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Abstract 

 

This paper critically examines Apperly and Butterfill’s parallel ‘two systems’ theory 

of mindreading and argues instead for a cooperative multi-systems architecture. The 

minimal mindreading system (system 1) described by Butterfill and Apperly is unable 

to explain the flexibility of infant belief representation or fast and efficient 

mindreading in adults, and there are strong reasons for thinking that infant belief 

representation depends on executive cognition and general semantic memory. We 

propose that schemas, causal representation and mental models help to explain the 

representational flexibility of infant mindreading and give an alternative interpretation 

of evidence that has been taken to show automatic, fast and efficient belief 

representation in adults. 

 

 

Highlights 

• We argue that Butterfill and Apperly’s minimal mindreading account fails to 

explain the flexibility of infant mindreading. 

• A cooperative multi-system architecture can better explain the flexibility of infant 

mindreading than a parallel two systems architecture. 

• Schemas, causal representation and mental models can help to explain the 

representational flexibility of efficient mindreading. 

•  We predict that fast and efficient mindreading processes will be susceptible to 

top-down influences. 
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1 Introduction 

In a standard false belief task, a child (or other test subject) observes as an agent 

places an object (sometimes a doll) in a box at location A and then temporarily 

departs, whereupon some other agent arrives on the scene and transfers the object to a 

box at location B. When the first agent returns, the child is asked where the first agent 

(Sally) is likely to search for the object.2 The correct answer, of course, is that Sally is 

likely to search in the box at location A, because that is where she falsely believes the 

doll to be located (Wimmer and Perner, 1983; Baron-Cohen et al., 1985; Call and 

Tomasello, 2008). This task has been regarded as a litmus test for the capacity to 

represent the beliefs of other agents because the child can’t use her own knowledge of 

the location of the doll to predict where Sally will search; the child must distinguish 

Sally’s belief about the location of the doll from the actual location. It has been a 

robust finding that children under the age of four years tend to fail at the standard 

false belief task, which prompted a widespread view that children younger than about 

four don’t represent beliefs in others. This view has come under pressure, however, 

from recent evidence that children can succeed on various modified versions of the 

task that don’t require a verbal response by around their first birthdays (e.g. Onishi 

and Baillargeon, 2005; Surian et al., 2007; Southgate et al., 2007; Song, Onishi, & 

Baillargeon, 2008; Buttelmann et al., 2009; Baillargeon et al., 2010; Träuble et al., 

2010), or indeed even by seven months (Kovacs et al., 2010).  

 

Thus, with evidence of mindreading in early childhood now having been reported by 

researchers from various labs using diverse methods, the theoretical challenge is to 

reconcile the large discrepancy in results between verbal false belief tasks and non-

verbal versions.  As we shall see, this puzzle raises many complex, difficult questions 

not only about the development of mindreading but also about the nature of mental 

representation and cognitive architecture. In this paper we’ll examine in some detail 

one attempt to resolve the puzzle: Apperly and Butterfill’s ‘two systems’ account of 

mindreading (Apperly and Butterfill, 2009; Apperly, 2011; Butterfill and Apperly, 

2013). This account addresses many of these issues in insightful ways, providing a 

                                                
2 The experiments are easier to interpret when described concretely, and in what follows we will refer 
to the first and second agents as Sally and Anne, and the object as a doll, except where there are 
variations and the specific details matter. 
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characterization of key representational differences between infant and adult 

mindreading that is linked to an analysis of a tension between efficiency and 

flexibility, which in turn provides an explanation for why there should be two 

mindreading systems.  

 

Our discussion identifies a number of points of agreement with Apperly and 

Butterfill. We think they are right that multiple systems contribute to mindreading, 

and that some of these systems employ representations that lack the full structure of 

adult psychological concepts. We also agree that the nature of these systems and their 

relations is fundamentally shaped by a trade-off between efficiency and flexibility. 

But we argue for a different architectural solution to these constraints. Apperly and 

Butterfill believe that the competing demands of efficiency and flexibility give rise to 

a parallel two systems architecture for mindreading. Specifically, they believe that the 

tension between efficiency and flexibility is such that the only way that both can be 

achieved in mindreading is by means of distinct cognitive systems. Moreover, 

because efficiency is attained by means of hard constraints, the efficient system 

should be capable of only limited information exchange with the flexible system, and 

the two systems should consequently operate largely in parallel. We’ll argue that this 

is oversimplified, and propose instead a cooperative multi-system architecture for 

mindreading. Efficiency can be compatible with rich information exchange amongst 

multiple cognitive systems, and a cooperative multi-system organisation can yield a 

better overall balance of efficiency and power than a parallel architecture. 

Furthermore, recent evidence for infant mindreading suggests that it involves a kind 

of flexibility that is better explained by a cooperative multi-system architecture. 

 

We also criticize the assumptions that Apperly and Butterfill make concerning the 

representational characteristics of their two systems. On the one hand, they propose 

that efficient mindreading is achieved by a simple, inflexible representational scheme, 

and on the other hand, they propose stringent requirements on the belief 

representation performed by the flexible mindreading system, which they see as 

representing beliefs ‘as such’. We argue that the motivations for these proposals are 

misguided. Specialized cognitive systems can be capable of relatively complex forms 

of representation, and flexibility can be achieved through cooperative multi-system 

interactions. We also argue that flexible conceptual belief representation can be 
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simpler and more heterogeneous than Apperly and Butterfill suppose. Infants 

probably do not represent beliefs ‘as such’ in the way that older children and adults 

do, but it’s likely that their belief representations involve generalized semantic 

memory, and that they are developing forms of conceptual belief representation that 

serve as a basis for the more sophisticated forms of belief representation that emerge 

in older children. This learning process probably involves the acquisition of a rich 

stock of schemas and a constructivist progression in which schemas are refined and 

more abstract conceptualizations are developed. 

 

2 Evidence for mindreading in infants 

Evidence for the representation of false belief in infants first arose from experiments 

that used looking behavior instead of verbal response as the measure indicating the 

presence of the representation. Clements and Perner (1994) found an intriguing 

inconsistency in young children’s responses in a false belief situation: 90% of the 

children between 35 months and four-and-a-half years old looked first to the empty 

location (where the Sally falsely believed the object to be located), and yet only 45% 

of them gave the correct verbal answer when asked where Sally was likely to search. 

The authors speculated that the children’s anticipatory looking might indicate that 

they implicitly represented Sally’s false belief. 

 

This result foreshadowed a new approach to the false belief paradigm focusing on 

non-verbal measures, especially looking behaviour.3 Onishi and Baillargeon (2005) 

found that children looked longer when Sally searched in the object’s actual location 

compared with when Sally searched in the original (incorrect) location. According to 

the authors, the increased looking time indicated a violation of expectation, which 

revealed that the child had implicitly formed the expectation that Sally would search 

in the wrong location because she had a false belief. This finding has since been 

corroborated by numerous groups using similar paradigms: Surian and colleagues 

(2007), for example, observed the same pattern in a study involving 13 month-olds; 

Kovacs et al. (2010) found similar evidence in a study with seven-month-olds; and 

Southgate et al (2007), measuring children’s anticipatory looking as in the Clements 
                                                
3 It is common to refer to experimental measures that depend on verbal responses as ‘explicit’ and 
measures based on behavior as ‘implicit’. We will avoid this, however, because we think that it 
shouldn’t be inferred that cognitive processes are implicit if they manifest in behavioral but not verbal 
measures. See also Carruthers (2013, p. 145), who makes a similar point. 
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and Perner (2004) study, found evidence that 25 month-old children first looked 

toward the wrong location upon Sally’s return (after Sally had briefly looked away 

and failed to witness that a ball was transferred from one box to another), apparently 

in anticipation that Sally would search for the ball at the wrong location. 

 

Whether these experiments reveal belief representation has been controversial.4 But 

converging results have been reported in recent years using a variety experimental 

paradigms and measures. Thus, some experiments have probed whether infants are 

sensitive to variations in the epistemic conditions that produce belief. Senju et al. 

(2011) gave 18-month-olds experience with either an opaque or a transparent “trick” 

blindfold, then showed them a version of the false-belief scenario in which Sally wore 

the blindfold that the child had just experienced, and so either could (with the trick 

blindfold) or could not (with the opaque blindfold) see the transfer of the doll. The 

children showed anticipatory looking consistent with false belief representation only 

for the opaque blindfold. 

 

Other studies have found belief sensitivity in infants and young children based on 

non-visual sources of information. In a study involving 15-month-olds, Träuble et al. 

(2010) used an apparatus consisting of a balance beam with a box at each end. When 

a foam ball was placed in one of the boxes, and that end of the beam was raised, the 

ball would noiselessly roll to the other box. Three conditions were compared. In a 

true belief condition Sally manipulated the beam herself while facing forward and 

able to see the transfer of the ball. In a false belief condition Sally’s back was turned 

and the beam was manipulated without her input, resulting in the transfer of the ball. 

