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Introduction: Autism and Theory of Mind 

1)rpical development serves as a standard that can be used to assess the occurrence 
and severity ofdeviance and delay in various atypical populations. In turn, the study 
of atypical development informs our understanding of typical development-for 
example, by allowing researchers to identify necessary relations among cognitive 
structures (Cicchetti, 1984; Hodapp & Burack. 1990). One area that well illus
trates the mutually beneficial nature of the typical-atypical relation is research on 
theory ofmind-the ability to attribute mental states to oneself and to others (e.g., 
Astington, 1993). In a seminal article. Baron-Cohen. Leslie, and Frith (1985) 
reported that high-functioning individuals with autism performed worse than did 
mental-age-matched individuals with Down Syndrome on a test of theory of 
mind. A subsequent study (Baron-Cohen, Leslie, & Frith, 1986) reported that the 
same individuals with autism were impaired on theory-of-mind tasks but not on 
other types of task. such as a mechanical (physical) causality task in which rea
soning about mental states was not required. 
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Based on these and other findings (see Baron-Cohen, 2000. for a review), two 
claims have been made regarding the nature of autism (e.g., by Baron-Cohen, 
1995; Frith, Morton, & Leslie, 1991). The first claim, referred to as the 
Specificity Claim, is that autism involves a domain-specific deficit in theory of 
mind. The second claim, called the Uniqueness Claim, is that this deficit is unique 
to individuals with autism and hence is able to account for the social and com
municative impairments associated with autism. These claims are important 
because they offer a characterization of autism that points toward a particular eti
ology. That is, if true. they imply that the symptoms of autism result from a fail
ure to develop a theory of mind. In addition, these claims have broad implications 
regarding the general nature of human cognitive architecture and its develop
ment. For example, they imply that under normal circumstances, theory of mind 
is a domain-specific and potentially dissociable (Le., independent) cognitive 
function. Moreover. because autism appears to be a neurological disorder with a 
genetic basis (e.g., Bailey et al., 1995), these claims suggest that theory of mind 
is innate and has a dedicated neurological locus. Thus, the Specificity and 
Uniqueness claims, if true, provide prima facie support for the modularity 
approach to theory of mind (e.g., Baron-Cohen, 1995; Leslie, 1991), and for mod
ularity theory (e.g., Fodor, 1983), more generally. 

According to Fodor (1983), some aspects of human cognitive architecture are 
modular-that is, some cognitive functions are accomplished by mental modules. 
A mental module is an information-processing device that accepts a specific type 
of information as its input and processes this information in isolation from the 
rest of the cognitive system. The visual system provides a good example; its mod
ularity is indicated by optical illusions, which tend to be unaffected by general 
knowledge (e.g., knowledge that a particular illusion is an illusion). Fodor argues 
that mental modules are characterized by domain specificity, informational 
encapsulation, obligatory firing, shallow outputs, rapid speed, inaccessibility to 
consciousness, a characteristic ontogenetic course, a dedicated neural architec
ture, and a characteristic pattern of breakdown. Baron-Cohen (1994) argues that 
theory of mind exhibits six of these criteria (domain specificity, obligatory firing, 
rapid speed, a characteristic ontogenetic course, a dedicated neural architecture, 
and a characteristic pattern of breakdown). and suggests that the remaining crite
ria are really neither necessary nor sufficient for modularity. 

Perhaps emboldened by evidence that seems to support the Specificity and 
Uniqueness Claims, researchers have since postulated the existence of numerous 
other cognitive modules in addition to a theory-of-mind module. Baron-Cohen 
(1994; 1995), for example, describes an Intentionality Detector (ID) that reads 
stimuli in terms of volition. an Eye-Direction Detector (EDD) that detects the pres
ence of eyes. and a Shared Attention Mechanism (SAM) that identifies joint
attention behavior. Similarly, Leslie (1994) suggests that children's understanding 
of physical causality has its basis in the growth of a Theory of Body mechanism 
(ToBY). and Blair (1995) proposes that individuals who are psychopathic fail to 

inhibit violence because they have defective Violence Inhibition Mechanisms 
(VIMs). As Tooby and Cosmides note in their introduction to Baron-Cohen's 
(1995) book, "On this view, our cognitive architecture resembles a confederation 
of hundreds or thousands of functionally dedicated computers (often called mod
ules) designed to solve adaptive problems endemic to our hunter gatherer ances
tors. Each of these devices has its own agenda and imposes its own exotic 
organization on different fragments of the world" (p. xiv). 

The idea of modularity as proposed by Fodor (1983) and employed (in modi
fied form) by Baron-Cohen (1994) stands in sharp contrast to traditional devel
opmental theories, which describe the acquisition (and refinement) of cognitive 
structures that operate across broad domains of knowledge (e.g., Piaget, 1970; 
Werner, 1957). However, most contemporary cognitive developmental theories 
(e.g., Case & Okamoto, 1996; Elman. Bates, Johnson, Karmiloff-Smith, & 
Plunkett, 1996; Halford, Wilson, & Phillips, 1998; Fischer, 1980; Frye, Zelazo, & 
Burack, 1998; Zelazo & Frye, 1998) represent some degree of synthesis between 
traditional domain-general accounts of development and the idea of modularity. 
These theories tend to emphasize complex developmental interactions between 
relatively general cognitive skills (such as reasoning and problem solving) and 
the acquisition of knowledge about particular topics. In contrast to the broad 
developmental reorganizations predicted by traditional theories or the cross
domain variability predicted by modularity theory, these theories predict coher
ence across different domains of knowledge along with developmental 
unevenness. 

