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Abstract

We identify a surprising discrepancy in children’s performance in two tasks which appear
superficially to require handling of the same properties of the representational mind. Four- to
six-year-olds made judgements about the knowledge of a protagonist who had only partial
information about an object: the child knew that an object in a box had two descriptions, X and
Y (e.g. dice and eraser), but the protagonist had access to only one of these, X. In Experiment
1, children who passed a standard false-belief task also judged correctly that the protagonist
did not know the X was Y, but often judged wrongly that he did know there was a Y in the box.

In Experiment 2, children predicted wrongly where the protagonist would look for a Y: the
problem was not purely linguistic. We argue that success on standard theory-of-mind tasks
can be supported by a more basic representing ability than is assumed in current theories, and
that children’s mental representation of referential relations between the world and the mind
subsequently undergoes important changé.998 Elsevier Science B.V. All rights reserved
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1. Introduction

In contemporary discussions of folk psychology, the mind is normally treated as a
representational system. There are several important consequences of this view
which together capture some of the essence of what differentiates the mental
world from the physical. First, the lack of a concrete causal link with the real
world allows the mind to entertain non-existing states of affairs, giving us the
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power of imagination. The price of such freedom is the capacity to misrepresent
reality and thus be committed to the truth of a non-existent state of affairs. The third
important consideration is that ‘...all representation — whether it is done by the mind,
language, pictures, or anything else — is always under certain aspects and not
others...” (Searle, 1983): when an object, for example, is ‘represented’, only a
limited number of the items in the extensional set belonging to that object are
captured.

Each of these consequences raises problems of reference when we want to think
about (or otherwise represent) mental contents. Our theories of folk psychology
must therefore also explain how these are handled, and developmental accounts
must explain this acquisition: How do we come to represent the relation between
the world, and contents that don’t exist in ‘current here-and-now reality’ or else only
capture some of the properties of their real world referents? Could all of these
problems be solved at a stroke with the advent of a mature theory of the mind, or
is there explanatory mileage in allowing that they may differ in their developmental
complexity? On the basis of data from two investigations of related skills that are
unusually late in developing, we shall argue that there is. We begin, though, by
contrasting some developmental accounts of what is commonly known as a ‘theory
of mind’.

A classic demonstration of errors in children’s handling of mentalistic problems is
the unexpected transfer task (Wimmer and Perner, 1983). In the original version, the
child observes as the location of a chocolate is changed in the absence of the
protagonist, Maxi. On Maxi’s return the child is asked to predict where Maxi will
look for the chocolate. To an adult it is clear that Maxi will look in the old location.
However, children rarely begin to pass this task until their fifth year, younger
children reply that Maxi will look in the current location of the chocolate.

Consistent results on this and other related tasks (e.g. Gopnik and Astington,
1988) have led to the apparent changes at 3—4 years becoming the primary focus
for investigation and theorising. Broadly speaking, explanations divide into two
kinds. The first claims that the afore-mentioned tasks underestimate children’s
understanding (e.g. Fodor, 1992; Robinson and Mitchell, 1992, 1994, 1995; Leslie,
1994; Mitchell, 1994, 1996; Moore et al., 1995; Russell, 1996). Variously, they try
to explain away the stage-like appearance of the change, emphasising instead,
factors that may develop gradually across the period of interest. For example,
Mitchell and Lacohee (1991) present evidence that children’s problems actually
consist in a reality bias; Russell et al. (1994) found evidence that children’s errors
were non-mentalistic and executive in nature; Fodor (1992) argues that children are
merely conservative in selecting hypotheses for explaining behaviour. The second
kind of explanation characterises children’s development as a change in their con-
cept of the mind (e.g. Chandler, 1988; Flavell et al., 1981; Wellman, 1990; Perner,
1991; Gopnik and Wellman, 1992; Carpendale and Chandler, 1996). It is this type of
explanation that makes the strongest claims about young children’s handling of
referential relations, and thus forms the appropriate backdrop to our investigations.
However, in the discussion we will also consider whether performance difficulties
could explain our findings.
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Perner claims that the transition at 3—4 years of age marks a conceptual leap in
children’s understanding of the mind and of representations in general. By meta-
representing mental states as representations, the sophisticated referential relations
between a representation and the world are captured (e.g. Perner, 1991). Theories
such as Perner’s impressively accommodate the co-emergence of a number of folk-
psychological skills such as predicting behaviour on the basis of a false belief and
understanding deception. However, a survey of published experiments in the
broader area of mentalistic development gives the impression of a more complex
picture than these theorists suggest.

Besides the well-known clustering of changes at around the turn of the 3rd year,
there is a second cluster of tasks that children rarely pass before 6—7 years. For
example, children up to the age of around 5 or 6 years tend to judge that ambiguous
verbal input is more informative than it really is (e.g. Flavell et al., 1981; Robinson
and Robinson, 1982; Robinson and Whittaker, 1987; Robinson, 1994; Carpendale
and Chandler, 1996). They also appear to have related problems judging the infor-
mativeness of pictures (e.g. Robinson and Robinson, 1982; Chandler and Helm,
1984; Taylor, 1988). Finally, Russell (1987) presents data showing that children
aged 6—7 have difficulty understanding intensional contexts in which the normal
rules of extensional substitution do not hold.

The strategy of Perner and others (Perner and Davies, 1991) has been to try and
demonstrate that if task-specific limiting factors are removed, children can indeed
succeed on these apparently harder tasks at only 4 years of age (but see Mitchell et
al., 1997; Robinson, 1994). However, by insisting that the unexpected transfer task
diagnoses the last qualitative change in children’s understanding of the mind they
seem tied to this explanation for all such tasks. We will argue that this is an
important weakness in such accounts.

An alternative tack taken by Chandler (e.g. Carpendale and Chandler, 1996), is to
synthesise the results from interpretation and ambiguity tasks into a picture of late
conceptual development at 6—7 years. Children’s early abilities are not given the
singular importance they have in Perner’s account. Instead, Chandler argues that the
pattern of success and failure at this age can be best explained if children posses a
simple ‘copy theory’ of the mind (Chandler and Boyes, 1982). Later success on the
second cluster of tasks corresponds to a qualitative change involving insight into
‘the interpretive character of the knowing process’.

Amongst the experimental results clustering at 7 years, Russell's look at chil-
dren’s understanding of intensionality fits the least easily with Chandler's account
(Russell, 1987). In Russell's study, children aged 5-7 years were told a number of
different vignettes in which a character came to have incomplete knowledge about a
particular situation, e.g. George has his watch stolen but doesn’t see the thief. Some
test questions asked what it was possible to say about the character’s thoughts, e.g.
‘can we say that George was thinking...?’. In such intensional contexts, the answer
was constrained by the knowledge state of the character so that if he did not know
that the thief was a man with curly red hair, it was incorrect to say that George was
thinking ‘I must find the man with curly red hair who stole my watch’. Results
showed a significant age-related improvement, with errors on the intensional ques-
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tions decreasing from an average of 87.5% at age 5, to around 50% at age 7. In
contrast, virtually all the children were able to distinguish between intentional and
extensional contexts. Thatis, in line with the expected performance of this age group
on the standard false-belief tests, they were able to ignore their own knowledge of
reality and answer that we cannot say that ‘George knows that the thief is a man with
curly red hair'.