In a manipulation condition Sally again faced away from the apparatus, but she 

manipulated the beam herself, causing the ball to transfer between boxes. In each 

condition, two different outcomes were contrasted: either Sally reached for the ball in 

the original box (wrong location) or in the new box into which the ball had rolled 

(correct location). Träuble et al. found that in the false belief condition the infants 

looked longer when Sally reached for the correct location, whereas in the other two 

conditions the pattern was reversed, with the infants looking longer when Sally 

reached for the wrong location. Thus, the infants appeared to expect Sally to have a 
                                                
4 For discussions see Haith and Benson (1998), Kagan (2008), Müller and Giesbrecht (2008), Heyes 
(2014), and Ruffman (2014). 
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true belief in the manipulation condition even though she had not seen the object 

transfer because her back had been turned. This indicates that infant belief sensitivity 

can take into account varied informational sources for beliefs, including visual 

perception and non-visual object manipulation.  

 

Similarly, Song, Onishi & Baillargeon (2008) found that 18-month-old infants’ 

expectations in a false belief task were influenced by communication between the 

experimenter and Sally. In one condition the experimenter told Sally that the doll had 

been moved, and the infants did not then expect Sally to approach the original box. In 

another condition the experimenter merely told Sally that she liked the doll, but did 

not tell Sally that it had been moved. In this case the infants did expect Sally to have a 

false belief about the location of the doll. This indicates that the infants were able to 

take into account the specific content of the communication in adjusting their 

expectations for Sally’s actions, and not just that there was communication 

concerning the ball. 

 

In addition to false belief about location, there is also evidence that infants in the 

second year of life are able to attribute other reality-incongruent informational states 

to agents (for a review, see Baillargeon et al., 2010). For example, Scott et al. (2010) 

reported evidence that 18 month-olds could attribute a false belief to Sally concerning 

non-obvious properties of an object, namely which of two test objects could be 

shaken to produce a rattling sound. 

 

Measures other than anticipatory looking have also indicated belief sensitivity in 

infants and young children. Buttelmann and colleagues (2009) used an ‘active 

helping’ paradigm in which 18 month-olds had to take into account Sally’s false 

belief in order to determine her goal and help her to attain it. The paradigm employs 

the standard false belief scenario in which Sally returns to the scene, unaware that 

during her absence the doll has been moved from one box to another. Sally then tries 

but fails to open the box that doll was in originally (but is not now). The key finding 

was that most children did not attempt to help Sally open the box she was struggling 

with. Instead, they went over to other box and retrieved the doll. In contrast, in the 

true belief condition, where Sally had witnessed the transfer of the doll, most children 

assisted her with the box she was trying to open. 
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A very different measure was used in a study involving 17 month-olds, conducted by 

Southgate, Chevallier, & Csibra (2010). In this experiment Sally placed two different 

toys in two boxes and then departed. During her absence Anne switched the two toys. 

When Sally returned, she pointed to one of the boxes and said that the toy inside that 

box was a ‘sefo’. When the infants were subsequently prompted to get the sefo, most 

of them retrieved the toy in the other box (the one Sally had not pointed to). This 

strongly suggests that the infants had taken Sally to hold a false believe about the 

locations of the toys, and intended to refer to the toy in the other box as a sefo.5 More 

recently, Southgate and Vernetti (2014) conducted an EEG study in which they 

recorded sensorimotor alpha suppression in 6-month-olds when observing Sally 

confronted with a box in which she falsely believed a ball to be located. No such 

alpha suppression was recorded in a condition in which Sally correctly believed the 

box to be empty. The authors argue that this pattern of findings constitutes evidence 

that infants generate differential predictions about whether Sally will perform an 

action depending on that agent’s beliefs about objects’ locations.  

 

3 Problems with deflationary and nativist explanations 

Taken as a whole, these findings reveal an impressive specificity and flexibility in 

infant belief sensitivity which suggests that infants represent beliefs in some way. To 

provide a context for understanding Apperly and Butterfill’s proposal for how infants 

represent beliefs we’ll first briefly characterize and argue against two alternative 

approaches. Apperly and Butterfill’s theory constitutes one kind of intermediate 

position between two extremes: deflationary accounts which claim that infant abilities 

can be explained without appeal to the representation of belief, and nativist accounts 

which propose that infants have an innate, fully-formed belief concept. Each of these 

extremes has problems, and the nature of these problems provides motivation for 

exploring the middle ground that Apperly and Butterfill have identified. Our 

criticisms of their account in later sections will show that another type of intermediate 

position is possible and has advantages, but we first need to give reasons for moving 

to the middle ground. 

                                                
5 Carpenter, Call, and Tomasello (2002) had earlier reported a very similar finding with 2-3 year-old 
children, and interpreted it as evidence that children take pragmatic contexts and others’ mental states 
into account in learning new words. 
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3.1 Problems with deflationary accounts 

The difficulties confronting deflationary approaches to infant successes on belief 

tasks are exemplified by problems with the ‘behavior rule’ account (Perner and 

Ruffman, 2005; Ruffman 2014). On this view, the abilities shown by infants in false 

belief tests can be explained as the result of behavior reading based on statistical 

learning, rather than the representation of beliefs. Thus, whereas a mindreading 

account claims that infants represent behavior → mental state → behavior relations, a 

behavior reading account proposes that infants represent behavior → behavior 

relations. This has the prima facie virtue of being in keeping with Morgan’s Canon, 

the principle that psychological explanations should favor the simplest cognitive 

mechanism consistent with the evidence (Morgan, 1903). But the approach has been 

criticized on the grounds that it is unparsimonious when elaborated to account for the 

evidence that infants can predict belief-dependent actions in varied conditions. The 

behavior reading view must postulate a very large number of seemingly ad hoc 

behavior rules, whereas a mindreading account can more economically explain the 

ability of infants to predict belief-dependent actions in varied conditions by 

postulating that they represent beliefs (e.g., Song et al., 2008; Carey 2009; Apperly, 

2011). 

 

This criticism identifies a crucial issue in assessing the respective merits of 

deflationary and nativist accounts of apparent belief representation in infants, but 

whether the problem is decisive depends on the details. Ruffman (2014) argues that 

we have independent reasons to believe that statistical learning plays a powerful role 

in infant cognitive development, and if we allow that behavior rules can incorporate 

generalization, then a relatively small and plausible number of rules can account for 

infant abilities. But although it is undoubtedly pervasive and important, statistical 

learning has limitations which make it unlikely that it is the main basis upon which 

infants interpret intentional action. Causal learning should be distinguished from 

statistical learning, and the latter has key advantages that have implications for the 

representation of intentional action by infants. 

 

By causal representation we mean representation that attributes causal powers to 

entities in the world, and represents relations and processes governed by those causal 
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powers. On this definition causal representation is mechanistic.6 In contrast, by 

statistical representation we mean representation that captures correlations but does 

not represent the mechanistic basis for the correlations. Thus, a statistical 

representation of an X → Y relation only expresses a correlation between X and Y, 

while a causal representation of an X → Y relation identifies a mechanistic basis for 

the correlation. 

 

For example, here is a causal description of a simple scenario. A small ball rolls down 

a sloping surface and passes through a narrow gap in a barrier, followed by a large 

ball that rolls down the slope and is blocked at the barrier because it is too big to pass 

through the gap. A purely statistical description would not mention balls, the barrier, 

physical movement, or blockage, because these are causal entities, processes and 

events. It would simply depict a temporally extended complex perceptual pattern. A 

hybrid representation that includes entities located in space, but not causal processes, 

would individuate the slope, the balls and the barrier, but include no mechanistic 

information concerning the structure of the events. The balls do not roll down the 

slope (this is causal); they simply exhibit spatial displacement. The small ball does 

not pass through the narrow gap because it is smaller than the gap; there is simply a 

particular spatial transition. The large ball is not blocked by the barrier because it is 

too big to fit through the gap; it simply manifests a different pattern of spatial 

movements to the small ball. 

 

This example helps to reveal some of the advantages of causal representation in 

comparison with statistical representation. These include providing a structured basis 

for salience, generative model construction, and diagnosis. Causal representation 

provides a structured basis for salience by specifying the key causal properties present 

in a situation. Thus, the spherical shape of the balls, the size of the balls, the angle of 

the slope, the barrier, and the size of the gap in the barrier are all important causal 

properties present in the scenario just described. An observer who attends to the 

causal properties present in the situation can use them as the basis for constructing a 

model that interprets the situation (Johnson-Laird 1983). An interpretive model 
                                                
6 Importantly, causal representation as we are defining it is not just representation constrained in such a 
way as to respect causal relations, as is the case, e.g., with a Bayesian causal model (Pearl 2000). 
Rather, causal properties such as shape, size and hardness are represented explicitly as attributes of 
entities. 
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specifies the key relations present in the situation that govern what happens. An 

interpretive model can be used post hoc to understand a situation that has occurred, 

but it can also be used for predictive, hypothetical, and counterfactual judgments. In 

the case of prediction, the model allows the observer to anticipate the outcome before 

it happens. In the case of hypothetical judgment, the model allows the individual to 

determine what will happen if particular conditions obtain. An especially important 

form of hypothetical judgment is determining what action or actions should be taken 

to achieve a particular goal. Counterfactual judgments allow the individual to 

determine what might have occurred if the conditions were different. 