A number of these interactionist approaches to cognitive development have 
been used to explain the development of theory of mind, and several other pro
posed accounts of theory of mind are generally consistent with the interactionist 
perspective. For example, Russell, Hughes, and colleagues (e.g., Hughes & 
Russell, 1993; Russell, Mauthner, Sharpe, & Tidswell, 1991) proposed that the
ory of mind (or at least performance on theory-of-mind tasks) depends in part on 
inhibitory control, or the ability to disengage from salient aspects of a situation. 
Pennington, Ozonoff, and colleagues (e.g., Bennetto, Pennington, & Rogers, 
1996; Ozonoff, 1997; Ozonoff, Pennington, & Rogers, 1991; Pennington, 1994; 
Pennington et al., 1997) offered similar proposals, although they have empha
sized the importance of memory (especially working memory) as opposed to 
inhibition. Working memory also figures promin€<ntly in Olson's (Gordon & 
Olson, 1998; Olson, 1993) and Halford's (Halford, Wilson, & Phillips, 1998) 
accounts of theory of mind, both of which view the growth of memory as a pre
requisite for the ability to consider multiple representations or relations simulta
neously (see also Flavell, 1988). 

Clearly, the picture of human cognitive architecture and its development that 
is provided by these interactionist theories differs markedly from that provided by 
modularity theory. The two types of theory also provide markedly different char
acterizations of autism-characterizations with important implications for 
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etiology and, perhaps, intervention. Thus, in addition to providing an important 
test case that allows us to distinguish between these two approaches, a careful 
consideration of the evidence for the Specificity and Uniqueness claims about 
theory of mind in autism will constrain speculation regarding the etiology of 
autism and related disorders. 

In this chapter, we review and evaluate arguments for modularity in the context 
of neuropsychological theory and the broader field of developmental psycho
pathology, and assess evidence for the Specificity and Uniqueness claims regard
ing theory of mind and autism. Because evidence for the Specificity and 
Uniqueness claims is found to be wanting, we review evidence for domain-general 
cognitive impairments in autism (in particular, executive-function impairments) 
and describe an alternative framework for conceptualizing typical and atypical 
development-the Cognitive Complexity and Control (Ccq theory (e.g., Frye et 
al., 1998; Frye, Zelazo, & Palfai, 1995; Zelazo, P. D., & Frye, 1997, 1998). 

Arguments Used in Support of Modularity 

Although Fodor (1983) argued that modules are key components of human cog
nitive architecture, he maintained that they are not the only ones. Indeed, he 
claimed that if modules exist, then there must also be central processes that oper
ate across these modules. Normally, then, these central processes correspond to 
higher level cognitive functions. Not all higher level cognitive functions are 
accomplished by central processes, however. For example. Fodor (1992) expects 
that theory of mind" ... is, essentially, an innate, modularized database" (p. 284). 
The proposal that modularity might characterize higher level cognitive processes 
is certainly plausible, but in the end, it is an empirical claim. We now turn to a 
brief consideration of relevant empirical findings from neuropsychology and 
developmental psychopathology. 

Neuropsychological Evidence. Semantic memory is a 
prime example of a higher level function, and research on the consequences of 
focal brain lesions has revealed numerous domain-specific cognitive impairments 
in semantic memory (e.g., Schechter, 1953; Warrington, 1975; Warrington & 
Shallice, 1984). For example, Shelton. Fouch, and Caramazza (1998) reported a 
case study of a woman with neurological damage who had preserved ability to 
comprehend and produce names of body parts despite widespread impairments in 
the naming and comprehension of other semantic categories. The presence of 
domain-specific impairments (animal words vs. tool words; body parts vs. other 
categories) clearly indicates that certain very similar skills are dissociable in 
human adults, and it appears to indicate that these skills are organized according 
to content domains-at both the psychological and the neurological levels. These 
impairments are thought to suggest that the skills in question correspond to 
domain-specific, modular functions (e.g .• Caramazza & Shelton, 1998). Thus, 
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different, independent neurological mechanisms are inferred to be prededicated 
to processing information about the different content domains. 

However, this inference is problematic in the absence of additional evidence 
for modularity. Goldberg (1995) notes that some category-specific effects may 
arise from damage to graded, distributed representations (cf. Munakata, 
McClelland, Johnson, & Seigler, 1997). Representations of items from some cat
egories are likely to be more multimodal than items from other categories, and 
consequently more robust in the face of neurological insult. For example, because 
function is the defining dimension of artifacts (such as tools), people's represen
tations of artifacts likely involve somatosensory and motor information in addi
tion to visual information. Representations of natural kinds, on the other hand, are 
less likely to include somatosensory and motor information. Goldberg suggests 
that the relatively multimodal nature of artifact representations may explain why 
names of natural kinds such as animate objects are relatively vulnerable to dis
ruption in anomias or agnosias (e.g., Warrington & Shallke, 1984). 

Goldberg (1995) also notes that some degree of neurocognitive localization 
may be an emergent property of an interactive self-organizing functional system
in other words, it may correspond to emergent modularization rather than to mod
ularity (cf. Johnson, 1999; Karmiloff-Smith, 1992; Moscovitch & Ulmita, 1990). 
Elman et at. (1996) suggest that neural plasticity during brain development sup
ports this possibility. In nonhuman animals, changing the sensory input to special
ized areas of the brain early in development can change the eventual specialization 
of those areas. Similarly, in human beings, significant recovery of function can 
occur after cortical damage, especially when the trauma occurs early in life. This 
plasticity is difficult to explain if the functions are innate and their neurological 
localization is predetermined. Elman et at. also review demonstrations from con
nectionist modeling showing that it is possible for specialized processing to 
emerge from initially undifferentiated networks. These demonstrations. together 
with the evidence regarding plasticity, show that emergent modularization rather 
than modularity could be responsible for specialized and localized processing in 
adult cognition. 

