
 

Child Development, May/June 2002, Volume 73, Number 3, Pages 752–767

 

Theory of Mind and Self-Control:
More than a Common Problem of Inhibition
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This study tested the theory that advances on theory-of-mind tasks and on executive function tasks show a
strong correlation because the typically used theory-of-mind tasks pose the same executive demands. In Ex-
periment 1 with fifty-six 3- to 6-year-old children, performance on the dimensional change card-sorting task as
an executive function task was correlated with performance on the usual false-belief prediction task, 
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and the false-belief explanation task, 

 

r

 

 

 

!

 

 .65, as measures of theory-of-mind development. Because the expla-
nation version of the false-belief test is supposed to be free of the alleged executive demands inherent in the
prediction version, the equally strong correlation with the executive function task suggests that this correlation
cannot be due to common executive demands. In Experiment 2, the basic finding of Experiment 1 was repli-
cated on another sample of 73 children, ages 3 to 5.5 years. The need for new theories to explain the develop-
mental link between theory of mind and executive function development is discussed, and some existing can-
didates are evaluated.

 

INTRODUCTION

 

It was first noted by Russell, Mauthner, Sharpe, and
Tidswell (1991) and Hughes and Russell (1993) that
the ability to understand false belief, a critical stage in
the acquisition of a theory of mind, emerges with im-
provements on executive tasks, which are measures
of children’s growing self-control. This developmen-
tal relation has now been confirmed in several studies
using different tests to assess children’s understand-
ing of mental perspective (involving false belief,
appearance–reality distinction, and deception) and
a host of different executive function tests: wrong
pointing, switching to new instrumental methods or
new sorting dimensions, suppressing imitative ten-
dencies, and so forth (Carlson & Moses, 2001; Davis &
Pratt, 1995; Frye, Zelazo, & Palfai, 1995; Gordon & Ol-
son, 1998; Hughes, 1998a, 1998b; Hughes & Russell,
1993; Hughes, Dunn, & White, 1998; Keenan, 1999;
Russell et al., 1991). A brief meta-analysis of these
studies by Perner and Lang (2000) showed an effect
size for the reported correlations of 1.08, which is gen-
erally considered a strong effect (Glass, McGaw, &
Smith, 1981).

The first and most plausible explanation for this
developmental relation (Hughes & Russell, 1993;
Russell et al., 1991) was that the observed correlations
were due to executive components in the false-belief
and related tasks. For instance, in the traditional be-
lief task (Wimmer & Perner, 1983), a story character
does not witness the unexpected transfer of an object
from its original location (A) to a new location (B).
When asked where that person will look for the ob-
ject, children have to exert internal executive control

over the habitual schemas evoked by current reality
(salient reality) in favor of the protagonist’s belief
world (Harris, 1993; Russell et al., 1991). Moreover, chil-
dren have to disengage their attention—which is nat-
urally captured by the location of the desired object—
from that location and focus it on the location of
where the protagonist thinks the object is (Hughes &
Russell, 1993); and they have to suppress the natural
but wrong prediction that a person typically looks for
an object where it is (Carlson, Moses, & Hix, 1998).
Unless these natural tendencies can be kept in check
then, despite the capacity for a deeper understanding,
children wrongly answer that the protagonist will
look in the object’s actual location.

Similarly, in the appearance–reality task (Flavell,
Flavell, & Green, 1983), which is another popular
measure of theory-of-mind development, children
discover by touching that an object that deceptively
looks like a rock is actually a piece of sponge. When
asked what the object “looks like,” children have to
inhibit salient reality and the natural tendency to
blurt out what it actually is.

There is also some direct empirical support for this
theory in connection with children’s ability to deceive
as a measure of their theory-of-mind development
(Carlson et al., 1998). When asked where an object is,
children find it easier to deceive by turning a pointer
to an empty location (because this may help them to
reflect and because there is no automatic response
tendency for operating pointers) than by either an-
swering with a wrong location or by pointing to it
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with their finger (response modes for which there are
automatic tendencies).

It should be noted that an explanation at the level of
an automatic response tendency is much more plausible
in the case of deceptive pointing than in the case of
the false-belief or the appearance–reality task. When
asked where something is located, there is, indeed, a
very strong tendency to automatically point to or an-
swer with the actual location. This tendency needs to
be inhibited if one wants to deceive. This is different
in the false belief story. Children are asked where a mis-
taken person will look for an object. If children under-
stand that this person will look in the wrong place,
then it is difficult to accept the suggestion that they
tend to answer naturally and automatically with a dif-
ferent location. In this instance, the additional assump-
tions voiced first by Russell et al. (1991) come into
play; that is, children are so preoccupied with the ob-
ject’s real location that they tend to answer with that lo-
cation, or the real state of affairs is cognitively so salient
that it dominates the children’s mental computations.

Several other authors also have emphasized the
need to inhibit salient reality in favor of beliefs about
reality. The theory that salient reality masks young
children’s true understanding of belief (Mitchell, 1996)
has received some support. Children answer more
often correctly in terms of the story protagonist’s be-
lief when reality is invisible (the target object is hid-
den) than when it is perceptually salient (Zaitchik,
1991). Furthermore, performance is better when the
belief contents are made visible (in a picture or sym-
bol; Mitchell & Lacohée, 1991) than when simply in-
ferred by children. Leslie and Polizzi (1998) and
Fodor (1992) saw the problem slightly differently—as
one of inhibiting a default attribution response, namely
the default that beliefs are true.

One piece of evidence that is often referred to by
proponents of these different versions of the inhibi-
tion theory of performance on theory-of-mind tasks
is the claim made by Bartsch and Wellman (1989)
that children are able to give correct explanations of
erroneous actions due to a false belief well before they
make correct action predictions in the standard belief
task. The saliency hypothesis by Russell et al. (1991)
predicts this because incorrect explanations are not
due to (uninhibited) reference to the desired object’s
known location. Mitchell (1996) points out that the
protagonist’s wrong search in the explanation para-
digm provides the needed reality counterpart to the
protagonist’s false belief

 

 

 

to help children overcome
the misleading pull of the object’s real location; and
Fodor (1992) argued that the explanation paradigm
should be easier because it makes clear that the de-
fault assumption of correct behavior is not warranted.

The interpretation of Bartsch and Wellman’s (1989,
Experiment 2) finding has, however, been questioned
on several fronts. In their experiment, children were
shown an empty Band-Aid™ container and told that
puppet Bill has a cut and wants a Band-Aid. The chil-
dren then watched Bill look inside the empty Band-
Aid container and were asked why he was looking in
there. Some children spontaneously gave sensible ex-
planations. As Astington (1996) has pointed out, how-
ever, there were only about as many of these correctly
explaining children as there were children who could
make correct predictions in the standard prediction
task. Research by Wimmer and Weichbold (1994) and
Wimmer and Mayringer (1998) confirmed that chil-
dren find open-ended explanation questions as diffi-
cult as prediction of an erroneous action.