 

Causal representation provides a basis for generative model construction because 

known entities and causal properties can be combined in novel ways to yield models 

for situations that haven’t been previously experienced. There are of course 

limitations to generative model construction, and an observer attempting to interpret a 

situation that is relatively unfamiliar may be unable to construct a successful model, 

possibly because the observer isn’t aware of all of the important causal features of the 

situation, or because she is unable to identify the important relationships. Maier’s 

(1931) ‘pendulum problem’ illustrates the difficulties that can occur in constructing 

an integrated model for an unfamiliar situation that allows the individual to achieve a 

goal. Participants were introduced to a room that contained a variety of objects and 

two strings hanging from the ceiling. The task was to tie the strings together, but they 

were spaced such that it was impossible to hold one string and reach the other. A 

solution is to tie an object to one of the strings and swing it as a pendulum, so that the 

movement brings it within reach when the other string is held. However, few 

participants discovered this solution.  

 

Familiar situations are easier to interpret than novel situations because learning 

organizes knowledge in a way that tends to make key properties and relations more 

apparent. The participants in Maier’s study – adults – presumably had all the 

background causal knowledge required for solving the task, but they were unable to 

put the information together in a way that revealed the solution. One of the primary 

explanations for the ability to organize related information is by means of schemas, 

which are abstract structures that capture stereotypical relations (Bartlett, 1932; 

Piaget, 1952; Schank and Abelson, 1977; Gureckis et al. 2010). Thus, a young child 
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will have schemas for commonly experienced situations like mealtimes, playing with 

toys, greetings and saying goodbye, birthday parties, bedtime, and so on. Schemas can 

facilitate the construction of a model of a situation by providing an organizing 

framework that integrates information and highlights key relationships (Kintsch and 

van Dijk 1978), and thereby also facilitates predictions about how the situation will 

develop (or would develop in counterfactual cases).  

 

In cases where an agent lacks an adequate schema to pick out and organize the 

relevant causal features in a situation, she will accordingly fail to predict how the 

situation develops. But causal knowledge required in order to interpret the situation 

may nevertheless be available – albeit not yet organized into an adequate schema. 

This causal knowledge can be harnessed for post hoc diagnosis of the situation. An 

infant observing the ball scenario described above might fail to predict the blocking of 

the large ball because she fails to construct an integrated causal model of the situation 

that captures the relevant causal attributes. The stopping of the large ball at the barrier 

is a surprising event for the infant, but she can use causal knowledge to diagnose the 

cause of the event: the large ball is too big to fit through the gap. Now attuned to the 

relevant causal parameters, if she is presented with the scenario again she can rapidly 

construct a causal model that captures the key relations, and predict the event before it 

happens. Indeed, when attuned to the appropriate causal parameters the infant should 

be able to successfully predict outcomes in variations of the scenario in which the 

sizes of the balls and the barrier are altered.  

 

Pure statistical representation doesn’t provide this kind of causally focused diagnosis 

and generative prediction. But, on the other hand, because statistical learning doesn’t 

depend on causal presuppositions, correlations can be learned even when no causal 

model of the relation can be readily constructed. Our causal understanding of the 

world develops slowly and is highly incomplete (even for very knowledgeable 

adults), so statistical learning plays an essential role in the discovery of patterns. 

Based on these considerations, then, we should expect that statistical and causal 

learning both play important roles in infant cognitive development, and that they are 

mutually supportive. The detection of statistical patterns can guide causal learning, 

and conversely, the causal individuation of important properties, entities, relations and 
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processes provides structure on which statistical learning can operate. Indeed, the 

formation of schemas will involve both causal and statistical learning.  

 

This line of reasoning has implications for the parsimony argument against the 

behavior rules approach. Given the power and usefulness of causal representation for 

constructing interpretive models, it is unlikely that infants primarily or exclusively 

relay on statistical behavior rules to interpret the actions of other agents. Ruffman 

(2014, pp. 275-6) argues that a ‘mentalist’ account of infant belief sensitivity is 

actually less parsimonious than a behavior reading account because the mentalist 

account must take into account all of the complexity of the conditions that influence 

the behavior the infant is predicting (in the standard task, where Sally will search), 

just as a behavior rules account must, and in addition proposes that the infant 

represents Sally’s beliefs. But Ruffman fails to appreciate the distinctive predictive 

power and economy of model-based representation in comparison with statistical 

rules. Firstly, models provide a flexible basis for integrating complex situational 

information. Thus, novel configurations and items of information that are acquired 

over time can be meaningfully connected. Secondly, models provide an economical 

basis for prediction. Every variation in the situational factors that results in a 

significantly different outcome requires a distinct statistical rule, whereas causal 

representation can more economically cope with situational variation because it 

permits the flexible construction of models that capture the structure of a given 

situation and yield predictions for that situation. A rule appropriate for the situation 

isn’t needed in advance because a model can be constructed ‘on the fly’.  

 

The ability to cope with situational variation generatively is a major advantage for 

model-based representation because any system that relies entirely on pre-specified 

rules will face a problem of combinatorial explosion: every variation in the situation 

that makes a significant difference to the outcome requires a distinct rule, but as the 

number of factors in the situation increases linearly the number potential situational 

configurations increases exponentially.  

 

Model-based representation of the actions of other agents need not incorporate the 

representation of belief, and indeed causal models can serve as the basis for 

generating statistical predictions. However, there are reasons for thinking that infants 
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will use model-based representation to differentiate key aspects of the intentional 

structure of action and agents. This is because the causal structure of action is very 

sensitive to its intentional features. Changes in factors like motivation, goals, 

attention, physical capacities, and environmental constraints and opportunities 

profoundly affect which actions an agent will perform and how she will perform 

them. There is now a substantial body of evidence that infants are sensitive to these 

kinds of factors and can flexibly integrate diverse kinds of agency information 

(Woodward, 2005). For example, Csibra et al. (2003) employed an agentic scenario 

similar to the non-agentic causal scenario described above. 6 and 12-month-old 

infants were shown a scene in which a small ball appears to be chased by a large ball. 

The small ball passes through a narrow gap in the barrier, while the large ball moves 

around the barrier. 6 and 12-month-old infants expect the large ball to catch the small 

ball and are surprised by a final scene in which they are separate. In a variation, the 

gap in barrier is wide enough for the large ball to pass through, and 12-month-old 

infants are surprised if the large ball nevertheless goes around the barrier. This 

suggests that 12-month infants can take both goals and the structure of the 

environment into account in interpreting action.  

 

If we allow that infants are differentiating key features of intentional action, and 

flexibly integrating agentic information in situation-specific ways, this lends 

presumptive weight to the view that infants succeed on false belief tasks because they 

represent beliefs. Note that evidence for successful prediction that tracks variations of 

a key parameter in novel situations is strongly suggestive that the parameter is 

represented and integrated into a situation model. Ruffman claims that Senju et al.’s 

(2011) ‘trick blindfold’ experiments, described in section 2, can be explained on the 

basis that infants recognize what an agent does and does not see, and employ the 

behavior rule that an agent will search for an object at an original location only when 

she hasn’t seen it subsequently moved. The experience of the infants with the trick 

and ordinary blindfolds allows them to appropriately adjust their expectations for 

what the agent can see. This is possible, but even on this interpretation infants have a 

rich understanding of ‘seeing’ that includes a causal understanding that seeing 

provides information for the agent.  
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Moreover, this rule can’t explain the ability of infants to predict Sally’s behavior 

when she has been told where the ball is (Song et al., 2008). Ruffman claims that this 

result can be explained on the assumption that infants know that verbal 

communication can indicate location for themselves, and they expect other agents 

also to use communication to indicate location. But, crucially, this understanding of 

‘indication of location’ is not linked to any particular behavior, so it is hard to see 

how it differs from the representation of belief. If infants understand that another 

agent can use highly varied sources of information to ‘indicate location’, that this 

information can be retained, and that the agent can use the information (which may be 

incorrect) to guide varied behavior, this essentially amounts to representing beliefs of 

the agent concerning location. 

 

3.2 Problems with nativist approaches to infant belief competencies 

The problems of the deflationary approach lend weight to the view that infants really 

are representing beliefs. This raises the possibility that a nativist interpretation of the 

evidence may be correct. In other words, the early emergence of belief sensitivity – 

some studies have found belief sensitivity at 6-7 months (Kovacs et al., 2010; 

Southgate and Vernetti, 2014) – may be taken to reveal that belief representation is 

based on an innate belief concept (e.g. Baillargeon et al., 2010; Leslie, 2005; 

Carruthers, 2013). The central problem for nativism lies in explaining why children 

struggle specifically with explicit verbal false belief tasks for years after succeeding 

in paradigms using implicit measures. One possible explanation is that young children 

struggle to overcome a default assumption that beliefs are true (Leslie et al. 2004). 

Thus, when predicting an agent’s behavior, they have a tendency to ascribe to the 

agent whatever relevant knowledge they themselves have, and in so doing succumb to 

the ‘the curse of knowledge’ (Birch and Bloom, 2007; Carlson and Moses, 2001). On 

this view, children must first develop a capacity for executive control in order to 

inhibit their own perspective and thereby overcome the ‘curse of knowledge’. 

 

There are, however, compelling reasons to doubt that this could be the whole story. 

First, Call and Tomasello (1999) reported that children performed no better in an 

experiment in which the potential reality bias was removed, i.e. children needed to 

take into account an agent’s false belief, but they themselves did not know the true 

location of an object. Secondly, there is evidence that Chinese children outperform 
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American children in executive function but not in mindreading (Sabbagh et al. 