To the extent that particular functions are located in similar brain areas under 
normal circumstances (Le., in cases of typical development), it is reasonable to con
clude that certain developmental outcomes are more likely than others. However, 
instead of being inevitable, these outcomes may simply be the likely consequences 
of interactions between environmental input and constraints imposed by the devel
oping organism itself (Johnson. 1999). Indeed, according to Goldberg (1995), the 
notion of an interactive self-organizing functional cortical system makes sense both 
neuroanatomically and evolutionarily. Goldberg (1995) writes: 

Throughout evolution, the emphasis has shifted from the brain invested with rigid, 
fixed functions (thalamus) to the brain capable of flexible adaptation (cortex). The 
advent of neocortex may have represented an evolutionary repudiation of strong 



201 

··~'''''I< 


200 ZELAZO ET AL. 

modularity as the dominant principle of neural organization, and a shift toward a 
more interactive principle of neural organization dominated by emergent properties 
(p.203). 

In any case, however, evidence of psychological and neurological specializa
tion in adults does not imply modularity-does not imply the existence of innate 
neurological structures dedicated to the processing of information about particu
lar topics. 

Unevenness in Atypical Development. Prima facie 
support for modularity also Comes from research on atypical populations. which 
are often characterized by uneven profiles of cognitive strengths and weaknesses 
(e.g.• Burack, 1997; Hodapp & Burack. 1990). For example, people with 
Williams syndrome exhibit better performance on tests of language processing 
than they do on tests of other skills, such as nonverbal cognition (e.g., Bellugi, 
Wang, & Jernigan, 1994; though see Karmiloff-Smith et aI., 1998, for limitations 
of syntactic skill in Williams syndrome). Because these profiles reveal differ
ences in performance across different areas of functioning. they might be taken 
as evidence of the existence of modules. 

Such patterns can also be considered within the context of an organismic 
developmental framework, however. For example, Cicchetti and his colleagues 
(e.g., Cicchetti & Pogge-Hesse, 1982; Cicchetti & Sroufe, 1978) suggested that 
the uneven patterns of development evident in atypical populations reveal the 
limits to which certain developmental links might be stretched, but still be main
tained, within an organized developing system. From this perspective, different 
areas of functioning can be interrelated even when developmental profiles are 
uneven, because the variability across areas is still subject to the organizational 
principles of the overarching developmental system (Burack, 1997; Cicchetti & 
Pogge-Hesse, 1982). 

Both the principles that link different areas of function and the areas them
selves may be different from those that are typically identified in contemporary 
developmental research. For example, Hodapp and colleagues (e.g., Hodapp & 
Zigler. 1995) describe local homologies of shared origin (Bates, Benigni, 
Bretherton, Camaioni, & Volterra, 1979), which involve two or more behaviors 
that share a single underlying scheme or cognitive function and, consequently, are 
subject to developmental changes that occur relatively synchronously. Consistent 
with this framework, the development of means~nd behaviors with objects is 
related to early intentional communication in typically developing children as 
well as in children with autism and children with mental retardation (Hodapp & 
Zigler. 1995). Similarly, changes in level of early language (one-word sentences 
to multiword utterances) are associated with changes in symbolic play (single
schemed play to multi schemed play) in all three groups (Hodapp & Zigler, 1995). 
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Within this framework, domain-general deficits that occur early in life can 
result in severe disturbances in apparently distinct aspects of behavior years later .. 
Sometimes this outcome occurs because simple skills become hierarchically inte
grated into more complex skills. For example, problems in attention in early 
childhood are related to later impairments in social skills such as the ability to 
modulate behaviors with regard to peers' activities and adult demands (Coldren 
& Corradetti, 1997). However, all skills. regardless of complexity, are assumed to 
interrelate in complicated ways during the course of development, with the con
sequence that level of impairment at one point in time may not be proportional to 
level of impairment at a later point in time. 

This framework, according to which (a) development is constrained by orga
nizational principles, (b) there are interactions among many influences on devel
opment, and (c) there are complex interactions in development among different 
aspects of psychological function, allows us to understand how difficulty in one 
area of function can lead not only to difficulty in other areas, but also, occasion
ally, to strengths (Happe, 1996, 1999. chap. 12, this volume; Mottron & Burack. 
chap. 7, this volume). 

TWO General Questions Concerning 
Modular Human Cognitive Architecture 

Modules are by definition domain specific because they respond only to a certain 
class of inputs and not to other types of input (e.g., Fodor, 1983). However, there 
is currently no consensus regarding the definition of a domain (Hirschfeld & 
Gelman, 1994), and it is often unclear how to establish the domain specificity of 
a putative module. For example, Maratsos (1992) suggests that" '" a domain 
means any organized content area in which one might imagine or propose there 
being innate. specific distinctive mechanisms of ideas" (p. 4). In contrast, 
Hirschfeld and Gelman (1994) define a domain as "a body of knowledge that 
identifies and interprets a class of phenomena assumed to share certain properties 
and to be of a distinct and general type" (p. 21). According to the latter definition, 
a domain corresponds to knowledge, whereas according to the former definition, 
it corresponds to an object of knowledge (a "content area"). These definitions are 
pretheoretical-referring as they do to a content area that one "might imagine" to 
have certain properties and to knowledge that one "assumes" to share such 
properties-and they leave several questions unanswered. For example, how 
many domains exist? And, are there domains within domains? (e.g., Is syntax a 
separate domain within the domain of language? Is physical causation a domain 
within the domain of causal phenomena?). 