Bartsch and Wellman’s (1989) case rested exclu-
sively on additional “correct” answers in response to
a helpful prompt—for example, when children failed
to answer the original question, Bartsch and Wellman
then asked, “what does Bill think?”—after which a sub-
stantial number of additional children gave relevant-
sounding answers referring to “Band-Aids.” However,
these prompted answers could, plausibly, have been
false positives because some children at this age might
answer “think” questions in terms of what someone
wants, as children do tend to take “think” informa-
tion as an indication of what a person wants (Well-
man & Bartsch, 1988, Experiment 1). These answers
could also have been false positives because the
empty Band-Aid box did not suggest any alternative
but “Band-Aids” when children were pressed for a
plausible answer (Wimmer & Mayringer, 1998). When
such an alternative was provided (e.g., rocks in the
Band-Aid box) then there was no real advantage of
the explanation paradigm over the prediction para-
digm

 

 

 

(Moses & Flavell, 1990, Experiment 1). More-
over, in their second experiment, Moses and Flavell
(1990) found that many of the younger children who
gave seemingly correct answers to the question about
what the protagonist (as he was about to look for
Band-Aids in the Band-Aids box) was thinking, kept
giving the same answer after the protagonist had dis-
covered that it was filled with rocks. This answer,
now evidently wrong, suggests that these children
may have assimilated “what does he think is in the
box” to “what is he pretending is in the box” (Perner,
Baker, & Hutton, 1994).

To circumvent the methodological chasm of asking
open-ended explanation questions to avoid false pos-
itives and trying to give children a chance to show
their true competence with helpful hints, Robinson
and Mitchell (1995) devised a new task variant. Two
identical-looking twins place their ball into one (A) of
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two boxes. One of the twins then leaves the room,
whereupon the other twin takes the ball out of Box A,
plays with it some more, and then places it into the
other Box (B) before leaving the room. Later both
twins return with their mother who asks them about
the ball. One of them goes to Box A, the other to Box B.
Children are asked why the one twin goes to Box A:
“Was it because he had left early or because he had
been playing with the ball some more?” Although it is
possible that false positives occur because some chil-
dren simply associate absence from the ball with go-
ing to the empty container, it is unlikely that this
would affect many children. Thus, it is remarkable
that a large difference was found between correct pre-
dictions in a prediction task and correct choice of ex-
planation in the twins task (45% versus 87% in Exper-
iment 5 and 15% versus 67% in Experiment 6).

This difference, however, can be explained almost
entirely by a difference in baseline (Perner, 1995). The
plausible assumption is made that a failure to under-
stand belief results in pure guesses on the forced
choice of the explanation task (i.e., about 50% correct)
but results in predominantly incorrect answers on the
prediction task (i.e., near 0% correct) because children
tend to apply the incorrect theory that the person will
look where the object really is. With example data
from Robinson and Mitchell’s (1995) Experiment 6, it
is possible to reason as follows: 15% of the children
understood belief because that many made correct
predictions; therefore, a corresponding 15% of chil-
dren gave correct explanations because they under-
stood belief. Because by assumption, the remaining
85% simply guessed on the explanation choices
(42.5% correct by chance), a total of 57.5% correct ex-
planations can be expected. This means that the ob-
served frequency of 67% correct explanation choices
reflects a mere 24.5% (i.e., 67% 
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 42.5%) that were due
to true understanding, which is a mere 9.5% more
than the 15% correct predictions that were observed.

One objective of the present study was to check
the validity of this post hoc analysis, by contrasting
children’s performance on several identical-looking
twin explanation tasks (in different story guises) to
gauge the incidence of guessing. If the analysis is cor-
rect, then children who fail the prediction tasks will
show a guessing distribution, whereas those who
pass the prediction tasks will give mostly correct ex-
planation choices. This result would speak against
the claim that the prediction task is more difficult
than the explanation

 

 

 

task, because prediction in-
volves more of an executive, inhibitory problem than
does explanation.

There could, however, be more genuinely correct
explanation choices than predictions. If this is true,

then of the children who fail the prediction task, some
will make systematically correct choices (because
they understand), whereas others will have systemat-
ically wrong choices on the prediction task (e.g., be-
cause they prefer to opt for the choice linking the twin
to the desired object: he is looking for the ball in this
[empty] box, “because he stayed in the room and
played with the ball”). Such a finding would support
the contention that explanation is easier than predic-
tion and that this difference may be due to stronger
executive demands in the prediction task.

A second, related objective was to test directly
whether performance on an executive test correlates
only with the prediction version of the false-belief
task (due to the need to inhibit salient reality) or also
with the explanation version (which does not have
this particular executive demand). For this purpose,
the present study used the dimensional card-sorting
task (Frye et al., 1995), which is an adaptation for use
on children of the Wisconsin card-sorting task that is
traditionally used to diagnose executive problems in
frontal lobe patients. If the reported correlations be-
tween theory-of-mind development (typically tested
with the false-belief prediction task) are due to the
need to inhibit salient reality, then there should be no,
or a clearly reduced, correlation with the explanation
task. If, however, there is a deeper developmental link
between executive tasks and understanding belief,
then the correlations should be similar. Hughes (1998a)
reported that executive tasks correlated as strongly
with an explanation version as with a prediction ver-
sion. It is still possible, however, that even children’s
free answers to the explanation question are subject to
the executive demand of having to inhibit the ten-
dency to mention the desired object or to refer to its
place (a not-infrequent wrong answer, Wimmer &
Mayringer, 1998). The use of forced choices in the
twin task allowed for the ability to test the presence of
such an answer tendency.

 

EXPERIMENT 1

Method

 

Participants

Fifty-six children (33 girls, 23 boys) between the
ages of 3,1 and 6,2 (
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 4,5, 
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 10.3 months), from
a large kindergarten in a middle- and working-class
area of Salzburg, Austria, volunteered for this study.
All children within this age range who were available
in the kindergarten class at the time of this study par-
ticipated. There were 22 children between 3,1 and
3,11, 18 children between 4,1 and 4,11, and 16 children
between 5,0 and 6,2.
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Design

Each child was tested in two sessions about 1 week
apart. Testing per session lasted between 10 and 20
min. Each session consisted of four tasks, which were
presented in eight different sequences with 7 children
per sequence. In Positions 2 and 4 in the first session
and Positions 1 and 3 in the second session the four
twin scenarios of the false-belief tasks were used:
three as explanation tasks, and one as a prediction
task. Which twin scenario was given as the prediction
task was systematically varied through the four posi-
tions. The other four positions contained the follow-
ing tasks: a traditional false-belief scenario (predic-
tion version), two-dimensional change card-sorting
tests (DCCS), and the Kaufman Assessment Battery
for Children (K-ABC; Melchers & Preuß, 1991), a ver-
bal intelligence test. For four sequences, the card-sort-
ing task was in Position 1; for two sequences, the in-
telligence test was in Position 3; and for the other two
sequences, the traditional false-belief test was in Posi-
tion 3. For the other four sequences, the false-belief or
intelligence test was in Position 1 and the card-sorting
task was in Position 3. These sequences were repeated
for the second test session (in Positions 2 and 4) with
the exception that when the intelligence test was used
in the first session the belief test was given in the sec-
ond session and vice versa.