Although it has the necessary time course, Chandler's account appears ill-
equipped to cope with this dissociation. Children who can acknowledge George’s
ignorance of the thief's hair colour seem already to be beyond a simple copy theory
of the mind. A simple copy theory would lead them to assume that if George knows
something about the person who stole his watch, he must know everything. But if
this is the case, their misunderstanding of the intensional context cannot be due to
their possessing a copy theory. Perhaps an elaborated copy theory of some kind
would allow them to deny that we can say that George knows the thief is a man with
curly red hair, but then they should surely also deny that we can say that George
knows that the man with the curly red hair stole his watch. Either way, like Perner
whose 4-year-old’s theory of representation should entail the restrictions on refer-
ence in intensional contexts, Chandler seems forced to try and explain away chil-
dren’s problems. So how might Russell’s findings be explained?

The relative complexity of Russell's vignettes and questions leaves it open for
both Perner and Chandler to object that incidental task factors could indeed be
masking children’s true competence. Although children’s success at reporting that
George doesn’t know that the thief is a man with curly red hair weakens this
argument somewhat, the differences between Russell's tasks and standard theory-
of-mind tasks are too great for such a possibility to be ignored. A different strategy is
to rule intensionality out of court as a mentalistic phenomenon.

According to Russell, ‘understanding opaque [intensional] contexts is a form of
specifically linguistic knowledge that is probably not present before middle child-
hood’ (Russell, 1992; p. 496). This view contrasts with Perner’s general account
because handling of opacity is seen by Russell as a problem posed in language
interpretation, not in mental representation. However, Perner himself uses just
such an explanation to reconcile these data with his theory: By claiming that the
problem Russell poses is a pragmatic one, he places it outside of the ‘theory-of-
representation’ domain of his own account (Perner, 1991). A similar option is also
open to Chandler.

An alternative interpretation becomes apparent when the particular referential
problems posed by Russell’'s tasks are examined closely. The intensionality of con-
texts such as those in Russell's study results from the conditions of satisfaction of a
meta-representation (how we describe George’s belief) being dependent upon the
features of the primary representation (the belief itself) rather than the features of the
object of that representation (see Searle, 1983). That is to say, the problems of
reference in intensional contexts arise because representations only partially capture
their referents. Perner's over-arching theory does not differentiate the source of
these referential problems from complexities that arise because the mind can refer
to different times, places and hypothetical states of affairs. Yet there is no a priori
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reason for treating these as equivalent in development: representing a mental state as
only partially capturing its referents may not be equal in difficulty to representing its
referring to different times, places or hypothetical situations. We believe that these
distinctions are exactly what make some mentalistic tasks easier than others.

Unlike the above account, an explanation that splits children’s achievements in
this way might be extended to explain their problems with other tasks. For example,
ambiguous utterances can occur because, as representations of the world, messages
only capture certain aspects of their referents. Hence, in an ambiguous sentence, it is
impossible to distinguish the intended referent from another similar object which
meets the same limited specifications of the description. The current account thus
suggests that ambiguity tasks are harder than false-belief tasks, because they require
the child to model the contents of the ambiguous utterance as partial and therefore
limited in their referential scope.

In sum, the respective theories of Perner and Chandler each appear to have two
possible ways of accounting for Russell’s findings: either children’s problems with
intensionality (referential opacity) are incidental and task-specific, or they are purely
linguistic and thus come outside of either theory of mental development. If it can be
shown that neither account holds, and if children’s errors do not just reduce to
performance problems, the way would seem to be clear for our alternative explana-
tion. Therefore, in Experiment 1 we tested the strength of Russell’'s important results
in a setting that bears much closer comparison with standard false-belief tests and
therefore permits stronger conclusions to be drawn about differences in difficulty. In
Experiment 2 we went on to examine Russell's argument that referential opacity is a
purely linguistic notion (Russell, 1992).

2. Experiment 1

As summarised above, Russell's tasks required children to reflect on whether a
particular linguistic description was true or false: can we say George was thinking...?
(Russell, 1987). We aimed to create a simplified version of Russell's task that
retained the essential features of intensional contexts arising out of the partial
knowledge of one story character, while eliminating some task-specific complexity.
We reduced the number of embedded clauses in the test question from four to one. In
our modified versions, children were not asked to judge whether we can say such and
such about George’'s thoughts, but were simply asked whether the protagonist knew
such and such. Hence the form of our test questions was very similar to those which
have been widely used in theory-of-mind research (e.g. Pillow, 1989; Pillow, 1993;
Pratt and Bryant, 1990). We used objects referred to by two definite descriptions (X
and Y). The child and experimenter knew both descriptions whilst the puppet pro-
tagonist was only able to find out one (X) when he looked at the object. Thus
description X was the only correct content of the puppet’s propositional attitudes
towards the object. We assessed children’s understanding of this with three ques-
tions. Following Russell, we considered whether children were willing to use
description Y’ in an extensional context: ‘can Heinz see the ‘Y’ in the box?'.
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We also checked that the children could differentiate intentional and extensional
contexts by asking, ‘does Heinz know the ‘X’ is ‘Y’?’ To create an intensional
context we asked: ‘does Heinz know there’s a ‘Y’ in the box?’ Recall that the
children in Russell's experiments found intensional contexts particularly hard. By
reducing task-specific demands we expected this to decrease somewhat. However,
our foregoing analysis would predict that any questions regarding Heinz's knowl-
edge should remain harder than the standard false-belief tasks, since both appear to
concern the partial nature of mental representations. If this prediction was borne out,
even with our modifications of Russell’s tasks, then we would be in a strong position
to argue that handling of referential opacity is not acquired in a single conceptual
change as Perner’s general theory holds (Perner, 1991).

2.1. Method

Each child was tested individually on four tasks. Two were like the task described
above and it was not appropriate to judge that the protagonist knew the second
description on the basis of his limited informational access. A third, control task
was similar in form, but this time it was appropriate to judge that the protagonist
knew the second description even though he had the same limited informational
access. The fourth task was a standard deceptive box task.

2.1.1. Participants

We tested 28 children from a nursery class (13 boys and 15 girls) aged between 3
years 7 months and 4 years 9 months (mean age 4 years 3 months), and 48 children
from a reception class (27 boys and 21 girls) aged between 4 years 10 months and 5
years 11 months (mean age 5 years 4 months). We shall refer to these as the 4- and 5-
year-olds, respectively. All the children attended the same junior/infant school with
a lower middle class/upper working class catchment area in Birmingham, UK, and
spoke English as their first language.