In the absence of answers, modularity theory would appear to be stopped at 
the start by an inability to provide a precise definition of its subject matter. Taking 
an evolutionary perspective promises to shed light on this problem by grounding 
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definitions of domains in specific adaptive problems (Cosmides & Tooby, 1994). 
However, a good deal of uncertainty is likely to remain. For example, in a list of 
domain-specific adaptive problems that human beings allegedly faced in the 
course of evolution, Cosmides and Tooby (1994) include "allocating effort 
between activities." In what sense is this domain specific? 

Even in cases where domains can be reasonably well specified, however, 
researchers often fail to establish that information about that domain is'processed by 
a module. For example, Baron-Cohen (1994, 1995) attempts to show that ID and 
EDD (both components of a larger modular "mindreading" system) meet the crite
ria for modularity, but in attempting to do so, he conflates the specificity of a domain 
with the domain specificity of his mechanism. Thus, as evidence that his putative 
modules exhibit domain specificity, Baron-Cohen (1994) writes that "stimuli with 
direction, and self-propelling stimuli, appear to be a reasonably well-defined 
domain" (sect. 1.1) and that, '~ye-like stimuli certainly constitute a well
defined domain" (sect. 2.1). Quite apart from the fact that such assertions are 
pretheoretical in the sense just described, they are completely inadequate to 
establish the domain specificity of a mechanism. As Jacques and Zelazo (1994) 
point out, the ease of defining a particular domain is irrelevant to whether that 
domain is processed by a specific or general mechanism. Instead, it is necessary 
to establish whether or not a mechanism responds exclusively to a specific class 
of input, and this is far more difficult to do. 

Modularity and Theory of Mind: A Critical 
Look at the Evidence for the Specificity 
and Uniqueness Claims 

Leaving aside the theoretical difficulties surrounding claims about modularity in 
general, and bearing in mind the fact there is little direct evidence for the modular
ity of higher level cognitive processes, we now turn to the empirical evidence for 
the Specificity and Uniqueness claims regarding theory of mind and autism. This 
evidence is the basis of arguments for the modularity of theory of mind in autism. 

Baron-Cohen et al. (1985) found that, unlike typically developing 5-year-old 
children and children with Down syndrome, relatively high-functioning individu
als with autism failed to attribute a false belief to a protagonist. Similarly, Baron
Cohen et al. (1986) determined that these individuals with autism performed as 
well as, or better than, individuals with Down syndrome and normal preschoolers 
on causal mechanical or behavioral picture-sequencing tasks, but worse on 
sequences in which they were required to ascribe intentional states to a protago
nist. More recently, Scott and Baron-Cohen (1996) reported that children with 
autism performed comparably to typically developing children and children with 
mental retardation on tests of transitive inference and analogical reasoning, but 
performed significantly worse on a false-belief task. Scott, Baron-Cohen, and 

Leslie (1999) extended these findings to include a test of counterfactual reasoning, 
with and without prompts to pretend, and found that in the absence of pretense 
prompts, individuals with autism performed well relative to control participants. 
Finally, Leekam and Perner (1991) established that children with autism, but not 
typically developing children, performed worse on a false-belief task than on a 
false-photograph task, which requires reasoning about outdated physical represen
tations, but not mental representations. This basic pattern was also found by Leslie 
and Thaiss (1992) and by Charman and Baron-Cohen (1992,1995). 

At first glance, these findings appear to provide support for both the 
Specificity and the Uniqueness claims, and consequently, for the hypothesis that 
individuals with autism have an impaired theory-of-mind module. However, this 
interpretation can be questioned for several reasons. For example, Baron-Cohen 
et al. (1985) only assessed theory of mind, so the group differences may be attrib
uted to more general cognitive deficits that lead to difficulty on theory of mind. 
In other words, this finding on its own does not provide evidence of specificity, 
although it does speak to the issue of uniqueness insofar as there was no differ
ence between the individuals with Down syndrome and the typically developing 
children (see Charman & Lynggaard, 1998, for discussion). However, this latter 
aspect of the results was not supported in subsequent studies. Consistent with the 
results of a comprehensive meta-analysis (Yirmiya, Erel. Shaked, & Solomonica
Levi, 1998), children with mental retardation also exhibit deficits in theory of 
mind relative to their mental age (e.g., Benson, Abbeduto, Short, Nuccio, & 
Mass, 1993; Charman & Lynggaard, 1998; Yirmiya, Solomonica-Levi, Shulman, 
& Pilowsky, 1996; Zelazo, Burack, Benedetto, & Frye, 1996), although these 
deficits appear to be less severe than among individuals with autism (Yirmiya et 
aI., 1998). 

The claim that deficits in theory of mind are domain specific (Baron-Cohen et 
aI., 1986) also has not been supported by subsequent empirical research. Oswald 
and Ollendick (1989) found no differences in the Baron-Cohen et aL (1986) 
picture-sequencing task when they compared a relatively low-functioning group 
of individuals with autism to an age- and nonverbal-IQ-matched group of men
tally retarded adolescents. Similarly, Ozonoff et al. (1991) found no group differ
ences on the intentional subtest (i.e., the theory-of-mind items) in a study with a 
relatively large group of high-functioning individuals with autism who were com
pared to a well-matched clinical control group. However, the comparison group 
performed better on each of the mechanical subtests (i.e., the physical causality 
items) and on one of the two behavioral subtests. 