In sum, each child was given the K-ABC verbal in-
telligence test, two card-sorting tasks (DCCS), three
false-belief explanation tasks, and two false-belief
prediction tasks of which one was the more tradi-
tional task and the other was couched in one of the
four twin scenarios.

Procedure and Materials

 

Card Sorting

 

Two sets of cards (10 cm 
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 7 cm) were used. Each
of these card sets consisted of two target cards (a big
yellow square and a little red square; a red cat and a
black snake) that were each affixed to a (26 
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 14 

 

#

 

 12
cm) box into which the test cards had to be posted
through a slit. There were 24 test cards: 6 with big red
cars, 6 with little yellow cars, 6 with black cats, and 6
with red snakes. The card-sorting task in each session
involved a preswitch phase and a postswitch phase.

 

Preswitch phase.

 

The experimenter explained the
two dimensions (color and size) of the target cards.
For instance, using the card set with big red and little
yellow cars, the experimenter explained, “Now we are
playing a game, a COLOR GAME. In this game, all
the red cards go here, but the yellow ones go in the
other box.” The children and the experimenter sorted

two cards together (one red and one yellow) and then
the children were required to sort five cards on their
own. On each of these five preswitch trials the exper-
imenter repeated the preswitch rules to the children.
She randomly selected a test card and labeled the card
with the relevant dimension (e.g., “Here is a red one”).
Then the children were asked to place the card in one
of the two boxes (“Where does this card go in the
color game?”) and they were told whether they had
sorted the card correctly.

 

Postswitch phase.

 

After the fifth preswitch trial chil-
dren were told: “Okay, now we are going to play a
new game, the SIZE GAME. The size game is differ-
ent. This time, all big cars go here, but all little cars go
there.” Again, the children had to sort five cards, but
according to the new size rules and without feedback
as to whether each card was placed correctly. Every
time a card was placed incorrectly, however, the rule
was repeated before the next trial. The card-sorting
task in the second session was the same except that a
different card set was used that varied according to
color (black versus red) and shape (cat versus snake).
In both sessions, the first dimension was always color
and the second was either size (first session) or shape
(second session).

 

False-Belief Task

Explanation tasks (twin scenarios).

 

Following the pro-
cedure of Robinson and Mitchell (1995) four different
stories with identical-looking twins were enacted. In
the ball story the twins are playing ball in a room and
then place the ball into one of two boxes. One twin
then leaves the room to have a glass of milk in the
kitchen. In his absence the other twin plays with the
ball for awhile and then places the ball into the other
box and leaves the room as well. Then both twins re-
turn with their mother who asks them where their
ball is. One twin goes to the box where the ball actu-
ally is, the other twin goes to the other box. Children
are then asked about the mistaken twin: “Why does
this one look in this box?” Children’s answers to this
open question are noted, but regardless of their an-
swer they are given a forced choice: “Is it because he
had stayed in the room and played with the ball or is
it because he had left the room in order to drink some
milk in the kitchen?” The verbatim narrative is given
in the Appendix.

The other scenarios are structurally identical but
the story material and the protagonists are different.
For example, the chocolate story is the same except
that instead of a ball a chocolate bar is being trans-
ferred from one location to the other. The bird and the
rabbit stories are different in that the bird and the rab-
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bit move on their own accord. For instance, in the bird
story the children are playing in the garden and they
see a bird. One of the twins decides to fetch some bird
feed. The other twin is watching the bird and wit-
nesses the bird leaving its nest and flying behind a
shrub.

 

Prediction task.

 

A traditional false-belief task (Wim-
mer & Perner, 1983) was administered with a dog as
protagonist. In the dog’s absence his bone was unex-
pectedly transferred to a new location. Children’s un-
derstanding of the dog’s false belief was assessed by
asking them to predict where the dog would look for
his bone. Their memory of critical story events was
assessed by two control questions about (1) where the
dog had put his bone in the beginning and (2) where
the bone was now. The story was enacted in a three-
dimensional model (42 cm 
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 44 cm 
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 78 cm) with two
kennels that had different colored roofs (green and
yellow). A dog made of fabric and a puppet repre-
senting the dog’s master (who transferred the bone
from one kennel to another) were used as the main
story characters; the bone was 2.5 cm 

 

#

 

 1 cm and
made of modeling clay.

For the second prediction task, one of the twin sce-
narios described above was adapted. The ball story,
for instance, was changed in the following way: The
twins were not identically dressed. The story was the
same except that when the mother asked the twins
where the ball was the experimenter pointed to the
twin that had left the scene first and said, “Look! This
is Peter who had left the room in order to have a glass
of milk in the kitchen. Where will Peter go to look for
the ball?”

 

Verbal Intelligence Test (K-ABC)

 

To ensure that any correlation found between the
tasks was not due just to increases in verbal intelli-
gence, the vocabulary subtest of the K-ABC (Melchers
& Preuß, 1991) was administered. The test consists of
24 pictures (e.g., dog, TV set, scissors, and thermos)
that children have to identify.

 

Results and Discussion

 

Theory of Mind

 

False-Belief Prediction

 

Only 9 children gave a wrong answer on one of the
two control questions. Performance on the control ques-
tions was partialed out, and it was found that the in-
terpretation of the main results was not affected. An-
swers to the test questions were somewhat better on

the traditional version (66% correct) than the twin sce-
nario (51.7%): McNemar’s 
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 .05.
Nevertheless, the two tests correlated fairly strongly,
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 .59, yielding moderate (Shrout, 1998) retest reli-
ability, 
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 .57.

 

False-Belief Explanation

 

Children’s answers to the open question in the
three twin scenario tasks were classified according to
the following categories: (1) mental state, 44 answers
(e.g., “He thought it was in there,” “he doesn’t know
it’s in the other cupboard,” or “he didn’t see it being
moved.”); (2) relevant story facts, 32 answers (e.g.,
“He had been away,” or “it was in here earlier.”); (3)
desire, 18 answers (e.g., “because he wants the ball.”);
(4) wrong location, 31 answers, (e.g., “because the ball
isn’t in here,” or “because the ball is over there.”); (5)
irrelevant facts, 17 answers (e.g., “I want to play
something else now,” “Where is the bird?”, or “Why?”);
and (6) no or “don’t know,” 26 answers. In the case of
multiple answers, the one that fit the “best” category
was used; for example, if a child said “Don’t know—
’cause he wants the ball,” this was classified as Cate-
gory 3 and not Category 6.