2.1.2. Materials

A bouncy ball, a rubber dice (‘rubber’ is the standard British term for an eraser)
and a toy duck were all contained in similar tin boxes. During the experiment, each
item was referred to by two possible definite descriptions: ‘ball’/‘present’, ‘dice’/
‘rubber’ and ‘duck’/'toy’ respectively. In the case of the first two items, only one
description was obvious from visual inspection (‘ball’ and ‘dice’). For the third, both
‘duck’ and ‘toy’ were discernible from visual access and this was used in the control
task. The fourth item, used for the deceptive box task, was a plastic horse which was
contained in a packaging box with a picture of a teddy on the outside. The prota-
gonist for every trial was a puppet called Heinz.

2.1.3. Procedure

Trials with the ball and dice followed the same general form. Children were first
allowed to look inside the box and the visually-obvious label was agreed (children
had no difficulty in naming the ball and the dice). Next, the second label had to be
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agreed. In the case of the ball, the children were conspiratorially informed that ‘...this
is going to be a present for Heinz, except we haven't told him and we don’t want him
to find out right now, so we’'ll have to whisper very quietly when he looks..." For the
dice, they were allowed to feel the item, and if they did not spontaneously identify it
as a rubber, it was demonstrated until this second label was agreed. The two descrip-
tions were then reiterated: ‘...so it looks like a dice and it feels like a rubber...’
Children had therefore heard referential use of both labels for each item and the
different modes of perceptual access had been made clear. Next the children observed
as Heinz looked inside the box. The lack of other perceptual access was emphasised
in the case of the ball by whispering the questions, and in the case of the dice by
saying ‘now Heinz is going to look inside the box but he’s not going to feel'.

With the box still open, half of the children were asked:

Q1 (extensional) can Heinz see the (present/rubber) inside the box? (coyres}.

The other half had no question, guarding against the possibility of this initial
‘extensional’ question promoting later errors. After the box was closed the children
were asked either:

Q2 (intentional) does Heinz know the (ball/dice) is a (present/rubber)?
(correct= no).

or

Q3 (intensional) does Heinz know there's a (present/rubber) in the box?
(correct= no).

The trial with the duck/toy was similar. However, in this case only one label,
‘duck’, was agreed in advance, to control against children allowing substitution
merely because the labels had been agreed with the experimenter. Thus, the ‘toy’
label was novel to the children when they were asked Q1: ‘can Heinz see the toy
inside the box?’ (correct yes). Next they were asked Qla: ‘can you see the toy
with your eyes right now?’ (correct no, as the box was tipped away from the
child). All children were asked Q3: ‘does Heinz know there’'s a toy inside the
box?’ (correct= yes) followed by Q3a: ‘do you know there’s a toy inside the
box?’(correct= yes). Thus, this trial served as a double control, ensuring firstly
that the child was willing to allow substitution of definite descriptions when the
context was transparent, and secondly that the child was able correctly to attribute
the basic seeing—knowing relationship both to themselves and the puppet.

On the deceptive box trial children were shown the box and asked what they
thought was inside. After agreeing upon ‘teddy’, the children were allowed to look
inside the box and find the horse. After closing the box, children were asked ‘Heinz
hasn’t seen inside this box before. When he first sees it, before he opens it, what will
he think is inside?’

The four trials were partially counter-balanced: the deceptive box test always
came first or last and the duck/toy control test always came before the dice and
ball tasks. The order of the latter two tasks was counter-balanced and the question
type (intentional or intensional) varied between participants. In sum, aside from
simple differences in order, there were four distinct trial types for the ball and
dice items. Trial type was consistent within child: intentional only, extensional
and intentional, intensional only, and extensional and intensional.
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2.2. Results and discussion

First we checked children’s answers in the duck/toy control task. Two children
were excluded from the 4-year-old sample after they insisted that they could see the
toy when the box was tipped away from them (control question, Q1a). Two children
were excluded from the 5-year-old sample for the same reason and a further three for
evidencing suspicions about the puppet’s ability to see or know anything. All other
children got the four questions of the duck/toy control task correct.

Performance on the deceptive box task was in line with the published literature:
ten of the 26 4-year-olds (38%) answered correctly, compared with 33 of the 43 5-
year-olds (76%). As would be expected, performance on the deceptive box im-
proved significantly with agg?(1,n = 69) = 10.11,P < 0.002.

For the other two tasks, the dice/rubber and ball/present, there were no significant
order effects (chi-squared test, 8lI> 0.43). Table 1 gives a break-down of chil-
dren’s performance in the four basic experimental groups. To test whether the
presence or absence of the extensional question Q1 (‘can Heinz see...?’) had any
effect upon responses to intentional or intensional questions, children were classified
according to whether they got none, one or both of these (Q2 or Q3) questions
correct. No effect was found (chi-squared test,Pal> 0.389).

On the basis of this result, data from children who were asked Q1 were combined
with those from children who were not. Table 2 shows the incidence of correct
responses to the two questions in the dice/rubber and ball/present tasks.

Children performed at ceiling in answer to the extensional question: they all
judged correctly that Heinz could see the present or rubber. This could be interpreted
as a sign that children did not over-extend the consequences of the puppet’s ignor-
ance of those descriptions of the items to extensional contexts created by the verb
‘see’. However this same result would be predicted if children were generally
relaxed about referential substitution in any context, and as we shall see below
their answers to the intentional and intensional questions suggest that this was the
case.

Our main interest is in the answers to intentional Q2 (e.g. ‘does Heinz know the
dice is a rubber?’) and intensional Q3 (e.g. ‘does Heinz know there’s a rubber in the
box?’). As shown in Table 2, our younger children performed poorly in answer to

Table 1
Numbers of 4- and 5-year-olds who got none, one or both intentional (or intensional) questions correct in
the four principle conditions of Experiment 1

Condition Number of correct responses in  Number of correct responses in
nursery class (4 years)= 26 reception class (5 years)= 43
0 1 2 0 1 2
Intentional only 2 2 2 1 3 7
Intentional+ extensional 5 1 1 3 2 5
Intensional only 4 1 1 7 2 2
Intensional+ extensional 7 0 0 10 1 0
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Table 2
Numbers (%) of 4- and 5-year-olds who answered intentional and intensional questions correctly in the
dice/rubber and ball/present tasks in Experiment 1

Age group Question Dice/rubber Ball/present
Nursery (4 years) Q2, intentional ‘knows X is Y?’ 6 (46%) 3 (23%)

?23_’ :ilr?tensional ‘knows Y is in box?’ 2 (16%) 1 (8%)
Reception (5 years) " (_3213 intentional ‘knows X is Y?’ 14 (67%) 15 (71%)

g::’ 2Ir%tensional ‘knows Y is in box?’ 3 (14%) 4 (18%)

n=22

both questions, with no significant differences between questions. In contrast, the
older children showed highly-significant differences between answers to intentional
and intensional question types, with the intensional question (‘does Heinz know
there’s a rubber/present in the box?") the more difficult. For the dice/rubfer,

(1, n=43)=12.6,P < 0.0001 and for the ball/present? (1, n = 43) = 12.35,

P < 0.0001. Many children judged correctly that Heinz did not know that the
dice was a rubber (or the ball a present) while few judged correctly that Heinz
did not know there was a rubber (or a present) in the box.