A primary premise in the assessment of claims regarding cross-domain differ
ences in performance is that the tasks test different abilities but are of the same 
underlying complexity. Failure to meet this assumption is problematic because 
performance on complex tasks may be more sensitive to disruption for several 
reasons. At a minimum, these reasons include the fact that simpler behaviors are 
more likely to be automatized, complex behaviors comprise multiple simple 
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behaviors and consequently provide more opportunities for performance to break 
down, and complex or difficult tasks are more likely to elicit overwhelming stress 
(perhaps especially in individuals with autism; see Rogers, Zelazo, Mendelson, & 
Rotsztein, 1998). Thus, the failure to account explicitly for complexity across 
tasks in various studies cited in support of specific deficits in mental-state under
standing (Baron-Cohen et al., 1986; Russell, Saltmarsh, & Hill, 1999; Scott & 
Baron-Cohen, 1996; Scott et aI., 1999) considerably weakens any arguments for 
domain specificity and modularity (for a more complete review of these issues, 
see P. D. Zelazo, Burack, Frye, Boseovski, & Jacques, 2(00). Moreover, there is 
a growing corpus of positive evidence-both from typically developing and 
autistic individuals-that performance across domains relies on shared psycho
logical processes. 

Evidence for Domain-General Cognitive 

Impairments in Autism: lbward a 

Characterization of Executive Function 

and its Cognitive Basis 


Individuals with autism show marked impairments (relative to mental age and to 
various comparison groups) on a wide variety of measures of executive function 
(e.g., Ozonoff et aI., 1991; Prior, 1984; Prior & Hoffman, 1990; Rumsey, 1985; 
see Ozonoff, 1997, for a review). For example, Ozonoff et al. (1991) found that 
people with autism performed worse than a clinical comparison group on the 
Tower of Hanoi and the Wisconsin Card Sorting Test (WCST) (Grant & Berg, 
1948). Additionally, performance on these measures was correlated with per
formance on several measures of theory of mind. Russell et al. (1991) also found 
correlations between performance on a theory-of-mind task and performance on 
a deception task that could be construed as a measure of executive function (see 
Hughes & Russell, 1993, and Hughes, chap. 13, this volume, for similar findings). 
Russell et al. (1991) suggested that the behavior of the children with autism on 
this task and on measures of theory of mind could be explained by a failure to 
inhibit prepotent response tendencies. 

Tests of executive function typically involve competition among different 
underlying processes, one of which is correct and one of which is prepotent, so 
that failures of executive function at all ages are often manifested as persevera
tion. Perseveration appears to prOVide an informative window on executive func
tion, but there is debate concerning what difficulties in executive function are 
implicated. At first glance, it may seem that perseveration must result from a lack 
of inhibition. Perseveration simply means that a behavior is emitted that should 
have been inhibited, so in one sense this is true. However, when invoking inhibi
tion, researchers usually also mean that a person is unable to suppress prepotent 
response tendencies or otherwise resist interference because of an immature, 
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inefficient, or damaged inhibition mechanism (presumably the person tries to 
inhibit, but fails; his or her inhibition mechanism is too weak). That is, poor 
inhibitory control is attributed to a weak inhibitory control mechanism. 

On its own, however, and without substantial specification, the construct of 
inhibition is too simple to account for perseveration in different situations at dif
ferent ages. For example, why do 3-year-olds perseverate in Russell et ai. 's 
(1991) windows task but not in the A-not-B task? Is it because the former requires 
more inhibition? Obviously, such a suggestion lacks predictive utility. Addi
tionally, the construct of inhibition seems too simple to capture the full range of 
executive-function phenomena (Stuss, Eskes, & Foster, 1994). In contrast to the 
construct of inhibition, however, many definitions of executive function are per
haps too complex; these definitions often amount to partially overlapping lists of 
tasks that appear to be sensitive to damage of prefrontal cortex. 

In our own attempt to make sense of the construct (p. D. Zelazo, Carter, 
Reznick, & Frye, 1997), we took seriously the suggestion (from Luria) that exec
utive function is a function, the outcome of which is deliberate problem solving. 
The term "function" is used here to refer to a complex, hierarchically organized 
activity with a constant outcome. In the case of executive function, the outcome 
is deliberate problem solving, so we can identify temporally and functionally dis
tinct phases of problem solving and show how they contribute to that outcome 
(see Fig. 10.1). 

For example, in the WCST, participants are shown four target cards that vary 
along three dimensions (color, shape, and number), and participants are required 
to discover how to sort test cards that vary along the same three dimensions. On 

Problem Representation 

,
[-me ._J 

1 


Execution: 

IntendinglRule Use , 
Evaluation: 

Error Detection/Correction 


FIG. 10.1. A problem-solving framework that identifies four temporally 
distinct phases of executive function. 
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each trial, participants are informed whether or not they sorted correctly. After 
correctly sorting 10 cards, the sorting rule is changed. In this task, one must first 
construct a representation of the problem space, which includes identifying the 
relevant dimensions. Then, one must choose a promising plan-for example, 
sorting according to shape. After selecting a plan, one must (a) keep the plan in 
mind long enough for it to guide one's thought or action, and (b) actually carry 
out the prescribed behavior. Keeping a plan in mind to control behavior is 
referred to as intending; translating a plan into action is rule use. Finally, after act
ing, one must evaluate one's behavior, which includes both error detection and 
error correction. 