For further analysis, answers in Categories 1 and 2
were classified as “correct answers” indicating an un-
derstanding of belief. Answers in the remaining cate-
gories were classified as “incorrect answers,” indicat-
ing failure to show such understanding (Wimmer &
Mayringer, 1998). Twenty-five children gave no cor-
rect answer, 11 gave one or two correct answers, and
20 gave correct answers on all three tasks, which was
a strongly bimodal distribution (comparing zero and
three correct answers to one and two correct an-
swers), 
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 .001. Correspond-
ingly, the three pairwise correlations between the
three administrations of the task, .72 
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 .78, and
the retest reliabilities for the three pairings of tasks,
.71 
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 .78, were very high.
Table 1 shows how answers to the open question

related to the subsequent forced-choice answers. Re-
assuringly, practically all the correct answers to the
open question were followed by correct answers to
the forced choice. On only two occasions did children
fail to give any answer and on only six occasions did
they give the wrong answer. In contrast, when an un-
informative or wrong answer was given to the open
question, children frequently (12 times) did not give
any answer or they gave a wrong answer to the
forced-choice question (28 times). They still gave
a correct answer more frequently (52 times) than a
wrong answer, however, thus supporting the original
suspicion that reliance on answers to open ques-
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tions may underestimate children’s true explanation
competence. 

Interestingly, the fact that more than half (49) of all
wrong answers (92) fell into Category 3 (desire) and
Category 4 (wrong location) raised the possibility that
children’s free answers to the open question were
hampered by the executive problem of having to dis-
engage attention from the desired object, and con-
firmed the need for the helpful clue given in the
forced-choice question that might have helped chil-
dren to focus on the relevant options.

The pairwise correlations between forced-choice
answers were considerably lower, .27 
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 .45, than
were the correlations for the free answers to open ex-
planation questions and for predictions. This was to
be expected, because it is likely that on this measure
the younger children, who did not understand false
belief, simply guessed one of the two alternatives.
That such guessing did indeed occur was also con-
firmed in the following analysis.

 

Relating Prediction and Explanation

 

Of main concern for the present study’s purposes
was how children’s forced choices on the three expla-
nation tasks related to their answers on the two pre-
diction tasks. This analysis was complicated by the
fact that not every child answered all three forced-
choice questions. Table 2, therefore, details response
frequencies according to how many of the forced-
choice questions were answered.

The results given in the last column of Table 2 con-
firm the (well-known) fact that on prediction tasks
children tend to give systematically incorrect an-
swers. If the 17 children who gave incorrect answers
on both tasks (i.e., zero correct, first row) had been
purely guessing then there should not have been 17 in

that category but rather—according to the binomial
distribution—only half of the 12 children who guessed
once correctly (second row); that is, only about 6.
Moreover, in most cases giving only one correct an-
swer was not the product of guessing, because 10 of
the 12 children who gave one correct answer made an
error on the twin scenario prediction task and only 2
children made an error on the traditional task. That
means that very few, if any, of these children got one
answer right due to guessing. Rather they gave only
one correct answer because they understood the eas-
ier version and gave consistently incorrect answers
on the more difficult version.

The picture looks similar for the forced-choice ex-
planation answers when the 27 children who suc-
ceeded on both prediction tasks are considered (third
row in Table 2): All children but 1 answered at least
two of the three forced-choice explanations cor-
rectly—a significant difference from what would be
expected if children had simply been guessing, Sign
test 
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 .001. The children who
showed some understanding of belief on one of the
prediction tasks (second row) tended to do some
guesswork, with a bias toward answering more ques-
tions correctly than incorrectly—but not significantly
so, Sign test 
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 .30. With regard
to the children who showed no understanding of be-
lief on the prediction tasks (first row), there was no
sign of any consistency in explanation, Sign test
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 .70. They seemed to be largely
guessing, with a possible slight tendency toward giving
more correct than incorrect answers (i.e., 8 children
gave more correct than incorrect answers, whereas
only 6 gave more incorrect than correct answers). In
sum, considering that 1 child did not give an answer
to any of the three forced-choice questions, evidence
to support the fact that children who failed predic-
tion questions were able to show understanding of

 

Table 1 Number of Stories in Which Children Gave Particular
Combinations of Answers to Open Questions and Forced-
Choice Questions

 

Answer to Forced-Choice Question

Answer to Open Question Correct Incorrect No Answer

Correct
Mental state 38 4 2
Relevant story facts 30 2 0

Incorrect
Desire 12 6 0
Wrong location 19 10 2
Irrelevant facts 6 8 3
No/don’t know 15 4 7

 

Table 2 Number of Children Who Gave Correct Answers to
Forced-Choice Explanation Questions and Prediction Questions
in Experiment 1

 

No. of 
Correct
Predic-
tions

No. of Forced-Choice 
Explanations and No.

Correct Thereof No. of
Correct Free 
Explanations3 2 1 0

0 1 2 3 0 1 2 0 1 0 0 1 2 3 Total

0 0 3 5 2 1 2 1 2 0 1 13 3 0 1 17
1 1 4 1 4 0 0 2 0 1 1 7 0 3 2 12
2 0 1 3 22 0 0 1 0 0 0 5 3 2 17 27
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belief with forced-choice explanation questions was
minimal.

This result demonstrated two important points. It
showed that when guessing was controlled for on
forced-choice explanation questions in the twin para-
digm, by and large, children who gave above-guessing
level correct answers were also able to make correct
predictions. Hence, there was little evidence that chil-
dren’s understanding of belief was masked by execu-
tive demands in the prediction task of having to in-
hibit salient reality of where the desired object really
was. It also showed that in the forced-choice answers
there was no strong tendency to give the wrong an-
swer, for example, that children chose the option that
mentioned the desired object (the boy who kept play-
ing with the ball). Rather, the children who failed to
understand belief as indexed by the prediction task
showed a near-random choice of options (slightly bi-
ased toward the correct option). Performance on the
forced-choice question was, therefore, a suitable test
case for the issue at hand, namely, whether the corre-
lation between false-belief tests and executive inhibi-
tion tests is based purely on executive demands in the
false-belief test.

Table 2 also provides the contingency between
prediction tasks and free answers to the open explana-
tion questions. Overall there was good correspondence.
Most children who made two correct predictions gave
sensible answers to the explanation question, whereas
only a few children who failed both prediction tasks
did so. If the panel is dichotomized into children who
completely failed on all tasks and those who gave at
least one correct answer then 12 children (5 

 

)

 

 7) made
at least one correct prediction without a single correct
explanation, whereas only 4 children (3 
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 1) gave at
least one correct explanation while failing both pre-
diction tasks. This difference is significant, McNe-
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 .05, and confirms the
impression that prediction is a slightly more sensi-
tive measure for detecting children’s understanding
of belief than are free answers to open explanation
questions.

Card Sorting (DCCS)

The variable of interest in the card-sorting task
was the number of correct responses after the switch
to the new sorting rule. The majority of children
sorted either five times correctly or five times incor-
rectly; that is, they continued according to the old
rule. For the switch from color to form, 11 children
had none correct, 8 had one to four correct, and 37 had
all five correct; for the switch from color to size, 18
children had none correct, 7 had one to four correct,
and 31 had five correct. Also, the switch from color to
form was easier than the switch from color to size.
There were 24 children who had more postswitch er-
rors on color to size than on color to form but only 5
children who demonstrated the reverse, Sign test
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 .001. The correlation based
on the continuous measure of items sorted correctly
was substantial, 
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 .78.