2006). Thirdly, Yott and Poulin-Dubois (2012) found a strong correlation between 

looking time in the test condition of a non-verbal false belief task and success on an 

executive function task in which the 18 month-olds had to inhibit a prepotent response 

(reaching for a toy through a transparent window) in order to carry out a desired 

response (turning a dial on the side of the box). As the authors emphasize, this is 

difficult to reconcile with the conjecture that mindreading in infants is performed by a 

system that operates on an automatic basis, i.e. which does not require executive 

control. Fourthly, a recent longitudinal study conducted by Thoermer et al. (2012) 

found evidence that casts doubt upon nativist interpretations. Specifically, they found 

that 18 month-olds who passed an implicit false belief task were more likely to pass 

an explicit verbal false belief task about locations at four but were not more likely to 

pass an explicit verbal false belief task about contents. Thus, the longitudinal 

continuity was task-specific. This is consistent with the possibility that children 

gradually acquire familiarity with specific situations that they frequently encounter, 

and that their performance improves most quickly in situations that they frequently 

encounter and less quickly in situations that they encounter less frequently. But this is 

not easy to reconcile with nativist interpretations of the infant mindreading data: 

according to nativism, the capacity that is tapped in implicit mindreading tasks in the 

2nd year (or earlier) is the capacity to represent beliefs in general (i.e. it is the belief 

concept), so it is not clear why the continuity between the early-emerging capacity 

and later capacities should be specific to particular tasks 

 

More generally, belief representation in older children and adults involves rich 

explicit semantic knowledge about perception, memory, beliefs, reasoning, etc. There 

is evidence that language experience contributes to an understanding of perspective 

differences (Harris 2005), and an understanding of mental states and communication 

in context (Dunn and Brophy 2005), and that there are coordinated improvements in 

the understanding of beliefs and other mental states, and representation more broadly, 

around ages 3-4 (Apperly, 2011). This suggests that the delayed ability to succeed on 

the standard explicit false belief task depends on qualitative changes in 

representational ability, not just improvements in mindreading efficiency.  
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4 Apperly and Butterfill: two systems for mindreading 

There are thus good reasons for taking an approach to the development of 

mindreading which postulates that multiple systems and forms of representation are 

involved. Apperly and Butterfill’s two system account is consequently of particular 

interest because it occupies a promising region of the theoretical space, and it 

illuminates a number of pressing issues. They propose that the disparity between 

evidence for early mindreading and delayed success on the standard false belief task 

is explained by the fact that there are two systems for mindreading: an early 

developing system that employs simple representations to achieve fast, resource-

efficient processing, and a later-developing system that depends on language and 

executive resources to achieve powerful, flexible processing (Apperly and Butterfill, 

2009; Apperly, 2011; Butterfill and Apperly 2013). 

 

In support of this idea they appeal to number cognition as a parallel. In this case too 

there is a contrast between simple competencies found in infants (and nonhuman 

animals) and more complex abilities that develop gradually in older children. Infants 

as young as 5 months old are sensitive to the number of items in arrays of objects, but 

their numerical abilities show strong limitations: there is a capacity limit of 3-4 items 

for tracking precise numerosity, and they need a large ratio of difference in order to 

judge size differences between collections with large numbers of items. The marked 

differences between the early and later developing abilities support the idea that there 

are distinct systems involved in number cognition: a relatively simple system which 

develops early, and a more powerful system that develops later and is dependent on 

training in mathematical concepts such as the number system (see Carey, 2009, 

chapter 4, for an overview of this research). 

 

The overall similarity with the developmental pattern of mindreading abilities 

suggests that there may likewise be two substantially distinct mindreading systems. 

To give theoretical support to this idea, Apperly and Butterfill argue that there is a 

fundamental tension between flexibility and efficiency, with simple representational 

capacities providing efficiency at the expense of flexibility, and powerful 

representational capacities providing flexibility at the expense of efficiency. Infant 

mindreading occurs in a context of very limited general cognitive resources, and 

cannot draw on the representational capacities that linguistic experience makes 
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available for later mindreading. Conversely, Apperly and Butterfill point out that 

adult-like mindreading is very flexible, involving in some cases complex inferences 

that are likely to depend on substantial cognitive resources. If efficiency and 

flexibility cannot be reconciled in one system, then the two kinds of mindreading 

must be supported by at least two distinct cognitive systems.  

 

Butterfill and Apperly (2013) give a detailed characterisation of the representational 

characteristics of the efficient system, which they characterise as a system for 

‘minimal mindreading’. Their intention is to specify a representational system which 

can track belief in simple situations, but which does not incorporate psychological 

concepts. By design this system does not represent beliefs ‘as such’, and it lacks the 

flexibility that Butterfill and Apperly associate with adult mindreading. The system 

includes four principles for interpreting the actions of other agents, which are as 

follows. 

 

(1) The first principle is that bodily movements form units that are directed to towards 

goals (p. 614). Butterfill and Apperly define goals as the teleological outcomes of 

bodily movements, where this means that the movements are organized in order to 

bring about the outcome (p. 613). This principle allows the individual to infer goals 

from action without representing them in terms of psychological states involving 

intentions, beliefs, and other propositional attitudes (p. 613).  

 

(2) The second principle employs two representations – field and encountering – that 

together serve as a simplified surrogate for perception. Butterfill and Apperly say that 

a field is a “set of objects” (p. 614), but they appear to mean that it is an area specified 

in relation to the agent that encompasses objects. They say that the agent’s field is 

determined by factors such as proximity, lighting, eye direction, barriers, and so on. 

Encountering is a relation between the agent and an object, and it occurs when the 

object is in the agent’s field. The second principle is that the agent must encounter an 

object before she can engage in goal-directed actions aimed at the object (p. 615).  

 

(3) This principle employs a concept of registration that serves as a partial surrogate 

for belief. Having encountered an object in a particular location, an agent registers it 

as being in that location, and will continue to register it as in that location until she 
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encounters it in a different location (p. 617). Registration consequently “has a 

correctness condition which may not obtain” (p. 617), because the object may have 

moved since the agent’s last encountering. The third principle in full is that an agent 

must correctly register an object as in a particular location if she is to successfully 

perform a goal directed action aimed at the object. Butterfill and Apperly say that two 

kinds of inference can be drawn using this principle. An agent who has not correctly 

registered an object will not be able to successfully perform actions aimed at the 

object. And if an agent does succeed in performing an action with the object as a goal, 

she has correctly registered its location (p. 617). 

 

(4) The fourth principle is that an agent will direct actions that have the object as a 

goal to the location at which she has registered the object (p. 619). With this principle 

an infant can predict that Sally will search in the empty box (p. 620). 

 

Butterfill and Apperly claim that these principles can allow an individual to track 

beliefs in a limited but useful range of circumstances without requiring that they be 

represented ‘as such’. Apperly and Butterfill (2009) characterize the latter form of 

belief representation in terms of the representation of beliefs as propositional 

attitudes. Specifically, they say that the representation of belief ‘as such’ involves 

representing it as an attitude to “a content” that plays a certain psychological role. 

They describe the content as ‘propositional’, which they define as ‘sentence-like’ 

(2009, p. 957), and as allowing for beliefs with complex contents, such as those 

involving quantification (2009, p. 960). They describe the psychological role of belief 

as including being caused and justified by perception, as interacting with other beliefs 

and desires, and as causing and justifying actions (2009, p. 957). They also claim that 

adult-like belief attribution involves abductive inference, and can draw on an 

unlimited range of information (2009, p. 960). Based on the last attribute in particular, 

Apperly and Butterfill say that this kind of belief representation is heavily dependent 

on executive cognitive resources.  

 

Taking this into account, they specify limits on the nature of registration that 

differentiate it from belief. Specifically, they say that registration doesn’t incorporate 

psychological role, abductive inference, normativity, or propositional content (p. 960 

& 963). This helps them to specify signature limits on infant mindreading that can be 
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used as a basis for testing the theory. One such signature limit is an inability to 

understand how beliefs combine with each other and with other psychological states 

in guiding inferences and actions. Another signature limit is that, because infants are 

not representing propositional content, they should be unable to take mode of 

presentation into account, i.e. the way that an object appears to or is represented by 

the agent. 

 

With respect to how the two systems are related, Apperly and Butterfill (2009) 

recognize that there is a spectrum of possibilities (p. 964). At one extreme, there may 

be no direct information flow between the two systems. The efficient system might 

influence attention and action, but would not directly provide input to explicit 

judgments about belief. At the other extreme, the flexible system might depend on the 

efficient system. But Apperly and Butterfill lean towards the former pole based on 

theoretical considerations and evidence that there is a marked dissociation between 

infant mindreading responses assayed using ‘implicit’ and ‘explicit’ measures.7 One 

of the key findings from research employing the explicit version of the false belief 

task is that children who fail tend to say that Sally will look in the box that the doll is 

currently in (Wellman et al. 2001). Using a betting paradigm, Ruffman et al. (2001) 

found that children were confident in these responses. Apperly and Butterfill interpret 

this as indicating that the efficient mindreading system does not communicate directly 

with the flexible system (2009, p. 964).  