According to this framework, inflexibility can occur at each phase so there are 
several possible explanations of perseverative performance on the WCST -and 
on global executive-function tasks more generally. For example, perseveration 
could occur after a rule change in the WCST either because a new plan was not 
formed or because the plan was formed but not carried out. Although the frame
work does not explain executive function, it does allow us to ask more precisely 
when in the process of problem solving performance breaks down. In addition, 
the framework accomplishes the following: (a) it clarifies the way in which 
diverse aspects of executive function work together to fulfil the higher order 
function of problem solving, (b) it avoids conceptualizing executive function as 
a homuncular ability, (c) it suggests relatively well-defined measures ofexecutive 
function (e.g., measures of rule use for which problem representation, planning, 
and evaluation are not required), and (d) it permits the formulation of specific 
hypotheses regarding the role of basic cognitive processes (e.g., working mem
ory) in different aspects of executive function. 

Of course, knowledge is also required to solve any particular problem. If a 
problem pertains to physical causality, then some knowledge about mechanics 
may be needed. Similarly, if a problem pertains to human behavior (e.g., if one 
wants to determine where someone will look for an object), then mental state con
cepts will perhaps be useful. Nonetheless, the actual use of mental state concepts 
to solve a problem about human behavior just is executive function qua problem 
solving. Thus, an adequate explication of theory of mind will depend on an ade
quate explication ofexecutive function, and a developmental theory of the former 
topic will require a developmental theory of the latter. 

In our research, we have studied the circumstances in which children at dif
ferent ages are susceptible to perseveration and we have designed tasks in refer
ence to the problem-solving framework. This approach has allowed us to chart 
the development of executive function and to begin to reveal the way in which 
basic cognitive processes are normally orchestrated in order to fulfill the higher 
order function of problem solving. The results of our research suggest that this 
orchestration is made possible in part by age-related changes in awareness and in 
the complexity of children's plans. This work, in turn, has informed our thinking 
about the cognitive impairments associated with autism. 

10. COGNITIVE COMPLEXITY AND CONTROL 

cognitive Complexity and Control Theory 

According to the Cognitive Complexity and Control (CCC) theory (Frye et aI., 
1995; Zelazo & Frye, 1997), a number of major developmental transitions are 
evident in the complexity of children's conscious plans. Children's plans, which 
are necessarily conditional (P. D. Zelazo & Jacques, 1996), are assumed to corre
spond literally to r~les, in potentially silent self-directed speech, linking 
antecedent conditions to consequences, as when we tell ourselves, "If I see a 
mailbox, then I need to mail this letter." Age-related changes in rule complexity 
can, in tum, be attributed to age-related changes in the degree to which children 
can reflect on the contents of consciousness (e.g., see Zelazo, 1999; Zelazo & 
Zelazo, 1998). Thus, when children reflect on the rules they represent, they are 
able to consider them in contradistinction to other rules and embed them under 
higher order rules. This accomplishment can be compared to saying, "If it is 
before 5 p.m., then if I see a mailbox, I need to mail this letter (otherwise, I'll 
have to go directly to the post office)." A simple conditional statement regarding 
the mailbox is made dependent on the satisfaction of yet another condition 
(namely, the time). 

The tree-structure in Fig. 10.2 illustrates the way in which one rule can be 
embedded under another and controlled by it. A rule such as A, which indicates 
that consequent 1 (c l ) should follow antecedent 1 (a l ) is incompatible with rule 
C, which connects a l to c • Rule A is embedded under, and controlled by, a higher 2
order rule (rule E) that can be used to select rules A and B, as opposed to rules C 
and D. To deliberate between rules C and D, on the one hand, and rules A and B, 
on the other, children need to be aware of the fact that they know both pairs of 
rules. Thus, increases in self reflection on lower order rules are logically required 
for increases in embedding to occur. These increases in embedding provide a met
ric for measuring the degree of complexity of the entire rule system that needs to 
be kept in mind to perform particular tasks. 

For each developmental transition, a general process is recapitulated. 
Specifically, a conscious rule at a particular level of complexity is acquired, and 
this rule permits children to exercise a new degree of control over their environ
ment and behavior. However, the use of this rule is subject to limitations that can
not be overcome until yet another level of complexity is achieved. 

The limitations, and their implications for the development of executive func
tion, can be seen in a wide range of situations, but they are perhaps most clearly 
illustrated by typically developing 3-year-olds' performance on the dimensional 
change card sort (DCCS; see Fig. 10.3). In the DCCS, children are shown two tar
get cards, each of which is affixed to a sorting tray, and they are asked to sort a 
series of test cards into the trays according to one dimension (e.g., for color, they 
are told, "Put the blue ones here; put the red ones there."). Then, after sorting sev
eral cards, they are told to stop playing the first game and switch to another game 
(e.g., shape, for which they are told, "Put the flowers here; put the boats there."). 
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FIG. 10.2. Hierarchical tree structure depicting formal relations among 
rules. (Note: Sj and 52 =setting conditions; a j and a2 =antecedent condi
tiOns; C j and c2 = consequences). 

THEN cl cZ 

Target Cards .~ 
Test Cards 

~ ..' ... 
FIG. 10.3. Stimuli trom the dimensional change card sort in which chil
dren are first told to sort test cards with target cards according to one 
dimension (e.g.. color) and then told to sort test cards according to the 
other dimension (e.g.. shape). 

Regardless of which dimension is presented first, 3-year-olds typically continue 
to sort the cards by that dimension despite being told the new rules on every trial 
and despite having sorted cards by the new dimension on other occasions (e.g., 
Frye et aI., 1995). 