These differences for the 5-year-olds were reflected in comparisons with the
deceptive box test. There was no difference in difficulty between intentional Q2
and the deceptive box task, while intensional Q3 was harder than the deceptive box
task: McNemar'sx® (1, n = 22) = 13.1, P < 0.001 for the dice/rubber, angf(1,
n=22)=12.1,P < 0.001 for the ball/present. These results are consistent with the
assumption that intentional Q2, like the deceptive box test, tapped children’s ability
to distinguish between intentional contexts (as represented by the mind) and exten-
sional contexts (the real state of affairs).

Comparing the age groups, although performance on the intentional Q2 (‘knows
Xis Y?") showed signs of improvement from an average of 34% to 69%, this did not
reach significance when the frequencies of responses (neither Q2 correct, one Q2
correct or both Q2s correct) were compared: (2, n = 34)=5.12, P = 0.077.
Performance on the intensional Q3 (‘knows Y is in the box?’) did not improve
significantly: average scores across the two Q3s were 3/26 (11%) to 7/43 (15%).

In line with the findings of O’Neill et al. (1992) and Robinson et al. (1997), our 5-
year-olds were able to distinguish between the knowledge acquired from seeing
versus feeling, although this appeared to be a little harder than the deceptive box
task. Additionally, in the present study, they used this modality-specific access to
infer the puppet’s knowledge of alternative descriptions for the objects, as assessed
by intentional Q2. However, the dramatic disparity with performance on inten-
sional Q3 suggests that even though children could correctly identify what the
puppet did or did not know, they often failed to apply this in intensional con-
texts where substitution of co-referential terms affected the truth value of the
sentence.
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To summarise, the surprising result from Experiment 1 is that children who are
successful at predicting another’s false belief, correctly report another’s ignorance
of a label for an object and are significantly worse at treating descriptions of what a
person knows as constrained by that person’s actual knowledge about an object.
While performance on the false-belief task and the intentional Q2 showed improve-
ment across our age groups, performance on the intensional task remained consis-
tently bad. This poor performance in response to intensional Q3 replicates the
essential finding of Russell (1987) even though our tasks were dramatically simpli-
fied versions of his.

According to Perner (1991), success on false-belief tests marks a qualitative shift
in children’s understanding of the representational mind, and acknowledgement of
false belief is considered to entail the same skills as understanding referential opa-
city (intensionality). What, then, is the basis of this enormous discrepancy between
children’s ability to contrast explicitly a person’s knowledge and ignorance of two
definite descriptions of an object (X and Y), and their ability to acknowledge that it
is wrong to make 'Y’ the content of the person’s propositional attitudes?

Maybe there was simply a performance difficulty with the intensional question,
in that children for some reason failed to make use of the fact that Heinz did not
know the dice was a rubber. That is, whereas the intentional Q2 asked children
directly about Heinz’'s knowledge of the item’s properties, perhaps the intensional
Q3 asked them only indirectly to take Heinz's ignorance into account. Such an
explanation for the difference in difficulty would predict an effect of presentation
order on answers to the two questions, i.e. if children were asked the intentional
question first they should perform better on the intensional question than if they
were asked the intensional question first. In Experiment 1 we were concerned not to
confound any such effect with overall differences between the two types of ques-
tion. Having found such differences, Experiment 2 was designed to allow the above
prediction to be tested.

Both Perner (1991) and Russell (1996) have suggested a language-based explana-
tion for why children might answer ‘yes’ to an intensional question while answering
‘no’ to an intentional one. Whilst the latter unambiguously concerns Heinz's knowl-
edge vis avis definite descriptions of the object (e.g. that the dice is a rubber), the
former could be heard as ‘does Heinz know there’s an (object that you and | know is,
and therefore can refer to as, ‘a present’) in the box?’ which has the correct answer
‘ves'’. As Russell noted in his 1987 article, the distinction between transparent and
opaque interpretations is a purely pragmatic one, so in certain circumstances a
transparent interpretation could be the more appropriate (Russell, 1987). Perhaps
children have problems deciding which interpretation to make.

For such an explanation to hold water we need to ensure that adults do indeed
observe the anticipated convention in our scenarios. Only then could children’s
responses be considered non-conventional. We therefore presented 33 sixth-form
students (17-18 years) with the dice/rubber and ball/present tasks from Experiment
1. We were only interested in responses to the intensional question but as in Experi-
ment 1, for half of the sample this was preceded by an extensional question. We
anticipated that the relative familiarity of dice/rubbers would allow some adults to
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say that one could tell just by looking that it was a rubber, and this was borne out in
the results: for the dice/rubber only 25/33 (76%) said that Heinz did not know there
was a rubber inside the box. For the ball/present there were no familiarity problems
and this time 30/33 (91%) said correctly that he did not know there was a present
inside the box. Thus, overall we were happy that the adult interpretation of our
scenarios was as anticipated, which allows the explanation in terms of linguistic
pragmatic difficulties to remain a possibility.

Yet another possible reason for children’s errors was suggested in the introduc-
tion: the representational demands of intensional contexts may be qualitatively
different from those of the theory-of-mind tasks passed at around 4 years because
they require representation of the fact that mental representations are partial. Initi-
ally, this suggestion appears inadequate since the intentional question above (e.g.
‘does Heinz know that the ball is a present?’) surely asks about partial representation
but was no harder than the deceptive box test. However, while this is certainly the
adult interpretation of both intentional and intensional questions, this may not
necessarily be the case for children. We believe it is possible to succeed on inten-
tional Q2 but not intensional Q3 simply by appreciating that Heinz only has partial
access to information. He sees the ball in the box and does not hear that it is a present
but the relation between these two facts (i.e. that they both share the same object of
reference) is not represented: in this respect we suggest the child does not represent
Heinz’'s knowledge as partial.

Without the support of such a representation, children cannot make an opaque
interpretation of the intensional context which, as we saw above, arises precisely
because the way we describe the object of Heinz’'s knowledge is constrained by what
Heinz knows. To labour the point, if the connection between the facts that Heinz
knows about the ball but not about the present is not represented, the child’s own
knowledge that they co-refer will force transparent interpretations of intensional
contexts: either term can describe Heinz referring to the object since for the child
they do co-refer. This point is not pedantic but crucial, because transparent readings
have very different effects upon the meanings of questions 2 and 3.