 

Their theoretical reasoning is that cognitive efficiency depends on limitations on the 

complexity of input and processing. Accordingly, the efficient system could not 

provide belief information for the explicit system in most cases because the kinds of 

beliefs processed by the latter are generally too complex to be represented by the 

simple system (p. 964). Apperly (2011) gives a more specific characterization, 

suggesting that efficient mindreading processes will be fast and inflexible, will make 

low demands on general processing resources, will tend to resist strategic control, and 

may operate outside of awareness (p. 134). 

 

                                                
7 As detailed above, we think these labels are misleading. 
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5 A cooperative multi-system architecture for mindreading 

In footnote 14 Butterfill and Apperly make some important and problematic 

concessions (2013, p. 620). The text preceding this footnote proposes that the 

mindreading principles they have presented can be extended to address a wider range 

of mindreading phenomena, such as desires. In the footnote they note that there is 

evidence that infants can do more than just track beliefs about the location of objects. 

In particular, they note evidence that infants can use communication to track belief 

(the Song et al. 2008 study described above), they can solve false belief tasks 

involving unexpected contents (He et al., 2011), and they can take into account 

inferences that an agent may make (Scott et al., 2010). In effect, Butterfill and 

Apperly acknowledge here that their account is unable to accommodate the extant 

evidence concerning infant mindreading. This raises the question of how their account 

should be construed, since it is, strictly, by their own admission falsified. The most 

natural interpretation is that they are sketching the initial foundations of an approach 

to theorizing the representation of beliefs and other states by infants and non-human 

animals – an approach whose central virtue is that it doesn’t explicitly or implicitly 

presuppose a fully developed intentional folk psychology. In other words, they are not 

yet aiming for full empirical adequacy. While this is a reasonable theoretical 

approach, it is equally reasonable to press the account concerning these empirical 

limitations. 

 

The crucial question is whether the account can be extended in a straightforward way 

to accommodate the unexplained evidence, or whether a comprehensive theory will 

require qualitatively different explanatory resources, or perhaps even a fundamentally 

different starting point. The most problematic aspect of Butterfill and Apperly’s 

restricted empirical scope is that the overall pattern of evidence raises issues that their 

account does not appear well-equipped to deal with. Taken as a whole, the evidence 

reveals striking flexibility in infant belief representation abilities, whereas the 

mindreading principles described above are notably inflexible. It is not obvious how 

they can be straightforwardly extended to encompass the representation of beliefs that 

involved diverse properties, beliefs acquired through communication, and so on. 

We’ll argue that explaining this flexibility requires an approach that is in key respects 

fundamentally different. A cooperative multi-system architecture is better able to 

explain infant belief representation than a parallel architecture, and causal 
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representation, schemas and models provide a more promising basis for flexible belief 

representation than does a rule-based approach of the kind described by Butterfill and 

Apperly. 

 

5.1 The inflexibility of Butterfill and Apperly’s representational scheme for efficient 

mindreading  

In carefully seeking to avoid adult-like psychological concepts, Butterfill and Apperly 

have presented a very sparse toolkit of representational resources. The account has 

only minimal articulation of key features of intentional agency, incorporates no causal 

information, and has an inferential structure that consists of a small number of ‘hard 

coded’ or fixed rules. These features make it inherently poorly suited to explaining 

the flexibility of infant belief representation. It is certainly possible to elaborate the 

account to include other parameters of agency and a larger number of rules, but the 

account faces the same kind of problem as the behavior rules approach. That is, it 

requires a pre-specified rule for each significant variation, and the problem of 

combinatorial explosion ensures that, beyond a small number of variables, the number 

of rules required is implausible. 

 

Some of the problems with the minimal articulation of the scheme can be appreciated 

by considering Butterfill and Apperly’s account of the representation of goals, 

expressed in the presentation of the first principle. They appear to claim here that 

goals are inferred from patterns of movement, and are represented as the culmination 

of movement. But this is at odds with evidence that infants flexibly take into account 

environmental constraints in attributing goals, not just the movement itself (Gergely 

et al., 2002; Csibra et al., 2003). It also conflicts with evidence that infants can take 

into account the nature of the agent in attributing goals (Saxe et al., 2005), and can 

assign goals to agents, not just actions (Rochat et al., 2004). Indeed, Luo (2011) 

reported evidence that 10-month olds attribute the goal of grasping a particular object 

to an agent (and not some other object) if they attribute a preference for that object to 

the agent. Crucially, they expect the agent to have a preference for that object if she 

has previously grasped that particular object – but not if in grasping for the object she 

had a (true or false) belief that it was the only available object on the scene, in which 

case infants do not attribute a preference for the object. This study not only illustrates 

the flexibility with which infants identify and attribute goals but, more generally, 
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demonstrates that infants can flexibly integrate representations of agents’ goals with 

representations of beliefs (that the object was or was not the only available object) 

observed behaviors (in this case a grasping action) and environmental opportunities 

(the presence of one or multiple graspable objects). Taken together, the evidence from 

these studies suggests that infants represent goals in a way that has more articulation 

than Butterfill and Apperly recognize, including flexible sensitivity to multiple 

aspects of the situation, action, and agent. 

 

This shows that their theory is incomplete, but the lack of an articulated account of 

goal attribution causes deeper problems which undercut the theory’s ability to explain 

the phenomena to which it is addressed, such as the ability of infants to predict Sally’s 

actions in the false belief task. Specifically, the account doesn’t provide a basis for 

assigning the goal of obtaining the doll to Sally’s actions in the false belief condition. 

To appreciate this problem, first note that if goal attribution is based only on the 

immediate movement pattern then the infant should assign to Sally’s actions the goal 

of approaching the box and engaging in movements involving the box. In order to 

assign to Sally’s actions the goal of obtaining the doll the infant must take into 

account Sally’s previous experience. More specifically, it is only by taking into 

account that Sally has registered the location of the doll as being in the box that the 

infant can assign to the action the goal of obtaining the doll. This sits awkwardly with 

the way that the principles are presented. The third principle states that an agent must 

correctly register an object in order to successfully perform an action that has the 

object as its goal. This seems to presuppose that the determination of the goal of the 

action is separate from and prior to the determination of the effect of registration on 

the action. In other words, registration determines whether the action will be 

successful but doesn’t determine what the goal of the action is. 

 

The account thus needs modification to explicitly recognize that registration can 

contribute directly to goal attribution. In itself this may seem a minor issue, but one of 

Butterfill and Apperly’s core motivations is to avoid the inferential holism that they 

regard as a distinctive mark of mature mindreading performed by the flexible system. 

Recall that the first principle is supposed to allow the individual to infer goals without 

taking into account intentions, beliefs and other propositional attitudes. But if 

registration contributes to goal attribution then the individual is in effect taking beliefs 
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into account. Note further that one of the proposed signature limits of minimal 

mindreading is an inability to take into account interrelations amongst psychological 

states in guiding inferences and actions. But if registration contributes to goal 

attribution then the individual is, in effect, taking into account interrelations amongst 

psychological states. It thus begins to appear that infant belief representation also 

exhibits a degree of inferential holism.  

 

The problem is worse than this, however, because taking into account immediate 

action together with registration also isn’t sufficient for determining that the goal of 

Sally’s action is obtaining the doll. When Sally was previously in the room she 

registered all of the objects that fell within her field, including the box that she placed 

the doll in. Accordingly, based only on Sally’s immediate movements and her 

registrations, the infant has as much basis for attributing to Sally’s action the goal of 

engaging with the box as obtaining the doll. In order to attribute the goal of obtaining 

the doll the infant needs some way of selecting amongst the various registrations Sally 

has made in the room. The most obvious mechanism for this is the attribution to Sally 

of an enduring motivational attitude towards the doll, such as an interest in or desire 

for it. Introducing motivation, however, brings in even greater inferential holism: 

there is mutual influence between attributions of motivational state, goals and 

registrations. Indeed, it looks like a full account of how the infant attributes the goal 

of obtaining the doll requires postulating mutual influence amongst representations of 

situation, motivation, actions, goals and registrations. This is a fairly rich inferential 

holism which violates the restrictions that Butterfill and Apperly have associated with 

minimal mindreading.  

 

Thus, the immediate problem for Butterfill and Apperly’s account is that it doesn’t 

explain how the infant comes to attribute the goal of obtaining the doll in the false 

belief condition, and, as a result, the account doesn’t succeed in explaining how the 

infant successfully predicts Sally’s action. The larger problem is that it looks as 

though an elaborated explanation of goal attribution will fundamentally change the 

character of the account, introducing the kind of inferential holism that Butterfill and 

Apperly have been trying to avoid. And if goal attribution incorporates information 

about Sally’s past experiences, motivation, and actions, then it looks like goal 

attribution forms an integral part of the tracking of Sally as an agent. They are Sally’s 
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goals, not simply the endpoints of the actions that Sally engages in. Motivations, 

goals, beliefs and actions are all interrelated aspects of Sally as an integrated agent. 

 

Another kind of problem for the account is that it will be difficult to accommodate 

these interdependencies with the kinds of representations that Butterfill and Apperly 

have proposed. The account has no mechanisms for generating new kinds of 

inferences ‘on the fly’, so every inference involved in belief representation must be 

‘hard coded’ as a pre-specified rule. It thus confronts the same kind of combinatorial 

explosion problem that faces the behavior rules approach: as the number of variables 

increases linearly, the potential relations increase exponentially.  