In terms of the tree structure in Fig. 10.2, rule A might be, "If it's red, put it 
here," and rule B might be, "If blue ... there." To sort by color. children would 
need to reflect on rule A and contrast it with rule B. According to the CCC the
ory, 2-year-olds only represent a single rule at a time (e.g., "If red ... here"). By 3 
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years, children can easily consider a pair of rules simultaneously ("If red ... here; 
if blue ... there"). However, it is not until 5 years of age that children typically 
represent a higher order rule (such as E) that allows them to select between two 
different pairs of rules ("If we're playing color, then if red ... here, ifblue ... there, 
but if we're playing shape, then if boats ... here, if flowers ... there"). 

Zelazo, Frye, and Rapus (1996) asked 3-year-olds who had been sorting by 
one dimension to switch and start sorting by the other dimension. As usual, the 
majority of children perseverated and continued to sort by the first dimension. 
These children were then asked questions to determine whether they understood 
what they were supposed to be doing. For example, children who were supposed 
to be sorting by shape were asked, "Where do the boats go in the shape game? 
And where do the rabbits go?" Almost invariably, children answered these 
knowledge questions correctly, pOinting to the correct box. Nonetheless, when 
the children were told to go ahead and sort the cards according to these rules 
("Okay, good, now play the shape game: Where does this rabbit go?"), nearly all 
of them perseverated, sorting by color. The children answered an explicit ques
tion about the new rules, showing that they knew these rules, but then they imme
diately persisted in using the old ones. 

According to the CCC theory, these kinds of abulic dissociations-that is, dis
sociations between having knowledge and actually using that knowledge-occur 
until incompatible pieces of knowledge are integrated into a single-rule system 
via their subordination to a new higher order structure. Three-year-olds know the 
first pair of rules, and they know the second pair of rules, but they have difficulty 
"stepping back" from their knowledge and reflecting on the rule pairs and their 
relation (Zelazo & Frye, 1997). As a result, the pair that they select is determined 
by relatively local considerations, such as the way in which the question is asked 
or the way in which they have approached the situation in the past. 

Because the CCC framework provides a metric for comparing performance on 
tasks from different domains of function, it can be applied in a straightforward 
manner to theory of mind. To succeed on the theory-of-mind tasks that 3-year
olds find difficult, children must reason from two different, incompatible per
spectives. For example, in a representational-change task (Gopnik & Astington. 
1988), children must be able to reason flexibly about their own past knowledge 
vis-a-vis their appraisal of the current situation. To do so. they must say some
thing 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, children must for
mulate rules in natural language (based on both their knowledge and the task 
demands) that allow them to access and focus on particular pieces of knowledge 
at the time of responding. In contrast to typically developing 5-year-olds, 3-year
oids and children with autism may perform poorly on these theory-of-mind 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. 
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If the CCC theory is correct. then one would expect performance on theory of 
mind to be related to performance on a comparable measure of rule use that did 
not involve reasoning about mental states. To test this prediction. Frye et al. 
(1995. Exp. 2) compared 3- to 5-year-olds' performance on the DCCS with their 
perfonnance on several measures of theory of mind. As predicted, individual chil
dren's performance on the two tasks was related even when age was partialled 
out. Subsequent research has replicated and extended this finding (see Perner & 
Lang. 1999, for review). 

Applying eee Theory to Atypical populations. 
The CCC theory also provides a useful way for thinking about the cognitive dif
ficulties associated with autism and other developmental disabilities. Together 
with the Levels of Consciousness model (e.g., Zelazo & Zelazo. 1998), CCC the
ory identifies three key dimensions of cognitive development: consciousness. 
rule complexity, and behavioral control. Age-related changes in reflective con
sciousness permit the forniulation and use of increasingly complex rule struc
tures, which in turn permit increased behavioral flexibility and control. These 
dimensions of development are equally important in cases of typical and atypical 
development, and they serve as an important index of developmental level. 
Autism is likely a neurological disorder with a (complex) genetic basis (e.g .• 
Bailey et aI.. 1995; Szatmari. Jones, Zwaigenbaum, & MacLean. 1998), and it is 
clearly different from other developmental disorders. Nonetheless, from the per
spective of CCC theory. any developmental disorder (Le.• any perturbation of the 
epigenetic process) will likely lead to disturbances along each of the three key 
developmental dimensions. 

Characterizing the phenotypic commonalities among developmental disorders 
is just as important as determining what makes different disorders unique. From 
the perspective of CCC theory, many different developmental disorders, includ
ing mental retardation, will lead to disturbances in consciousness. rule complex
ity. and behavioral control. By most estimates. about 75% of individuals with 
autism have IQs below 70 (e.g., DeMyer et aI., 1974). Moreover, among individ
uals with autism, verbal IQ is a strong predictor of level of function (e.g .• Happe, 
1995) and prognosis (e.g .• Gillberg, 1991). However, as Bailey et al. (1995) note, 
most psychological theories of autism have ignored this association with mental 
retardation on the assumption that "because mental retardation is not specific to 
autism. it does not require explanation" (p. 92). Although it is possible that men
tal retardation is an independent consequence of whatever insult causes autism, it 
is also possible that mental retardation is intrinsic to the disorder.These distur
bances will, in turn, lead to deficits in executive function and lowered IQ. Indeed. 
autism may cause a normal distribution of IQ to be shifted downward. with the 
result that about 75% of the distribution falls below the cutoff for retardation (Le., 
below an IQ score of 70). If this is the case, then an adequate characterization of 
autism must include an account of the consequences of autism for general 
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intelligence, as well as an account of the way in which low IQ interacts with other 
aspects of autism. In any event, however, one cannot simply ignore the large 
majority of individuals with autism who have IQs below 70. 