Intensional Q3 has an opaque reading corresponding to something like: ‘does
Heinz know that ‘there’s a present in the box'?’, which has the correct answer
‘no’. In contrast, a transparent reading would be: ‘does Heinz know there’s some-
thing in the box?’ which has the correct answer ‘yes’, since Heinz has seen inside the
box. This is clearly different from intentional Q2 which has the opaque reading:
‘does Heinz know that ‘the ball is a present’?’ (correct answer ‘no’), and the trans-
parent reading: ‘does Heinz know that thing is a present?’ which still has the correct
answer ‘no’. Thus, whilst for an adult, the natural reading of intentional Q2 contrasts
explicitly what we know with what Heinz knows, the answer to the question remains
the same under the other possible reading.

This analysis shows the crucial difference between the intentional and intensional
guestions very clearly, and allows a basic failure to represent the partial nature of
mental representations to remain in the running as a reason for children’s difficulties.
We thus have two candidate explanations. The first suggests that children lack an
understanding of the rules governing the substitution of co-referential terms in
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intensional contexts, which according to Russell (1992) is a form of specifically-
linguistic knowledge. The second locates their problems at the much more funda-
mental level of the representation of referential relations between reality and the
mind. Experiment 2 was an attempt to separate these two explanations.

3. Experiment 2

If children’s problems in Experiment 1 were due to a lack of knowledge about the
pragmatic substitution rules in talk about mental states, the obvious prediction is that
where there is no linguistic intensional context, reasoning about partial knowledge
will be no more difficult than any other theory-of-mind task. In contrast, if children
have a basic problem representing this consequence of the representational mind,
predicting actions arising from partial knowledge will be as difficult as describing it.

In Experiment 2 children were asked to predict Heinz’s search behaviour on the
basis of partial knowledge. This method had two additional advantages over Experi-
ment 1. First, it was possible to make a very exact false-belief style control so that
there was no uncertainty about task-specific difficulties. Second, whilst in the lan-
guage-based situations so far discussed, children’s answers to the intensional ques-
tions could only be conventionally wrong, in Experiment 2 children’s mistakes
would be clear errors — not a matter of interpretation but simply wrong.

3.1. Method

The principal test conditions used objects that could be referred to by two definite
descriptions (X and Y), only one of which was visually obvious (X). These were
paired with objects whose appearance demanded the non-obvious definite descrip-
tion Y. So for example, the dice/rubber from Experiment 1 was paired with a rubber
of normal appearance. After the child had examined the objects and the definite
descriptions had been agreed, s/he watched as the puppet was allowed visual access
only. As in Experiment 1, we checked that children had followed the scenario with
intentional Q2: ‘does Heinz know that the X is a Y?’ Presentation of this question
was counter-balanced with pseudo-intensional Q1 ‘where will Heinz go to look for a
Y?' This question was labelled pseudo-intensional, in recognition of the fact that,
whilst it was not intensional in itself, a correct answer required the child to represent
Heinz's knowledge. This meta-representation would necessarily entail an inten-
sional context. Importantly, each child received both questions within trials. Recall
that in the discussion of Experiment 1 we mentioned the possibility that children’s
extensional errors were merely performance problems and that these might be
eliminated if children were prompted to consider the partial representational con-
tent. The above design means that half of the children receive just such a prompt, in
the form of intentional Q2, before they are asked to predict what Heinz will do.

Earlier, we noted that the handling of ambiguity and intensional contexts both
seem to require that the partial nature of representations be represented. We were
therefore interested in whether performance on a test that required the child to
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recognise ambiguity in an utterance would be related to that on the pseudo-inten-
sional tasks.

3.1.1. Participants

We tested 39 children (19 boys and 20 girls) aged between 4 years 3 months and 5
years 2 months (mean age 4 years 9 months) who were in reception classes, 54
children (27 boys and 27 girls) aged between 5 years 3 months and 6 years 2 months
(mean age 5 years 9 months) from year 1 classes, and 37 children (18 boys and 19
girls) aged between 6 years 3 months and 7 years 2 months (mean age 6 years 9
months) from year 2 classes. We shall refer to these as the 4-, 5- and 6-year-olds,
respectively. All the children attended the same infant/junior school with a lower
middle class/upper working class catchment area in Birmingham, UK, and spoke
English as their first language.

3.1.2. Materials

There were three different pairs of items used for the two pseudo-intensional
conditions and the intentional control condition respectively. In the pseudo-inten-
sional conditions, one item in each pair had a dual function, only one of which was
visually apparent. The dice/rubber from Experiment 1 was used again and was
paired with a rubber of normal appearance. The rubbers were contained in separate
boxes. The second item was a baby’s toy that looked like a ball and contained a bell
which was not apparent unless the ball was shaken. This was paired with a typical
bell. Rather than boxes, covers that could be removed noiselessly were used to hide
these items (see Section 3.1.3). The intentional control condition used a pair of
identical pencil sharpeners that could be hidden under two up-turned tins. For the
ambiguity task we used a Lego chassis with missing rear wheels that could be fitted
with identically-coloured (both red and black) wheels of different sizes. The decep-
tive box control task was as described in Experiment 1. The puppet, Heinz, was used
once more as the co-protagonist in each trial.

3.1.3. Procedure
Children were tested individually with all five items. In the two pseudo-inten-

sional tasks, children always received the item with the dual identity first. With the
dice, they were allowed to see the item in its box and the visually-obvious label was
agreed before they felt it. If children did not identify it as a rubber spontaneously
upon feeling, it was demonstrated. Once agreed, the two descriptions were then
reiterated: ‘...so it looks like a dice and it feels like a rubber...” Next, they looked
in the second box and were asked to identify the other rubber. Children had no
difficulty with these naming tests. Next, children observed as Heinz looked inside
the boxes, now placed apart on the table in front of the child (both the relative spatial
position of the two boxes and the order in which the puppet looked was random). As
before, Heinz's lack of other perceptual access was emphasised by saying ‘now
Heinz is looking inside the boxes, but he’s not feeling’. With the lids back on the
boxes, children were shown a cartoon drawn in pencil and told that Heinz wants to
change the mouth on the figure from a frown to a smile, so he needs to find a rubber.
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Children were asked either the pseudo-intensional question first:

Q1 ‘where will Heinz go to find a rubber?’

and regardless of their answer, this was followed by the intentional question

Q2 ‘does Heinz know that the dice is a rubber?’,

or they received these questions in the opposite order. This ordering was counter-
balanced between child but was consistent within child. Children’s responses invari-
ably took the form of a pointing gesture.

Trials with the ball/bell followed the same general form. This time, children heard
and identified the bell before they saw and identified it as a ball. Again, these labels
were reiterated with emphasis upon what information was available from seeing
versus hearing: ‘it looks like a ball and it sounds like a bell’. Both items were placed
on the table in front of the child and individually covered. After Heinz had viewed
the items under the covers the child was told that he wanted to make some noise to
wake up his friend who was asleep under the table. The pseudo-intensional question
then became:

Q1 ‘where will Heinz go to make some noise?’

whilst the intentional question remained

Q2 ‘does Heinz know that the ball is a bell?’