 

In section 3.1 we argued that generativity provides a solution to this type of problem, 

and we argued that causal representation provides an important form of generativity. 

In light of this it is significant that Butterfill and Apperly have deliberately evacuated 

all causal information from the minimal mindreading system. In the ordinary folk 

psychological understanding, perception has causal properties: it provides information 

for the agent which the agent can then use in various ways. The information-

providing function of perception is linked to the functions of other states and activities 

of the agent. If the agent lacks information, she may engage in information-seeking 

activities such as directed attention or searching activities. This kind of structure is 

absent from Butterfill and Apperly’s account. The second, third and fourth principles 

provide inferential rules that connect encountering and registration to action, but these 

rules are not represented as stemming from the causal properties of fields, 

encounterings and registrations. They are brute stipulations. The agent’s field is 

simply an area extending from the agent, approximating the visual field but including 

no causal notion of vision or perception as information-producing. Encountering and 

registration approximate the information-providing function of perception, but they 

are defined in a way that includes no causal connection between perception and 

action. Encountering and registration are simply specified as necessary conditions for 

successful goal-directed action. This is very different and much weaker than 

representing perception as providing information for action. The latter is causal, the 

former is not. 
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Some clarification is needed here, given that Butterfill and Apperly use language 

which suggests that registration is causal. They frame their account in relation to a 

hypothetical individual called Lucky, and the principles of minimal mindreading are 

intended characterize a minimal set of representational resources that would allow 

Lucky to track beliefs in a restricted set of circumstances without requiring that she 

represent beliefs as such. In relation to the fourth principle, they say that:  

So far Lucky thinks of correct registration as a condition for the success of goal- 

directed action. This does not tell her anything about what happens if the condition 

is not met. In particular it tells her nothing about how an agent will act when she 

registers an object incorrectly. The fourth principle involves a switch from thinking 

of registration as a success condition to thinking of it as a causal factor. (2013, p. 

619, emphasis added). 

 

We have to treat this description as metaphorical, however, because minimal 

mindreading is supposed to be automatic and sub-personal. It is performed by a 

strongly encapsulated system that is largely independent of executive cognition and 

does not draw on general semantic memory. Lucky thus does not literally think about 

registration, or think of registration as playing a causal role in action. Nor could she, 

because registration, as it is defined, has no causal properties.  

 

The fact that ‘field’, ‘encountering’ and ‘registration’ are not represented causally 

creates difficulties for any efforts to expand the account to represent a wider range of 

phenomena. For instance, if motivation and attention are introduced as variables, then 

rules will be needed that specify their interactions with all of the other variables, and 

these relations threaten to be exceedingly complex. For instance, Butterfill and 

Apperly’s account allows an infant to predict that a goal-directed action aimed at an 

object will fail if the registration of the location of the object is incorrect. But it 

doesn’t allow the infant to expect that the agent will search for the object when it is 

not re-encountered in the expected location. In the absence of the representation of 

causal interconnections between perception, motivation, goals and actions, the only 

way to predict searching would be by means of a ‘hard coded’ reasonless rule, and 

searching itself would be functionally opaque.  
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More generally, it is the reasonless nature of the inferences that forces the account to 

rely on a stock of predetermined rules, and it is the non-causal nature of the 

representations which ensures that the inferences are reasonless. Fundamentally, then, 

the non-causal nature of the representation makes it inherently inflexible, which in 

turn makes it poorly suited to account for the flexibility revealed in recent infant 

mindreading experiments. For example, in the false belief condition of the Southgate 

et al. (2010) experiment described in section two, Sally points to one of the boxes, 

names the toy in the box ‘sefo’, and asks the infant to retrieve the sefo. Despite 

Sally’s pointing, the infant goes to the other box and retrieves for Sally the toy inside. 

This requires the infant to connect Sally’s false belief with a referential intention in a 

highly idiosyncratic scenario. A large stock of rules can give the appearance of 

flexibility, but evidence for flexibility in idiosyncratic situations makes this kind of 

explanation unlikely because of the combinatorial explosion problem. Evidence for a 

capacity to flexibly interpret and respond to complex idiosyncratic situations points to 

generative capacities for representation and action. 

 

As has been noted, Butterfill and Apperly have tried to avoid causal representations of 

psychological states and inferential holism out of concern that this would involve 

attributing to infants a ‘full-blown’ adult-like folk psychology. We agree with them 

that attributing an adult-like folk psychology to infants is undesirable, but 

nevertheless believe that their motivation is misguided. This is because there are 

theoretical ways to capture this kind of flexible, inferential holism that don’t require 

positing a full, adult-like folk psychology.  

 

5.2 The advantages of a cooperative multi-system architecture 

Before elaborating on the representational basis for holistic inferential interpretation 

of agency, we need to return to the issue of the overall cognitive architecture of 

mindreading. As described in section 4, Apperly and Butterfill (2009) use an analysis 

of the tradeoff between efficiency and flexibility to argue that the early-developing 

efficient mindreading system should take as input only limited forms of information, 

perform simple processing, and operate largely in parallel with the flexible 

mindreading system. We’ll now challenge this line of reasoning.  
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As a first step it will help to consider the architecture of mindreading in relation to a 

larger picture of cognitive architecture. One of the most fundamental and sustained 

patterns of evidence to emerge from neuroscience research is that there are many 

distinct neural regions that perform specialized information processing functions 

(Gazzaniga et al., 2002, ch. 1). But in addition to local specialization there is also 

evidence that the central nervous system possesses an integrative hierarchical macro-

architecture (Fuster, 2004; 2008). With respect to cortical organization, the primary 

sensory and motor areas form the base of the hierarchy, while downstream areas 

successively integrate information more widely and perform more complex cognitive 

functions. The rostral prefrontal cortex and the polymodal associative sensory cortices 

form the highest level of the hierarchy.  

 

This progressively integrative hierarchy differs significantly from the view of 

cognitive architecture implied by Apperly and Butterfill’s analysis of the efficiency-

flexibility tradeoff. Specifically, the executive isn’t the only system that integrates 

information widely: intermediate systems exhibit various kinds of specialization, but 

they also integrate relatively wide-ranging information, perform information 

processing functions that are complex and flexible, and engage in rich interactions 

with other systems. We can illustrate this with two examples: the orbitofrontal cortex 

(OFC) and the mid-level visual system.  

 

The OFC plays a specialized role in determining the incentive value of action 

outcomes (Schoenbaum et al., 2003). It receives input from many sensory areas, has 

connections with motor systems, and is reciprocally connected with the basolateral 

amygdala and the parahippocampal region. In a review, Schoenbaum et al. (2003) 

present evidence that the OFC integrates sensory information with abstract relational 

processing to determine the value of outcomes, and interacts flexibly with other 

systems depending on the task requirements. Interactions with the basolateral 

amygdala help to determine the incentive values of outcomes: the amygdala and the 

OFC both process value information, but the amygdala processes relatively simple 

information concerning the value of the current outcome, while the OFC processes 

more complex relational information used to guide the actions, including sensory cues 

associated with outcomes. The OFC interacts with the parahippocampal region in 

tasks that require rapid, flexible abstraction, as is the case in a non-match to sample 
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task where the correct choice from a pair of items is the one that doesn’t match the 

sample item. 

 

The OFC thus shows that a specialized system can exhibit complex, flexible 

information processing that draws on wide-ranging sources of information. The 

example also reveals a way that rich interactivity can enhance efficiency. A strongly 

encapsulated system must perform all of the information processing required for 

producing solutions to the problems it solves internally, whereas a richly interacting 

system can rely on other systems for critical information. The construction of flexible 

assemblages for task performance allows for complex information processing tailored 

to the shifting demands of different tasks.  

 

The ‘mid-level visual system’ illustrates the fact that specialised systems can generate 

rich information that is consciously accessible. The information represented by this 

system is primarily spatiotemporal, and the system supports spatiotemporal inferences 

concerning objects, such as that an object continues to exist when it disappears behind 

a barrier, and, if it has an appropriate trajectory, that it will reappear at a particular 

time and location (Kahneman et al., 1992; Carey, 2009). Under certain circumstances 

the mid-level visual system is relatively insensitive to non-spatiotemporal 

information, and will interpret a stimulus sequence as depicting a single continuous 

object, even though this involves a transformation from one type of object to another, 

such as a rabbit transforming into a bird (Carey, 2009, pp. 72-3). Nevertheless, the 

mid-level visual system plays a powerful and relatively generalized role in object 

representation. It supports fairly rich inferences about objects, and is capable of 

learning complex relations, such as the fact that unsupported objects tend to fall 

(Baillargeon, 1998).  