Relating False-Belief Understanding to Card Sorting

Table 3 shows the basic statistics for each variable
of interest and their intercorrelations. For each mea-
sure, the original continuous variable was used rather
than a dichotomized version. The correlation coeffi-
cients (above the main diagonal) replicated the find-
ing by Frye et al. (1995) that the false-belief prediction
test strongly correlates with card sorting. The finding
of central interest was that the correlation for the
forced-choice explanation test had practically the same

 

Table 3 Basic Statistics and Correlations

 

False Belief

Variables
Mean %
(

 

SD

 

) K-ABC
Control
Question Prediction

Explanation 
Free

Explanation 
Forced

Card 
Sorting

Age (months) .66** .29* .70** .56** .57** .52**
K-ABC 60.0 (16.7) .38** .57** .64** .58** .54**
FB control question 91.9 (18.5) — .43** .40** .21 .34*
FB prediction 58.9 (43.8) — — .58** .62** .65**
FB explanation free 45.1 (45.5) — — [.22] .58** .57**
FB explanation forced 71.2 (33.9) — — [.37**] [.29*] .65**
Card sorting 68.4 (41.3) — — [.40**] [.29*] [.47**]

 

Note:

 

Correlations in brackets below the main diagonal are after age, Kaufman Assessment Battery for Children [K-ABC], and control
questions were partialed out. FB 
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highly significant correlation with the card-sorting
task. In addition, children’s answers to the open ex-
planation question correlated highly with card-sorting.
Moreover, these correlations remained highly signifi-
cant even after age, verbal intelligence, and perfor-
mance on the control questions had been partialed
out (correlations in brackets below the main diagonal).

Because the error pattern on the forced-choice ex-
planation task clearly established that no strong,
wrong response tendency existed, the strong correla-
tion with the card-sorting task established that there
was a correlation between understanding false-belief
and executive tasks that could not be explained by de-
mands of executive inhibition in the false-belief task.

Another question of interest was whether the cor-
relations between the different measures of under-
standing false belief and card sorting are based on the
same or on different sources of variance. This issue
was investigated by partialing out each false-belief
variable in turn, with square of the partial correlation
coefficient indicating how much of the card-sorting
variance is explained by the remaining variables. For
instance, the correlation between forced-choice expla-
nations and card sorting of .65 indicates that 42.9%
of the card-sorting variance is explained by forced-
choice answers. By partialing out performance on the
prediction tasks, this correlation reduces to a partial
correlation of .42 corresponding to 17.7%, 

 

p

 

 

 

'

 

 .01, of
the card-sorting variance explained by forced-choice
answers independent of the variance explained by the
prediction task. The difference of 25.2% in percentage
variance explained, 

 

p

 

 

 

'

 

 .01, is the percentage of card-
sorting variance attributable to a source common to the
prediction and the forced-choice explanation tasks.
Similarly, the corresponding computations for card-
sorting variance explained by the prediction task inde-
pendent of forced-choice explanations yields 16.0%.

These percentages could mean that 16% of the
card-sorting variance could be explained by the pre-
diction task due to a common inhibition demand.
However, 25% of the variance is explained by a fea-
ture that is shared by prediction and explanation
tasks, and it is unlikely that this could be based on the
inhibition of a prevalent response or salient reality.
The corresponding value for prediction task and an-
swers to open explanation questions is 22.7%.

 

EXPERIMENT 2

 

One objective of this experiment was to investigate
whether the central finding of Experiment 1, of a
correlation between the explanation version of the
false-belief task and card sorting, could be replicated
using the traditional false-belief stories (instead of the

somewhat more complicated twin stories) for expla-
nation and prediction versions.

The second objective was to check whether the link
between these tasks was due to the development of
inhibitory abilities by introducing a fairly pure mea-
sure of inhibition: the false alarm rate on the go-nogo
task (Luria & Tizard, 1961). This task requires chil-
dren to press a button in response to one stimulus
(e.g., a yellow light) and inhibit this response when a
different stimulus appears (e.g., red light). Various
versions of this task have confirmed a developmental
change (Livesey & Morgan, 1991; Miller, Shelton &
Flavell, 1970) in the age bracket of 3 to 6 years, which
was of concern in the present study. This task, how-
ever, has not been used in connection with children’s
developing theory of mind. Theory-of-mind develop-
ment has been linked to other inhibitory tasks, nota-
bly by Carlson and Moses (2001), but their tasks have
a more complicated logical structure akin to that of
the card-sorting task in which the response (conse-
quent: c
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) to a stimulus (antecedent: a
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) needs to be
made dependent on some background setting (Frye
et al., 1995): 
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c2; Setting 2: a1!c2,
a2!c1(. The go-nogo task has the simpler rule struc-
ture of %a1!press, a2!do not press(, and failure to
inhibit the press on stimulus a2 appears to be a pure
problem of inhibition uncontaminated with failure of
representing background setting conditions or imple-
menting rule switches.

Experiment 2 used three versions of the go-nogo
task, each comprising 25 trials. Two of these versions
were with 50% go and 50% nogo trials, one with an in-
terstimulus interval (ISI) of 1 s and the other with an ISI
of .5 s, to gauge children’s problems with the speed of
presentation. The third task used 75% go and 25%
nogo trials with an ISI of .5 s, to increase children’s in-
hibition problems and thereby their false alarms at the
cost of correct inhibition (or correct rejections in signal-
detection theory terms). We expected that children’s
correct inhibitions would increase with age. This ex-
periment also provided the opportunity to test whether
performance on the false-belief tasks (explanation and
prediction) and card-sorting task would correlate with
children’s correct inhibition rate and whether a com-
mon correlation with the correct inhibition rate would
account for the correlation between false-belief under-
standing and card sorting.

Method

Participants

All available children (N ! 82; 50 girls, 32 boys)
within the appropriate age range from seven small
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kindergartens in Salzburg, Austria, and two kinder-
gartens in villages near Salzburg were recruited. The
children were from predominantly middle-class and
upper working-class backgrounds. Nine children were
unable to complete both sessions and were therefore
dropped from the study. The final sample of 73 chil-
dren consisted of children between the ages of 2,9 and
5,8 (M ! 3,11, SD ! 6.3 months).

Design

Each child was tested individually in two sessions
about 1 week apart. The first session lasted about 40
min, and the second session lasted about 25 min. In
each session, the following tasks were administered
in a fixed order: a false-belief task, a “synonyms task”
(Doherty & Perner, 1998; used for exploratory pur-
poses in a different research project), card-sorting task
(DCCS), one go-nogo task, and a second false-belief
task (in each session there was one prediction and one
explanation version in counterbalanced order). More-
over, in the first session, a German translation of
the British Picture Vocabulary Scale (BPVS-II; Dunn,
Dunn, Whetton, & Pintillie, 1982) was administered
as a measure of verbal intelligence. It was given be-
tween the go-nogo task and the second false-belief
task, whereas in the second session a second go-nogo
task was presented instead. For the false-belief tasks,
four different scenarios were used, each of which
could be told as a prediction or explanation version.
One of all possible sequences of these four scenarios
was randomly assigned to each child. Similarly, one
of the possible sequences of the three versions of the
go-nogo task was randomly assigned to each child.