The intentional control task had a similar surface form but was crucially different,
because this time Heinz did not know about one of the objects. Children were
introduced to one pencil sharpener in the presence of Heinz. They were then told
that he wants to hide it under one of the (two up-turned) boxes on the table. Once he
had seen the sharpener hidden under one box, Heinz was removed from the table and
put out of the way in a bag. Children were then shown a second identical sharpener
and it was suggested that they hide it under the other box on the table. It was
emphasised that Heinz could not see what we were doing. Heinz then returned to
the table, needing a pencil sharpener. Children were either asked the action question:

Q1 ‘where will Heinz go and look for a pencil sharpener?’

followed by intentional knowledge question:

Q2 ‘Does Heinz know that there’s a pencil sharpener in here?’ (pointing to the
second box)

or they received the Q2 first and Q1 second.

The ambiguity task was designed to be a relatively easy test of children’s under-
standing of ambiguity in referential communication, in that children were asked to
judge the listener’'s knowledge rather than to identify the source of the problem
(Robinson and Whittaker, 1987; Sodian, 1988). Children were shown a Lego chassis
and told that Heinz had been making this toy, but that ‘...he can’'t decide which
wheels to put on it'. Children were shown that both sets of wheels fitted, producing a
car-like or tractor-like model, then the wheels were hidden under two boxes on the
table. Children were told ‘now we're going to get Heinz to make up his mind, we're
going to ask him to tell us exactly which ones he wants’. Heinz then ‘whispered’ to
the experimenter, who relayed the ambiguous message to the child: ‘he says he
wants the red and black wheels’. The test question followed:

‘do we know which ones he wants?’

The procedure for the deceptive box task was as described in Experiment 1.
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The five trials and their variants were partially counter-balanced. The three
pseudo-intensional and intentional trials were always blocked together, but were
ordered in the six possible ways. Half of the time, these tasks were preceded by the
deceptive box and ambiguity tasks, in that order. On the other occasions, the ambi-
guity and deceptive box tasks came after the three other tasks, in that order.

3.2. Results and Discussion

There were no effects of task order so all of the orders were combined for further
analysis.

Performance on the intentional control task Q1 was not significantly above the
chance baseline in the 4-year-olds: 24/39, 61%. Performance on Q2 (‘does Heinz
know there’s a sharpener in here?’) was similar with children achieving 26/39 (67%)
correct. As expected, the 5-year-olds performed better on Q1: 47/54, 87%, signifi-
cantly above chanc®, < 0.0001 by sign test). This was significantly better than the
4-year-olds4® (1,n = 93) = 16.13,P < 0.001). The 5-year olds also improved on
Q2: 52/54 (96%) %2 (1, n = 93) = 14.69,P < 0.001). There was no significant
improvement on this near-ceiling performance between the 5- and 6-year-olds
with children in year 2 scoring 31/37 (84%) on Q1 and 37/37 on Q2. In the -5
and 6-year-old groups, five and six children, respectively, were correct on Q2 and
incorrect on Q1, while no children showed the opposite pattern. This difference was
statistically significant only for the oldest group,= 0.032 by sign test. However,
answering Q2 first had no effect upon children’s answers to Q1, nor vice-versa: all
P > 0.47 by chi-square test.

On the deceptive box task 19/39 (49%) of the 4-year-olds were successful (from a
0% baseline), suggesting that the intentional control task was, if anything, a con-
servative measure of children’s ability to distinguish intentional and extensional
contexts. As would be expected, 5- and 6-year olds performed near ceiling (47/54
and 34/37 respectively).

Responses to the (intentional) knowledge question (Q2) of the pseudo-intensional
task showed the same pattern of change as the intentional control. The 4-, 5- and 6-
year olds scored an average of 17/39 (44%), 47/54 (87%) and 36/37 (97%), respec-
tively, across the two tests. Children were classified as having got none, one or both
of the knowledge questions correct, and on this basis, children showed significant
improvement with agey? (4, n = 130) = 47.5,P < 0.0001.

In marked contrast, scores on the action questions (Q1: ‘where will Heinz go
to...") of each of the two pseudo-intensional tasks were not significantly different
from chance in any of the three age groups. For the dice/rubber and ball/bell, scores
were: 4-year olds 15/39 (38%) and 15/39 (38%), 5-year olds 27/54 (50%) and 22/54
(41%), 6-year olds 24/37 (65%) and 20/37 (54%) respectively. The fact that the
rubber was referred to directly and the bell was only ‘to make some noise’ made no
significant difference to children’s performance on the two tests. We therefore
considered the two tasks together, classifying children according to whether they
got none, one or both of the pseudo-intensional questions correct. The combined
performance on the two pseudo-intensional tasks was compared with its expected
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distribution on the basis of chance performance. On this more sensitive measure, the
6-year-olds, but neither of the younger age groups, performed significantly above
chance (goodness-of-fif (2, n = 37)=10.4,P < 0.01, otherP > 0.05). Simi-

larly, when combined performance was considered, there was a significant change
in children’s performance across the three yeaxd (4, n=130)= 12.99,

P =0.011).

For both 5- and 6-year olds, the action question (Q1) was significantly harder than
both the knowledge question (Q2) and the matched intentional control task (all
P < 0.001 by sign test). This replicates the disparity of performance between inten-
tional and intensional questions we observed in Experiment 1.

Table 3 details children’s combined performance on the pseudo-intensional
task according to whether they had the pseudo-intensional or the intentional knowl-
edge question first. The tendency was towards better performance when the inten-
tional question came first, but no order effects approached significance (all
x* < 1.41, all P > 0.494): asking children first whether Heinz knew the dual
identity of the test item did not assist them in predicting where he would search.
This suggests that children’s difficulty with the action question was not simply due
to their failure to recall Heinz’s knowledge state. This is indeed striking, because
even if one does not normally subscribe to the performance error accounts outlined
in the introduction, one might reasonably expect such a relevant prompt to assist
children.

In the ambiguity task there was a pattern of improving performance from the 4-
year-olds (6/39, 15%) to 5-year-olds (24/54, 44%) to 6-year-olds (23/37, 62%)
which was significant ¢ (2, n = 130)= 17.72, P < 0.0001) and in line with
other results in the literature (see Robinson, 1994). As we expected, the ambiguity
task was consistently harder than the deceptive box tasR @&ll0.001 by sign test).