 

Two further examples will help to show the benefits of cooperative relations between 

conscious cognitive control and lower order systems. Research with the patient HM 

played a foundational role in the development of the view that there are multiple 

memory systems, including a conscious declarative system and a non-conscious 

procedural system involved in motor skill learning. Milner (1962) trained HM to 

perform a mirror drawing task, and despite the fact that HM had no conscious 

memories of prior learning his ability improved with increased practice. This has been 
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taken to show that motor skills do not depend on conscious control, but as Stanley and 

Krakauer (2013) point out, HM required explicit verbal instructions each time he 

performed the task. This highlights one of the roles that conscious cognition plays in 

normal skilled action: it controls the circumstances in which the skill is exercised and 

how it is exercised. In other words, while it is true that non-conscious systems make a 

substantial contribution to motor skill, it is not the case that these skills are entirely 

‘procedural’. Higher order conscious knowledge plays a crucial role in the exercise of 

motor skills.8 

 

A final example reinforces the previous point and helps to illuminate the integrative 

role that higher cognition can play in cooperative relations with lower order systems. 

Language comprehension is a multi-level process that includes automatic 

components, higher level interpretive processes, and higher level influences on lower 

order processing. The interference found in the classic Stroop task (Posner and 

Snyder, 1975) shows that when attention is directed to a word, reading the word is an 

automatic, obligatory process, occurring even when it is irrelevant to the task 

requirements (naming the color of the text). But reading sentences and passages is a 

voluntary process, depending on sustained conscious attention. Comprehension 

involves the construction of a situation model (Zwaan and Radvansky, 1998), which 

provides an integrated interpretation. Lashley (1951) illustrated the importance of this 

integration with examples that reveal the role of high level interpretation for resolving 

lower level ambiguities such as occur with homophones and homographs. For 

instance, when the following sentence is spoken, the homophone ˈrītiNG must be 

resolved from the context: “Rapid righting with his uninjured hand saved from loss 

the contents of the capsized canoe” (p. 120). Moreover, the correct interpretation only 

becomes apparent when the whole sentence is understood, because the local context 

(“with his uninjured hand”) is misleading. This shows that in the sound → word → 

meaning processing stream, high level processing of meaning influences sound → 

word processing.  

 

In sum, these examples indicate that Apperly and Butterfill’s analysis of the 

efficiency-flexibility trade-off is mistaken; the demands of efficiency don’t require 
                                                
8 Christensen et al. (submitted) argue that conscious cognitive control plays an even stronger role in 
skilled action than suggested by Stanley and Krakauer, but we will not pursue this issue here. 
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strong encapsulation and simple information processing. Specialised systems can 

integrate information widely and engage in rich interactions with other specialised 

systems and with executive cognition. Indeed, this is an efficient form of organization 

for performing complex cognitive tasks because the processing burden is distributed 

and varied information processing resources can be accessed as required by shifting 

task demands.  

 

5.4 The integrative flexibility of infant mindreading suggests a cooperative multi-

system architecture 

The considerations raised in the previous section give background plausibility to the 

view that mindreading involves a cooperative multi-system architecture. But we can 

find more direct evidence for this within the mindreading literature.  

 

One of the most basic forms of evidence is inherent in the nature of the standard false 

belief task: generating the right prediction about Sally’s action in the false belief 

condition requires integrating diverse forms of situational information over an 

extended period of time, which means that the information processing is dependent on 

working memory and the construction of an integrated situation model. A strongly 

encapsulated non-conscious system is not capable of this kind of information 

processing. One possibility that must be considered is that there is a non-conscious 

mindreading system whose operation is parasitic on executive cognition. That is, 

executive cognition is responsible for the construction of the integrated situation 

model that connects Sally’s initial placing of the doll in the box, Anne’s moving the 

doll in Sally’s absence, and Sally’s subsequent approach to the original box. This 

information serves as input for the non-conscious belief representation system, but 

this system does not in turn provide output that feeds back into the integrated situation 

model. We can rule this possibility out, however. The fact that infants attribute to 

Sally the goal of obtaining the doll shows that their representation of Sally’s belief 

concerning the doll’s location does become incorporated into the integrated situation 

model. 

 

The findings from the verbal communication, active helping and naming paradigms 

provide especially compelling evidence that belief information is incorporated into 

the infant’s integrated situation model. When the confederate tells Sally the new 
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location of the doll (Song et al. 2008), the infant must be able to directly relate this 

declarative information to her representation of Sally’s belief about the doll’s location 

if she is to revise her expectations concerning what Sally will do. If an encapsulated 

non-conscious belief system were able to track beliefs independently of executive 

cognition (contrary to the argument of the preceding paragraph) it should be 

insensitive to changes in declarative knowledge. In the case of the active helping 

experiment (Buttelmann et al. 2009), the infant must use her representation of Sally’s 

belief in order to interpret Sally’s actions (attempting to open the box), and then use 

this information to inform the infant’s own action, which is to retrieve for Sally the 

doll from the other box. In the case where Sally points to one of the boxes and labels 

the toy inside a sefo (Southgate et al. 2010), the infant must again use her 

representation of Sally’s belief in order to interpret Sally’s referential intention. The 

infant must then use this information to inform her own action, which is to retrieve for 

Sally the toy in the other box.  

 

Taken as a whole, these experiments provide compelling evidence that infants are 

flexibly integrating belief information with other information in an integrated 

situation model. This implies that belief information is being processed by the 

executive system, which incorporates the flexible cortical-hippocampal memory 

system (Eichenbaum 2000). On the other hand, the evidence for sensitivity to various 

features of agency and belief at 3-7 months (Woodward, 1998; Sommerville et al., 

2005; Kovacs et al. 2010; Southgate et al., 2014) suggests that the representation of 

agency involves adaptively specialized systems. These two lines of evidence can be 

reconciled by the view that mindreading involves a cooperative multi-system 

architecture.  

 

5.5 A framework for flexible belief representation 

This returns us to the problem of explaining how infants can be capable of holistically 

inferential agency representation without attributing to them a ‘full blown’ adult-like 

folk psychology. Some potential ingredients for an account were introduced in our 

discussion of the behavior rules approach: statistical representation, causal 

representation, schemas, and models. We’ll now sketch a way of combining these 

ingredients.  
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We won’t speculate about the specific processing characteristics of the early-

developing adaptively specialized agency systems, but at minimum they are likely to 

bias attention to key features of agency. Statistical and causal learning will generate 

increasingly differentiated representations of these features and relations amongst 

them. Statistical learning is known to play a powerful role in the segmentation of 

speech sounds into words (Saffran et al., 2001), and is likely to play a similar role in 

segmenting core agentic structure. Causal learning will similarly help to differentiate 

key features and structures, but as well as pattern it identifies causal properties. The 

diagnosticity of causal learning will help to focus attention and build patterns of 

salience. And developing causal knowledge will build flexible inferential connections 

between the various aspects of agency, such as motivational states, perceptual 

awareness, goals, and actions. In combination, statistical and causal learning will 

build an increasingly rich and articulated stock of schemas for various aspects of 

agency, and learning will occur at multiple levels, including low level structures for 

basic agentic parsing and higher level schemas and causal representations for 

situations and integrated action structures. The stock of schemas and causal 

knowledge provides the basis for the construction of models for particular situations, 

and model construction becomes faster, more flexible and more detailed as this 

representational base becomes richer. Situation models are integrated: they are 

constructed progressively, and the elements are mutually constraining.  

 

This representational system is generative, and gains increasing power and flexibility 

as it gains greater articulation. It supports inferential holism with a suite of 

interconnected mechanisms, none of which presuppose the very rich, highly 

articulated psychological conceptions involved in adult mindreading. In this respect 

it’s important to note that an infant can have very simple interconnected 

representations of causal features of agency without having abstract 

conceptualizations of agency. It’s also important to note that this representational 

system supports holistic inference without requiring that holistic inference be based 

on effortful abductive inference (the cognitive mechanism that Apperly and Butterfill 

associate with the flexibility of adult mindreading). Model construction is a holistic 

inferential process, but when it is scaffolded by a rich stock of schemas and causal 

knowledge it can occur rapidly and with little effort. Text comprehension is a useful 

reference point here: it can be very cognitively demanding when the material is 
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complex, difficult, and perhaps unusual (e.g., Joyce’s Ulysses), but can also be 

relatively effortless when the text is simple and the subject matter familiar (e.g., a 

story in the local newspaper reporting that the beaches in the area have again received 

a poor rating in pollution tests). 

 

Suggestive evidence in support of this account comes from findings that causal 

learning plays a role in infants’ representations of agency. Thus, Sommerville et al. 

(2005) gave 3-month-old infants experience picking up objects with ‘sticky mittens’ 

that had Velcro fabric on the palms. They found that this experience allowed the 

infants to interpret the reaching actions of an agent with a similar mitten as goal-

directed. Sommerville and Woodward (2005) found that 12-month-old infants 

understood the causal structure of an action in which a toy was moved by pulling a 

cloth the toy was sitting on. These results show that causal learning contributes to the 

representation of agency from a very young age, and in light of the considerations 

we’ve discussed, this may be an important clue to the basis of the substantial 

inferential flexibility shown by older infants in representations of agency. 

 

Our account also provides a reinterpretation of evidence that Apperly and Butterfill 

view as supporting the claim that efficient mindreading occurs automatically and 

independently of executive control. Samson et al. (2010) employed a task in which 

participants viewed an image of a room in which an avatar is standing in the middle 

and facing either to the left or to the right. On each trial, anywhere from zero to three 

red discs are displayed on the walls of the room, and due to the varying positions of 

the discs the avatar can see either none, some, or all of them. In the condition where 

participants simply had to report how many discs they themselves see (irrespective of 

the perspective of the avatar), it was found that performance was impaired when the 

participant could see a different number of discs to the avatar. Samson et al. 

interpreted this as showing that the participants were automatically calculating the 

number of discs the avatar could see, even though this was irrelevant to the task.  