Procedure and Materials

Card Sorting

The procedure and materials were the same as
in Experiment 1 with the following exceptions. The
stimulus dimensions were color and number. Each of
the target cards (glued to the posting box) showed
either two green cars or one yellow car, and the test
cards (to be sorted) showed either two yellow cars or
one green car. The preswitch dimension was always
color and the postswitch dimension was always num-
ber. There was a greater number of sorting trials than
in Experiment 1: seven preswitch and nine postswitch.

False-Belief Tasks

Four traditional false-belief tasks were adminis-
tered. Two scenarios consisted of stories enacted in a
three-dimensional model (30 cm # 22 cm # 22 cm),

the other two consisted of picture stories. As in Ex-
periment 1, there was a story about a dog looking
for his unexpectedly transferred bone. A picture story
involved a girl looking for her chocolate bar that
was unexpectedly transferred. Two further stories
were about children looking for a bird (enacted) or a
rabbit (picture), who had moved unexpectedly to a
new location.

False-belief understanding in the prediction ver-
sion of each story was assessed by asking children
where the protagonist would first go to get the object
(or animal). The memory of critical story events was
checked by three control questions: (1) where the ob-
ject was now, (2) where the object was in the begin-
ning, and (3) how the object got to the new location.

In the explanation version the children were told
where the protagonist would look and were then
asked to explain the protagonist’s erroneous action
by answering an open “why” question (i.e., analo-
gous to the free answers to the open question in Ex-
periment 1. In this traditional explanation task it was
not possible to ask forced-choice questions as in the
twin tasks). After giving their answer, children were
asked one memory question about where the object
was now.

Go-Nogo Tasks

For each task, participants were seated in front of
a laptop on which one of two stimuli (6.5 # 6.5 cm), a
red square or a yellow square, were presented one at
a time in the center of the display (16 cm # 21.5 cm).
Stimulus duration was 2 s for the 10 practice trials
and 1 s for the 25 test trials. Time from stimulus offset
to next stimulus onset (ISI) was .5 s for the 75–25 ver-
sion (approximately 75% go and 25% nogo trials; i.e.,
precisely 19:6 trials) and for one of the 50–50 versions
(precisely 12:13 trials). For the other 50–50 version the
ISI was 1 s. For the practice trials in all three versions
the ISI was 2 s. Children responded by pressing a
light switch, which was affixed to a 23 cm # 10 cm #
10 cm wooden box.

The practice task began with the experimenter ex-
plaining the rules with reference to the light switch:
“If something yellow appears, you press (Rule 1) and
if something red appears, you do not press (Rule 2).”
Before starting the practice task the experimenter
checked whether the children had understood the
rules. No child had any serious problems. After each
practice stimulus children were given feedback about
performance. Before starting the experimental task,
the experimenter checked again the children’s rule
knowledge. During the experimental task no feed-
back was given.
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Results and Discussion

Theory of Mind

False-Belief Prediction

Sixteen children gave wrong answers on at least
one of the three control questions in one of the two
stories. Performance on the control questions was
partialed out, and it was found that the interpretation
of the main results was not affected. Answers to the
test questions again demonstrated a strongly bimodal
distribution, as shown in the last column of Table 4.
There was no indication that children gave fewer cor-
rect responses in the first session (60% correct) than in
the second session (62%). Performance in the two test
sessions showed good retest reliability, & ! .63.

False-Belief Explanation

Only 1 child gave any wrong answers to the con-
trol question in the two stories. Children’s answers to
the open test question were classified according to the
same categories as in Experiment 1. In 31 cases, the
children referred to a mental state (Category 1); and
in 15 answers, they made note of relevant story facts
(Category 2). In 29 cases, children referred to the pro-
tagonist’s desire (Category 3), and in 32 cases they
made reference to the desired object’s location (Cate-
gory 4). There were 19 irrelevant facts (Category 5)
mentioned, and 20 “no” or “don’t know” answers
(Category 6). The categories were classified as “cor-
rect answers” (1 ) 2) or “incorrect answers” (3–6) as
in Experiment 1, following the procedure by Wimmer
and Mayringer (1998).

As the last row in Table 4 shows, the majority of chil-
dren failed to give any correct explanation. Fourteen
children gave a correct explanation in only one of the
sessions. There was some indication that fewer chil-
dren gave correct answers in the first session (5 of the
14) than in the second session (9 of the 14). This trend,

however, was not statistically reliable, Binomial Test:
N ! 14, x ! 5, p ( .10. Performance in the two test ses-
sions yielded moderate retest reliability, & ! .56.

Relating Prediction and Explanation

The main body of Table 4 shows that 15 children
gave two correct predictions without any correct ex-
planations, whereas only 2 children gave two correct
explanations but no correct predictions. Moreover,
another 20 children gave one more correct prediction
than correct explanation, whereas only 3 children
gave one more correct explanation than correct pre-
diction. Thus, predicting a belief-based action was
clearly easier than explaining such an action in re-
sponse to an open-ended “why?” question, Wilcoxon
Signed Ranks test, Z ! "4.31, p % .001.

Card Sorting (DCCS)

In the postswitch phase, the majority of children
sorted either mostly correctly or incorrectly. When
classified into three distinct categories of 0–2/3–6/7–9
correct, there was a slight but nonsignificant improve-
ment from the first session (37/3/33) to the second
session (33/2/38). The retest reliability using these
three categories was quite good, & ! .69, as well as the
correlation based on the continuous measure of items
sorted correctly, r ! .76, p % .01.

Go-Nogo

Children’s performance on each task was scored
in terms of percentage correct presses in response to
go-stimuli (hits), and percentage correct inhibitions
(correct rejections) in response to nogo-stimuli. (Also
computed was the difference between hits and false
alarms as a measure of accuracy. Because the data for
this measure closely resembled the results for the
hits, they are not reported.) To investigate age trends,
children were grouped into four equal-size age
groups (see Table 5); the first three groups had 18
children each, and the last group had 19 children). In-
dependent 3 # 4 analyses of variance were carried
out for each of the two performance measures with
the three task versions as a within-participant factor
and the four age groups as a between-participants
factor.

The analysis for percentage correct presses (hits)
showed a significant age trend only, F(3, 69) ! 14.22,
p % .001. This was due to the fact that there was an in-
crease in percentage hits with age; in particular, from
the youngest group with 37.5% to the next oldest with
60%, Least significant difference: p % .001, followed

Table 4 Number of Children Who Gave Correct Answers to
Test Questions on Explanation Tasks and on Prediction Tasks in
Experiment 2

Number of 
Correct 
Predictions

Number of Correct
Explanations

0 1 2 Total

0 18 2 2 22
1 10 2 1 13
2 15 10 13 38

Total 43 14 16 73
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by minimal nonsignificant further improvements to
69.9% and 66.6% in the two oldest groups.