To compare performance on the ambiguity task with that on the pseudo-intensional
tasks, scores for the two pseudo-intensional tasks were combined. There was no

Table 3

Number (percentage of sub-group) of children in the three age groups who got zero, one or both pseudo-
intensional questions correct, divided according to whether they received the questions before or after the
intentional knowledge question

Order of questions Number of Reception Year 1 Year 2
in the pseudo- pseudo-intensional (4 years) (5 years) (6 years)
intensional questions correct  n =39 n =54 n=37
condition
Intentional question first 0 4 (29%) 7 (29%) 3 (19%)
1 8 (57%) 11 (46%) 4 (25%)
2 2 (14%) 6 (25%) 9 (56%)
Mean 6 (43%) 11.5 (48%) 11 (69%)
Pseudo-intensional 0 10 (40%) 9 (30%) 7 (30%)
question first
1 12 (48%) 16 (53%) 6 (29%)
2 3 (12%) 5 (17%) 8 (38%)

Mean 9 (36%) 13 (43%) 11 (52%)
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significant contingency between the two types of task for the 4-year-olds. For the 5-
year-olds there was just significant contingeng¥ (@, n = 54) = 6.01,P < 0.05).

For the 6-year-olds the contingency was non-significafit(, n = 37) = 5.66,

P = 0.059) largely as a result of noise from the pseudo-intensional task’'s 50%
base line. Following the method in Everitt (1992, pp. 41-44) we were able to reduce
this problem by partitioning thg? statistic. First, a contingency test was performed
comparing success on the ambiguity task for children who got either none or one of
the pseudo-intensional action questions (Q1) corpgal(, n = 20) = 0.213). These

two categories (that theoretically accounted for 75% of chance responses) were then
combined, and compared with the ambiguity results of children who had got both
pseudo-intensional action question correct. Contingency between the ambiguity and
pseudo-intensional tasks was then significagt (I, n = 37) = 5.45, P < 0.02),
suggesting, together with the results from the 5-year-olds, that the ambiguity and
pseudo-intensional tasks may place common demands on children.

To summarise, the results replicate the well-known finding that by 5-years of age,
children have little difficulty making the intentional/extensional distinction (as
required for success on deceptive box and unexpected transfer tests of false belief,
and the intentional control condition in the current study). Performance on the
ambiguity task is also consistent with the literature. Set against these bench-
marks, the children’s performance on the pseudo-intensional task is quite striking
(see summary in Table 4). In line with their performance on the deceptive box test
and intentional control, 5- and 6-year-olds found the intentional knowledge question
(Q2) easy: ‘of course Heinz doesn’t know that the dice is a rubber; he hasn't felt it’
In contrast, these children were at chance when they had to apply this knowledge and
predict where Heinz would look. However, there were significantly more 6-year-old
s passing both tasks than expected by chance, which suggests that at least some of
these oldest children were fully competent. Additionally, for both the 5- and 6-year-
olds there was significant contingency between performance on the pseudo-inten-
sional tasks and the ambiguity task. In the discussion we will argue that this is no

Table 4
Comparison of class performance across five of the experimental conditions
Age group Intentional Intentional Q2 ‘Pseudo-inten- Ambiguity = Deceptive box
control con-  from ‘pseudo- sional’ con- condition condition
dition, Q1 intensional ditions (mean)
50% baseline conditions 50% baseline
(mean)
Reception (4 years) 24 (61%) 17 (44%) 15 (38%) 6 (15%) 19 (49%)
n=239
Year 1 (5years) 47 (87%) 47 (87%) 24.5 (45%) 24 (44%) 47 (87T%)
n=>54
Year 2 (6 years) 31 (84%) 36 (97%) 22 (59%) 23 (62%) 34 (92%)
n=237

Both intentional control and ‘pseudo-intensional’ conditions have theoretical 50% baselines while em-
pirical evidence tells us that the ambiguity and deceptive box tasks have zero baselines.
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coincidence but in fact results from a basic similarity in the representational
demands of the two conditions.

4. General discussion and conclusions

In Experiment 1 we found a strong dissociation between children’s handling of
intensional and intentional contexts and we considered three candidate explanations:
a lack of linguistic knowledge about substitution rules in intensional contexts, a
performance error that masked underlying competence, and a basic problem repre-
senting referential relations. In Experiment 2 we found three lines of evidence to
support the last explanation.

First, linguistic knowledge of the kind discussed was irrelevant in Experiment 2,
since there simply was no linguistically-grounded intensional context and thus no
opportunity to make a non-conventional, transparent interpretation. But this does not
eliminate referential problems because, as Searle (1983) stresses, intensionality
results from representations only partially capturing their referents, it is independent
of the mode in which meta-representation occurs and thus is not a linguistic phe-
nomenon per se. According to Searle, at least some of the problems with intensional
contexts that occur in the linguistic realm, are mirrored precisely in mental repre-
sentation. Therefore, understanding reference between multiple situations must
require partitioning of the aspects under which an object is respectively represented.
This is exactly what we believe children are failing to do. The only substantial
difference between the two main conditions in Experiment 2 is that in the
pseudo-intensional task, Heinz's knowledge is partial whilst in the control — as in
all of the standard theory-of-mind test formulations — ignorance is total.

The second line of evidence against explanation in terms of linguistic knowledge
concerns the observed correlation between the pseudo-intensional condition and the
ambiguity task: Ambiguity has nothing to do with the pragmatics of when an opaque
or transparent interpretation is appropriate. In contrast, an inability to handle the
partial nature of representations (mental or linguistic) could explain the tendency to
judge that an utterance adequately discriminates two similar objects when in fact it
refers equally to both. The requirement to hold in mind the relation between the fully
specified ‘real-world’ object and its partially-specified representation is common to
the handling of both intensional contexts and ambiguity.

What about the possibility of performance problems mentioned in the introduc-
tion? Could children’s reality bias (e.g. Mitchell, 1996), executive limitations (e.g.
Russell, 1996) or economy of effort in selecting explanatory hypotheses (e.g. Fodor,
1992) explain our results? The counter-intuitive finding that answering a question
about what Heinz does not know had no significant effect upon children’s ability to
predict how he will act points away from such explanations. Further, the very close
similarity between the intentional control condition (in which children successfully
predicted action on the basis of straightforward knowledge and ignorance) and the
pseudo-intensional condition, surely makes the suggestion that children fail to select
a ‘belief-based’ hypothesis in the latter difficult to sustain. The necessary refine-
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ment, that children who can select a ‘belief based’ hypothesis fail to select a ‘partial
belief-based’ one when necessary seems somewhat ad hoc.

The results of both Experiments 1 and 2 also appear incompatible with the view
that the theory-of-mind tests passed at around 4 years diagnose the development of a
theory of meta-representation (e.g. Perner, 1991; Gopnik and Wellman, 1992). Such
a theory should be able to cope with intensional contexts as easily as false beliefs. By
showing that children’s difficulties persist even in very closely-controlled compar-
isons with other mentalistic tasks, the results presented here suggest that this is not
the case.

