpected-contents ToM tasks and the explicit false-belief task was
significantly correlated with performance on the rule-use composite (r=0.79,
p<0.01, for the unexpected-contents ToM tasks; r=0.62, p<0.06, for the
explicit false-belief task).

7. As was the case for the mildly impaired group, the correlation between rule-
use and ToM performance does not change when we assign scores of zero to
participants who failed the reality question, and give participants who passed
the reality question one point for each mental state question passed, r=—0.40,
p>0.10, or when only those participants with clear diagnoses are included
(n=10), r=-0.33, p>0.10.
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