The analysis of correct inhibitions showed signifi-
cant main effects for age, F(3, 69) ! 3.01, p % .04, and
task, F(2, 138) ! 5.52, p % .01, as well as for their inter-
action, F(6, 138) ! 2.71, p % .02. The means in Table 5
show that the significant interaction was due to the
fact that improvement with age was considerably
stronger on the 75–25 task than on the two 50–50
tasks. The last column in Table 5 highlights this by re-
porting the difference between youngest and oldest
group for the three different tasks. The last row shows
that only the youngest group and, to some degree, the
second to youngest group showed noticeably less in-
hibition on the 75–25 task than on the other tasks.

These results confirmed the reports of earlier
studies (Beiswenger, 1968; Jarvis, 1968; Livesey &
Morgan, 1991; Luria & Tizard, 1961; Miller et al., 1970)
with the go-nogo task that there is a significant im-

provement on this task in the age range of 3 to 5 years.
This allowed for the ability to check whether the im-
provement in inhibitory abilities was related to the
other tasks and whether the relation between false-
belief understanding and card sorting was due to
changes in inhibitory capacities.

Relations between All Tasks

Table 6 shows the mean percentage correct and
standard deviations for each variable of interest and
the correlations between these variables. Experiment
2 replicated the finding from Experiment 1 that mas-
tery of the false-belief task related to performance on
the card-sorting task and the explanation version did
so as much as, if not more than, the prediction ver-
sion. When age, verbal intelligence, and performance
on control questions were partialed out, the explana-
tion task still related significantly to card sorting.

In general, the correlations tended to be somewhat
lower in this experiment than in Experiment 1. One
speculative reason for this could be the longer test
sessions. In an informal comparison of several studies
in this area, Perner and Lang (1999) found a negative
correlation between length of individual testing ses-
sions and correlations between tasks reported.

An important question motivating this experiment
was to what degree the correlation between false-
belief tasks and card sorting was due to the ability to
inhibit a prevalent response strategy as measured by
the go-nogo task. The last column in Table 6 indicates
that the ability to inhibit responses to the nogo stimu-
lus correlated significantly only with false-belief ex-
planation, but not with the prediction or the card-
sorting tasks. Moreover, partialing out correct inhibi-

Table 5 Percentage Correct Inhibitions on Go-Nogo Tasks in
Experiment 2

Age Groups
Difference
between

Oldest and
YoungestTasks (ISI) 2,9–3,5 3,6–3,10 3,11–4,2 4,3–5,8

50–50 (1 s) 87.2 89.7 89.3 94.7 7.5
50–50 (.5 s) 89.3 85.9 90.2 92.7 3.4
75–25 (.5 s) 71.3 78.7 89.8 94.7 23.4
Difference 
(ISI ! .5 s)
50–50 " 75–25 18.0 7.2 .4 "2.0

Table 6 Basic Statistics and Correlations

False Belief Go-Nogo

Variables
Mean % 
(SD) BPVS

Control
Question Prediction Explanation

Card
Sorting Hits

Correct 
Inhibition

Age .54** .38** .60** .53** .45** .53** .34**
BPVS — .32** .33** .52** .49** .48** .42**
Control question 94.9 (12.1) — .41** .28* .35** .30** .15
FB prediction 61.0 (44.3) — — .38** .39** .31** .15
FB explanation 31.5 (41.2) — — [.08] .60** .43** .32**
Card sorting 50.4 (44.7) — — [.14] [.42**] .46** .20
Go-nogo
Hits 58.6 (20.5) — — [".04] [.13] [.21] .40**
Correct inhibition 87.9 (13.2) — — [".08] [.09] [".04] [.21]

Note: Correlations in brackets below the main diagonal are after age, BPVS, and control questions were partialed out. FB ! false belief;
BPVS ! British Picture Vocabulary Scale.
* p % .05; ** p % .01.
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tion performance on the go-nogo task affected the
correlations between the other variables only mar-
ginally by at most .02 correlation points. Clearly, the
observed correlations between belief task and card
sorting were not due to the developing ability to in-
hibit strong response tendencies as measured by the
go-nogo task.

GENERAL DISCUSSION

The main finding of this set of experiments was the
strong correlation between the explanation version of
the false-belief task and card sorting as a paradigm
example of a task requiring executive control. Both
experiments confirmed that there was a strong and
robust correlation (in Experiment 2 the robustness
was limited to the explanation version). Experiment 2
made clear that this correlation could not be due to
developmental changes in the ability to inhibit un-
wanted responses as measured by the go-nogo task.
The fact that in both experiments the explanation task
was in no way easier than the prediction task, and the
fact that the explanation task correlated with card
sorting as strongly as the prediction task (as Russell et
al., 1991, explicitly suggested) showed that it was not
the executive demand of the prediction task of having
to inhibit salient reality or salient thoughts about the
desired object that was solely responsible for the cor-
relation with executive tasks such as card sorting. The
possibility that the explanation task, too, might have
been susceptible to wrong answers in terms of refer-
ence to the salient desired object was ruled out by the
forced-choice question in the identical-looking twins
story of Experiment 1, in which the data clearly
showed that children did not have any systematic
tendency to answer wrongly. Rather they either were
consistently correct (those who had made correct pre-
dictions) or they randomly guessed one of the choices
(those that consistently failed prediction).

This finding suggests that there was no strong in-
hibitory problem for children in the false-belief task
that would be solely responsible for the observed cor-
relations with executive function tasks. This conclu-
sion can be confirmed by several other findings in
the literature that show that task variations in which
the alleged inhibitory problem is reduced are not dis-
cernibly easier for children. For instance, Russell (1996)
reported that 3-year-olds still have severe problems
with a version of the false-belief task in which five lo-
cations are used and the children are merely told that
the object is being relocated from its original box to
one of the other four without actually seeing into
which one. This information should greatly help sup-
press the automatic tendency to point to where the

object is, because the children don’t actually know
where that is. Unfortunately no direct comparison
with the standard version was made. Robinson and
Beck (2000, Experiment 4) did contrast this version
with the standard version (although in a counterfac-
tual reasoning task) and found no difference.

Finally, Clements and Perner (1994) found that a ma-
jority of children as young as 2,11 to 3,2 indicate some
understanding of false belief by looking to the loca-
tion where the protagonist mistakenly thinks the object
is, a good year before they use this location in their
answers to the question regarding where the protag-
onist will look for the object. If children’s problem
were one of explicitly inhibiting a prepotent response
or idea (salient reality), then it should be more difficult
to achieve this inhibition for implicit, unconscious-
looking responses than for explicit, conscious an-
swers to questions.