 

While we agree that the results show that others’ perspectives are in some 

circumstances calculated spontaneously and efficiently, it is important to be cautious 

about interpreting this as evidence of a dedicated mindreading system. It is also 

possible, for example, that the effect is at least partially driven by domain-general 



Penultimate Draft. Comments Welcome. 

 35 

spatial-cueing, with the avatars serving as cues to trigger attention either to the left or 

to the right. In fact, this is the interpretation offered by Santiesteban et al. (2014), who 

replicated Samson et al.’s effect using arrows instead of avatars. What our multi-

systems account suggests, however, is that the disagreement between Santiesteban et 

al.’s domain-general interpretation and Samson et al.’s domain-specific interpretation 

may reflect a false dichotomy: the paradigm likely involves both domain-specific 

mechanisms for identifying agentic features (a human-like body, the gaze direction of 

the avatar), and a domain-general attentional mechanism (spatial cueing) that is 

engaged by the identification of agentic features. Indeed, the view that this paradigm 

engages a medley of domain-specific and domain-general systems is supported by 

earlier results showing that gaze cueing is not only similar to spatial cueing using 

arrows, but also, and in important ways, different from it: gaze cueing, unlike spatial 

cueing with arrows, is automatic in the sense that faces (but not arrows) trigger spatial 

cueing even if the gaze direction of the face has very low cue validity, and 

participants are informed of this (Driver et al.1999); and participants tend to evaluate 

faces in quasi-moral terms (i.e. as trustworthy or untrustworthy) depending on the cue 

validity of their gaze direction (Bayliss and Tipper 2006). In order to develop and test 

our multi-systems interpretation of these findings further, it would be important to 

investigate similarities and differences between avatars and other types of cue (such 

as arrows) in this paradigm. For example, unlike Santiesteban et al.’s account, our 

account generates the prediction that the validity of the avatar’s gaze direction may 

have little effect upon participants’ performance. On the other hand, unlike Samson et 

al.’s (and Butterfill and Apperly’s) automatic mindreading account, our account 

predicts that various other systems can cooperate with the systems engaged in this 

pararidgm. Thus, we predict that performance on the Samson paradigm could be 

modulated by manipulating participants’ beliefs about the avatar, for example about 

whether the avatar is sighted or blind, whether a pair of goggles that s/he is wearing is 

transparent or opaque, etc. Intriguingly, this latter prediction is motivated by the 

findings of Teufel et al. (2009), who reported that participants’ processing of gaze 

direction was facilitated when a subject believed that a person wearing goggles was 

able to see through them (as opposed to the goggles being opaque). 

 

More generally speaking, the experiment has similarities to the classic Stroop task, 

and the underlying mechanisms may also have structural similarities. As we discussed 
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above, when attention is directed to a word, the word is read automatically. This 

doesn’t show that word reading is performed by an encapsulated non-conscious 

system that operates independently of executive control, however. Word reading 

feeds into higher order voluntary reading processes, and is itself under executive 

control through the control of attention and eye gaze. On our account, high level 

mindreading is supported by low level agency parsing mechanisms that function 

analogously to the mechanisms underlying word reading. When an individual is 

viewing or otherwise becoming acquainted with a situation, these mechanisms will 

automatically detect and process low level agentic structure in the situation. But these 

mechanisms do not operate in parallel with executive cognition; they feed into it and 

are in turn modulated by higher order control.  

 

But perhaps the most pressing problem for our account is the core puzzle introduced 

by the evidence for infant belief representation: explaining why infants succeed on the 

‘implicit’ versions of the false belief task but fail on ‘explicit’ versions. While we will 

not attempt to provide a comprehensive answer to this here, we do want to highlight 

the resources that our account offers for addressing the problem. A key initial point to 

note is that learning organizes knowledge for the particular kinds of activities and 

problems the individual engages in. Schemas and other forms of knowledge 

organization help to make relevant knowledge differentially available in familiar 

situations. The converse of this is that the individual may possess the underlying 

knowledge required to solve a particular problem, but not be able to deploy this 

knowledge because she lacks the relational understanding required to apply the 

knowledge in the situation. Maier’s (1931) pendulum experiments illustrate this kind 

of case. The participants undoubtedly possessed the concept ‘pendulum’, but could 

not relate the concept to the situation. 

 

In the case of mindreading, the early organization of the representation of agency in 

infants will be primarily in support of their own situational interpretations and 

activities. Being able to deploy knowledge in response to questions is a very different 

kind of cognitive problem than using knowledge in the course of immersed situational 

interpretation and action. In order to retrieve information from long term memory it is 

necessary to construct retrieval cues that access the information, and infants may lack 

the knowledge organization required to formulate the appropriate retrieval cues in 
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response to questions. In other words, they lack the appropriate cognitive ‘hooks’ to 

link questions to the relevant knowledge.  

 

But the way we have just described this makes it seem as if the problem is only one of 

accessing existing knowledge. In fact, we believe that the infant’s representations of 

agency will undergo a qualitative shift as they become increasingly articulated. This 

brings us to a final point of difference with Apperly and Butterfill’s account. They 

identify two kinds of belief representation: the non-conceptual form of representation 

performed by their minimal mindreading system, and the adult-like conceptual 

representation of beliefs ‘as such’. In contrast, while we acknowledge that belief 

reasoning is likely to be supported by various distinct forms of representation (e.g. 

statistical representations, causal representations, schemas, models and linguistically 

encoded representations), we deny that any neat division into two representational 

systems is motivated by existing data or by theoretical considerations, and we also 

maintain that cooperation of distinct representational systems, not segregation, is the 

more likely default. 

 

Having said this, it is important also to acknowledge that the development of 

increasingly explicit conceptualizations of beliefs and other aspects of agency will 

mark a qualitative shift in belief representation. Amongst other benefits, explicit 

conceptualizations provide the cognitive ‘hooks’ that allow knowledge to be accessed 

and processed in complex reasoning and in response to questions. At the same time, 

however, the development of explicit conceptualizations of belief and other features 

of agency is only one part of a larger suite of representational changes that support 

skilled social interaction. One of the core ideas informing our account is that the 

representation of belief is part of a larger suite of abilities involved in the 

representation of situations. Increasingly sophisticated understanding of various kinds 

of social situations makes a large contribution to the ability to represent beliefs 

(Michael et al., 2013). In this respect we are echoing Apperly (2011), who likewise 

highlights the role of social knowledge and situation models in mindreading 

(especially pp. 128-132). Here our main differences are in emphasis. Apperly 

recognizes that social knowledge can facilitate belief representation, but his prevailing 

focus is on the fact that social knowledge can reduce the need for accurate belief 

representation. We don’t disagree that this is one of the major cognitive effects of rich 
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social knowledge, but we feel that Apperly doesn’t fully capture the enabling role of 

social knowledge in belief representation. Highly articulated social knowledge 

provides a high degree of holistic inferential flexibility and allows subtle and precise 

belief representation. 

 

6 Conclusions 

It is worth distinguishing amongst the various claims we have made because it is 

possible to accept some without accepting the whole package. First of all, we have 

argued that the behavior reading approach does not do justice do the many findings 

that have been reported from various paradigms. Most importantly in this context, we 

have emphasized the significance of generativity and diagnosticity for understanding 

complex abilities that exhibit considerable flexibility. More specifically, we believe 

that it is likely that causal representation, schemas and models all contribute to belief 

reasoning, and that some of the key benefits they provide are generativity and 

diagnosticity. But perhaps the strongest consideration against the behavior reading 

approach is the substantial body of evidence that young infants are sensitive to many 

features of intentional agency and their interrelations (in addition to the literature 

cited above, for a review see Woodward et al. 2009). 

 

With respect to nativism, we’ve suggested that the balance of evidence favors the 

view that the development of mindreading involves qualitative changes in 

representational ability rather than just changes in access to executive cognition and 

improved ability to apply a belief concept. But it would be valuable to differentiate 

more clearly patterns of development in mindreading, and agency representation more 

generally, that could be expected on the basis of a nativist account and patterns 

distinctively predicted by qualitative change theories. In this respect, on the basis of 

our account it can be expected that learning exhibits a constructivist pattern in which 

the development of schemas and causal representation improves the ability to 

construct integrated situation models, which in turn improves the articulation and 

richness of causal and schematic representations. As the ability to differentiate simple 

relations in intentional agency develops, this opens up the ability to differentiate more 

complex relations, which will result in new conceptualizations at higher levels. 

 



Penultimate Draft. Comments Welcome. 

 39 

With respect to Apperly and Butterfill’s two systems theory, the strongest 

consideration against an encapsulated low level mindreading system lies in the nature 

of the false belief task: it requires the structured integration of diverse forms of 

information over extended periods of time. This is a signature of tasks that depend on 

executive cognition. Whether or not our specific claims concerning the architecture 

and representation of beliefs and agency are viewed as convincing, we think there are 

strong grounds for examining the possibility that mindreading involves a cooperative 

multi-system architecture of some kind. 
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