The developmental account of Chandler (e.g. Carpendale and Chandler, 1996)
which withholds a mature understanding of the mind until 6—7, initially seems better
equipped to explain the observed pattern of late change. However, we have already
suggested that it may fall down on the details. In Section 1, we argued that the
difference between a copy theory and an interpretive theory of the mind could not
easily explain the dissociation between intentional and intensional questions in
Russell's experiment (Russell, 1987). This argument applies equally to the results
of our two experiments. Furthermore, in Experiment 2 the close similarity between
the intentional control and the pseudo-intensional tasks makes a change in a child’'s
gross theory about how the mind works seem an unnecessarily complex means of
explaining the difference in task difficulty. In sum, Chandler’'s framework has the
necessary form but appears to lack the explanatory substance. A sharper instrument
than either Perner or Chandler offer seems to be required to explain the dissociation
between intentional and (pseudo-) intensional conditions.

How could children’s developments be better characterised? In what follows, we
speculate how the child’s developing cognitive system could give rise to the
observed pattern of results.

To handle the referential problems posed by folk psychology requires some kind
of representational partitioning: one’s representations of mental contents must be
separated from one’s representations of current, extensional reality. This can be
achieved in various different ways, so we summarise first of all the criteria by
which we may assess a system for capturing our results. First, a single solution
will not do. Amongst other things, an account must accommodate the fact that the
ability to handle out-dated representations (such as false beliefs), does not entail the
ability to handle their partial nature (as in intensional contexts). Second, we should
take account of the fact that the problems of mental representations are but a
particular instance of a much more general set of problems, posed for example,
by representing any out-dated, hypothetical or spatially-displaced situations (Car-
nap, 1947; Dowty et al., 1981; Fauconnier, 1985; Perner, 1991). Perhaps a devoted
mentalising device is not what we are looking for. Finally, the system should be
plausible, not just at a static end point, but developmentally.

Leslie (1987) argues for a syntactic ‘decoupling’ mechanism, analogous to quota-
tion marks in natural language, that holds normal, reality-oriented representations
outside of their usual causal relations for mentalistic calculations. This allows tokens
in a language of thought to represent mental contents which may contradict ‘reality’,
without undermining the internal consistency of the system. Leslie claims that this
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mechanism underpins children’s ability to handle mentalistic phenomena and cites
early pretence as evidence that it comes on line at around 18 months of age. Issues of
timing aside, Leslie’'s account of a general-purpose mechanism falls down on our
first two criteria. Its presence or absence cannot explain the dissociation found in our
results because it deals with the referential problems due to out-dated, hypothetical
and partial representations in the same way. It is also devoted to mentalistic calcula-
tions and so has nothing to do with the related non-mentalistic referential problems.
While it is possible to specify a number of innate syntactic partitioning mechanisms
coming on-line to solve different referential problems at various times, this would
reduce the parsimony of Leslie’s explanation. It might be more appealing instead to
exploit the richness of the theoretical and empirical phenomena in a developmental
account relying less heavily on ‘blind’ syntactic mechanisms.

Representing meaning with semantic partitioning may provide the basis for such
an account. We take the scheme of Fauconnier as our example though the actual
details of implementation are less important for our purposes than the semantic
nature of the representatidn@auconnier, 1985, 1997). According to Fauconnier,
aspects of meaning are constructed in the mind by the partitioning of content into
different ‘mental spaces’ whose properties lend it different meanings. The same
word tokens can create different meanings according to the space to which they
are assigned. For example, the possible opaque and transparent readings of proposi-
tional attitude reports such as ‘Heinz knows there’s a ball in the box’ correspond to
whether the content ‘ball’ is assigned to a mental space for reality in which reference
is extensional or a space corresponding to Heinz’s belief in which (for adults at least)
co-referential terms are not freely substitutable. Non-mentalistic problems are
solved in the same formal way: The alternative readings of ‘in 40 years time, my
middle-aged daughter will marry’ correspond to whether ‘middle-aged daughter’ is
assigned to the mental space for present time or the space for 40 year& hence

In contrast to the syntactic approach, in which partitioning is essentially arbitrary
and mechanical, the properties that differentiate semantically-partitioned spaces
could be called knowledge in a fairly conventional sense of the word. For example,
a space for 40 years hence would allow its contents to have entailments that did not
change across time, like a person’s name, but would suspend those that might
change, such as age or hair colour. Developmentally, we could expect this internal
structuring to change with experience. Furthermore, it is possible that the same
knowledge could structure different spaces with analogous problems, such as repre-
sentations of past reality and out-dated beliefs.

Consider for example the standard unexpected transfer task (Wimmer and Perner,
1983). To answer correctly that Maxi will look in the old location, the child has to
treat the mind as representing an out-dated state of affairs and juggle referential
relationships between two temporal contexts. As Perner has noted (Perner, 1991; pp.
54-55) search after invisible displacement requires a similar ability to separate past

!Dinsmore, 1991 discusses how his theory of partitioned representations only concerns the highest level
of mental representation, leaving open the detailed choices between propositional, analogical and proce-
dural representations.

2This example is from Fauconnier (Fauconnier, 1997; Fauconnier, 1985).
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from present yet this is achieved around the age of 18 months. As suggested above,
this early ability to represent reference across time could provide a basis for repre-
senting mental reference across time, so simplifying the task of learning.

The other standard test of false belief, the deceptive box task (e.g. Gopnik and
Astington, 1988) can be analysed in a similar way. Here, the child discovers that a
sweet box contains, not sweets, but pencils, and then has to predict what an ignorant
person will think is inside. To answer correctly, it is necessary to take into account
the protagonist’s incorrect expectation, in the face of one’s own knowledge of
reality. Now, the child has to model referential relations between a real and a
‘possible’ state of affairs, and again there may be a precedent, this time in early
pretence. Hence, the ability of 4-year-olds to treat people’s minds as representing
out-of-date or hypothetical states of affairs may be a development of their earlier
abilities to represent times, possibilities and places other than the here and now.

Although both false-belief tasks involve analysing a mental representation,
neither requires the child to represent the fact that mental representations are only
partial. Children can succeed on these tasks even if the partitioned space correspond-
ing to ‘Heinz’'s belief’ does not restrict the characterisation of its contents to the
aspects of which Heinz is aware. Failure in the intensional and pseudo-intensional
tasks implies the absence of this ability to hold a representational content under
particular descriptions. This time there is no obvious non-mentalistic precedent in
children’s earlier abilities, so it is perhaps not surprising that this is harder.

Considering children’s developing ability to handle mental representation in this
way, in terms of changes in the processes of semantically-based partitioning, poses
in a novel way the question of the role of experiences with language and social
behaviour in the development of adult folk psychology. This approach emphasises
representational competence along with the acquisition of knowledge. The obvious
guestions arising from the current study concern the precise nature of children’s
understanding when they appear to follow Heinz's partial information access but fail
to represent adequately the resulting partial knowledge. How does this provide a
basis for children to move forward towards adult-like performance and what pro-
cesses does this entail?
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