Therefore, we conclude that, contrary to the claim
by Russell et al. (1991) and Hughes and Russell
(1993), inhibition of a salient idea (reality), disengag-
ing attention from the desired object, or inhibiting a
prepotent response are not the main or only problem
for children in the false-belief task. Consequently the
observed developmental correlation between theory-
of-mind and executive tasks requires a different ex-
planation. In other words, by weakening the first and
most plausible explanation (Russell et al., 1991) of the
observed correlation between theory-of-mind tasks
and executive function tasks, we reveal the need for
other explanations. There are already several attempts
in the literature to explain this relation; for example, a
deeper underlying change that affects both kinds of
abilities or the fact that one kind of ability is a prereq-
uisite for the other ability. Below is a presentation of
these theories in chronological order and, where ap-
plicable, mention of possible problems raised by the
present data.

1. Wimmer (1989; Perner, 1991) suggested that
children gain better self-control with a better under-
standing of their mind. Frith (1992) used this argu-
ment to explain the coincidence of theory-of-mind
problems and inhibition problems in schizophrenic
patients, and Carruthers (1996) used it to explain the
same coincidence in children with autism. The present
study’s data do not speak against this position in gen-
eral. They do, however, pose a problem for the more
specific theory of how false-belief understanding re-
lates to “executive inhibition” formulated by Perner,
Stummer, and Lang (1999). Both false-belief under-
standing and inhibition of unwanted, interfering ac-
tion schemata require an understanding of the causal
effects of mental states; that is, that the false-belief
task makes people look in the wrong place and a pre-
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potent idea or action tendency makes people act
against their better intentions. The false-belief task in-
dexes the development of this understanding, which
then helps children to exert better executive control
over their unwanted interfering action tendencies. This
explanation was thought to apply to the card-sorting
as well as to the go-nogo task. The present finding
that performance on the go-nogo task was not sub-
stantially related to the link between false-belief under-
standing and card sorting speaks against this particu-
lar application of the more general idea that a better
understanding of the mind leads to better self-control.

2. Ozonoff, Pennington, and Rogers (1991) sug-
gested that theory-of-mind and executive abilities are
both impaired in children with autism because these
abilities are served by the same brain region, which
might be damaged or malfunctioning in this popula-
tion. This suggestion can be extrapolated to normal
development by assuming that maturation of this re-
gion accounts for the co-occurrence.

3. Frye et al. (1995) proposed that the ability to rea-
son with embedded conditionals (if–if–then) ac-
counts for the developmental correlation, because the
relevant theory-of-mind and inhibition tasks all re-
quire such a reasoning structure. The finding in the
present study that children’s inhibition problems in
the go-nogo task were few and that there was no sub-
stantial correlation with card sorting fits this theory,
because the go-nogo task has a simple if–then struc-
ture, %a1!press, a2!do not press(, and should
therefore be mastered well before the card-sorting
task with its more complicated if–if–then structure:
%Setting 1: a1!c1, a2!c2; Setting 2: a1!c2, a2!c1(.

However, the data highlight one of the problems of
applying this structural analysis to the belief task
pointed out by Perner and Lang (1999). In particular,
Frye, Zelazo, Brooks, and Samuels (1996) have shown
that the structurally analogous “ramp task” becomes
much easier when only one of the antecedents is used,
and Lang (1999) found the same for the card-sorting
task (i.e., only one kind of test card used). The analy-
sis of the false-belief task provided by Frye et al.
(1995) only mentions one antecedent (a1: “when look-
ing for the chocolate”) that leads, under one setting
condition (own perspective), to one action (c1: go to
object’s actual place); but under the other setting con-
dition (story character’s perspective) leads to another
action (c2: go to object’s original place). Under this
structural description, the false-belief task is a “single-
antecedent task” and should be much easier than
the card-sorting task (a two-antecedents task). The
present study’s data did not provide any support for
this implication: the false-belief task was as difficult
as card sorting.

4. Finally, Russell (1996, 1998, p. 295) argued that
“the monitoring of actions and the ability to act at will
are necessary ingredients to the development of a
‘pretheoretical’ form of self-awareness [and] . . . that
this form of self-awareness must be in place if the
individual is to gain an adequate grasp of mental
concepts.” Although Russell and Hill (2001) rejected
the action-monitoring-deficit hypothesis for autism,
Pacherie (1998) saw a particular problem for children
with autism in forming motor images (Jeannerod,
1997), which are formed when the execution of motor
programs is delayed or blocked and play a role in
trouble shooting and error correction. Motor images
also make the intentions in action conscious and
could be responsible for the executive problems mas-
tered around 4 years and provide the building blocks
for the theory-of-mind development at this age.

The data presented in this article do not, strictly
speaking, rule out any of these newer theories. The
data do, however, speak against the original, most
plausible explanation that the observed relations be-
tween theory-of-mind and executive function tasks
are due to problems of inhibition in the theory-of-
mind tasks. With this option made implausible, fu-
ture research can become fully focused on testing the
newer and more substantive theories about the rela-
tion between theory-of-mind development and exec-
utive control.

The data also contribute to the understanding of
which aspects of executive tasks are responsible for
the developmental link with understanding false be-
lief. The finding that improvements on the go-nogo
task tend to happen before the belief task is mastered
and the fact that there was no substantive correlation
between these tasks suggests that it is not inhibition
of a response, as such, that constitutes the relevant
feature. Similarly, Carlson and Moses (2001; Carlson,
Moses, & Breton, in press) reported that “delay” tasks
that require inhibition of a prepotent temptation like
the go-nogo task did not correlate very strongly with
false-belief tasks. Only “conflict” tasks that required
inhibition and some additional cognitive load (e.g.,
activate a novel response or make the nonresponding
dependent on some background feature as in “Simon
Says”) correlated strongly, and did so even after the
influence of age and intelligence (Hughes, 1998a) and
working memory and performance on delay tasks
(Carlson et al., in press) had been accounted for. Sim-
ilarly in the present data, the go-nogo task showed
little relation with false belief after age and intelli-
gence had been partialed out, whereas card sorting
remained significantly related to the false-belief
task—in particular, the explanation version. The good
correlation with the explanation version adds to this
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picture the finding that the role of inhibition does not
reside in a simple inhibitory component of the stan-
dard false-belief prediction task.
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APPENDIX: FALSE-BELIEF EXPLANATION 
(TWIN TASK)

Episode 1

Two identical-looking twins are playing ball in a room.
Then they place the ball into one of two boxes and one of
them leaves the scene because he wants some milk.

Check question: “Where is the ball?”

Episode 2

The other twin takes the ball out of the box and again
plays with the ball for awhile. Then he places the ball into
the other box and leaves the room as well.

Check questions:
1. “Where is the ball now?”
2. “Has the other one, who had gone outside in order to

drink some milk, seen that the ball is now in the other box?”

Episode 3

Both twins return with their mother who asks them
where their ball is. One twin goes to where the ball actually
is, the other one goes to the other box.

Test questions about the mistaken twin:
1. Open question: “Why does this one look in this box?”

2. Forced-choice question: “Is it because he had
stayed in the room and played with the ball or is it be-
cause he had left the room in order to drink some milk in
the kitchen?”
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