Although characterizing the phenotypic commonalities among developmental 
disorders is important, CCC theory also proves useful in determining what makes 
different disorders unique; because differences among developmental disorders 
can be considered within the problem-solving framework of executive function 
rather than in terms of a global construct of executive function. From this per
spective. different disorders may be associated with difficulties in different basic 
cognitive processes (e.g., working memory, attention). and consequently associ
ated with different patterns of strengths and weaknesses in specific phases of 
executive function. 

Finally, because CCC theory provides a metric for comparing performance on 
tasks from different domains, it allows for a legitimate test of the Specificity and 
Uniqueness claims regarding autism and theory of mind. For example. Zelazo. 
Burack et al. (1996) assessed performance on theory of mind. and performance 
on the DCCS among groups of typically developing 5-year-olds and low
functioning adults with Down syndrome matched on mental age (mean MA was 
5.1 years). Whereas the majority of 5-year-olds passed both sets of tasks. partic
ipants with Down syndrome were only able to sort correctly on the first dimen
sion in the DCCS. and the majority of them also failed the theory-of-mind tasks. 
Moreover, performance on the two types of tasks was highly correlated. These 
findings are important for two reasons. First. as noted earlier. these findings con
tradict the Uniqueness Claim because people with Down syndrome clearly had 
difficulty on the theory-of-mind tasks. Second, these findings contradict the 
hypothesis that performance in these different domains is independent (i.e .• the 
Specificity Claim). 

Recently. P. D. Zelazo, Jacques. Burack. & Frye (2000) conducted a similar 
study with individuals with autism. A battery of tasks. including (among other 
tasks) two rule-use tasks (the DCCS and a ramp task), and two standard theory
of-mind tasks (an explicit false-belief task and an unexpected contents false
belief task). was administered to high- and low-functioning people with autism. 
The low-functioning group performed near floor on most tasks, so not surpris
ingly. their performance on the theory-of-mind tasks was not related to perform
ance on the rule-use tasks when verbal mental age was partialled out. However, 
among high-functioning individuals. the correlation between rule use and theory 
of mind was very high (r;: .76). This finding challenges the notion of a domain
specific impairment in theory of mind in people with autism. Instead. poor per
formance on theory-of-mind and other tasks of similar structure can be attributed 
to a more general difficulty-such as a difficulty using higher order rules in order 
to integrate two incompatible perspectives into one rule system. 

These studies provide evidence for the suggestion that domain-general mech
anisms underlie the development of a theory of mind. and that these mechanisms 
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are impaired in at least two different kinds of developmental disorder. These 
results suggest that the impairment of theory of mind is neither unique nor spe
cific to people with autism. When tasks of equivalent levels of complexity are 
compared, people with autism display multifaceted deficits in reasoning and 
problem solving (see also Yirmiya & Shulman, 1996; Yirmiya et aI., 1996). 
Mental-state reasoning, as well as causal reasoning and executive function more 
generally, are likely to emerge within a broader context in which individuals 
come to use higher order rules in order to integrate incompatible perspectives into 
a complex rule system. Failure to succeed on all of these tasks, as seen in young 
preschoolers and some people with atypical development, may result from an 
inability to represent a higher order rule that allows individuals to select the 
appropriate condition from which to reason. In general, this approach moves us 
away from the simplicity of modularity theory and considers cognitive develop
ment as a complex epigenetic process. In this respect, it has much in common 
with the organismic approaches to developmental psychopathology described 
earlier (e.g., Cicchetti & Pogge-Hesse, 1982; Zigler, 1969). 

Conclusion 

We question theoretical arguments for the modularity of higher level cognitive 
processes, and for the modularity of theory of mind in individuals with autism. 
Support for the Specificity and Uniqueness claims regarding autism and theory of 
mind is inconclusive at best. People with autism experience difficulties in numer
ous areas besides theory of mind, including (among others) rule use on the DCCS 
(Zelazo et aI., 2000), reasoning about physical causality (Zelazo et aI., 2000), 
seriation and conservation (Yirmiya & Shulman, 1996), and executive function 
more generally (Ozonoff et aI., 1991). Moreover, other atypical populations, such 
as people with Down syndrome and mental retardation, also show deficits in the
ory of mind (e.g., Yrrmiya et al., 1998). 

We propose that deficits in theory of mind in people with autism can be best 
understood in terms of a (relatively) domain-general developmental framework 
that identifies three key dimensions of cognitive development: consciousness, 
rule complexity, and behavioral control. These dimensions of development are 
equally important in cases of typical and atypical development, and they serve as 
an important index of developmental level. According to this approach, success 
on tests of false belief requires the ability to use rule systems at a particular level 
of complexity. Support for this proposal is evidenced among typically developing 
children, individuals with Down syndrome, and high-functioning individuals 
with autism. Cognitive Complexity and Control theory is also useful in identify
ing differences among developmental disorders as they can be considered within 
the problem-solving framework of executive function, rather than in terms of a 
global construct of executive function. Thus, different disorders may be associ
ated with difficulties in different basic cognitive processes, and consequently 
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associated with different patterns of strengths and weaknesses in specific phases 
of executive function. 

From this perspective, interventions for a variety of disorders might be based 
on techniques that foster the development of executive function, and more pre
cisely, the development of self-reflection and rule complexity. Preliminary work 
with typically developing preschoolers (Dowsett & Livesay, 2000) has yielded 
positive results and encourages further research with clinical groups. 
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