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Abstract

This research examined the relative contributions of two aspects of executive function—in-
hibitory control and planning ability—to theory of mind in 49 3- and 4-year-olds. Children
were given two standard theory of mind measures (Appearance-Reality and False Belief),
three inhibitory control tasks (Bear/Dragon, Whisper, and Gift Delay), three planning tasks
(Tower of Hanoi, Truck Loading, and Kitten Delivery), and a receptive vocabulary test (Pea-
body Picture Vocabulary Test [PPVT-3]). Multiple regression analyses indicated that two in-
hibition tasks (Bear/Dragon and Whisper) were significantly related to theory of mind after
accounting for age, receptive vocabulary, and planning. In contrast, the planning tasks did
not share unique variance with theory of mind. These results increase our understanding of
the specific nature of executive function—theory of mind relations during early childhood.
Published by Elsevier Inc.
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Introduction

The executive functions serve to monitor and control thought and action and
include skills such as self-regulation, inhibitory control, planning, attentional
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flexibility, error correction and detection, resistance to interference, and working
memory (Welsh, Pennington, & Groisser, 1991; Zelazo, Carter, Reznick, & Frye,
1997). Advances in executive functioning are increasingly believed to be linked with
theory of mind development during the preschool period (Carlson & Moses, 2001;
Frye, Zelazo, & Palfai, 1995; Hughes, 1998a; Moses, 2001; Perner & Lang, 2000;
Russell, 1996), although the nature of that linkage remains to be specified.

Recent investigations of typically developing children have shown robust correla-
tions between performance on theory of mind and executive tasks, independent of
age and intelligence (e.g., Carlson & Moses, 2001; Carlson, Moses, & Breton,
2002; Frye et al., 1995; Hala, Hug, & Henderson, 2003; Hughes, 1998a, 1998b; Kee-
nan, Olson, & Marini, 1998; Perner & Lang, 2000; Perner, Lang, & Kloo, 2002). In
perhaps the most comprehensive study of this kind, Carlson and Moses (2001) as-
sessed 107 preschoolers on 10 inhibitory control tasks and four theory of mind tasks.
The inhibition measures consisted of “conflict” tasks requiring the flexible deploy-
ment of dominant and subdominant responses and “delay” tasks requiring children
to postpone a dominant response. Theory of mind tasks consisted of appearance-re-
ality, two types of false belief, and deception. The inhibitory control and theory of
mind task batteries were highly coherent and strongly correlated with one another
(r = .66). Importantly, the correlation remained significant after partialling age, re-
ceptive vocabulary, sex, and additional controls (including number of siblings, a
measure of symbolic play, and nonmental state control tasks). Other investigators
have reported very similar results using other executive tasks. In a meta-analysis
of many of these studies, Perner and Lang (1999) reported an effect size for the
relation of 1.08, which is considered strong in terms of Cohen’s (1988) widely used
criteria.

Although it has been established that a variety of executive skills are closely
bound together with a variety of theory of mind skills, one must determine which
executive skills are most strongly associated with theory of mind development. Mi-
yake et al. (2000) stressed the importance of fractionating executive functioning into
its various components to make it a more theoretically and clinically useful con-
struct. Furthermore, understanding the specificity of the relation is vital to learning
where performance breaks down on theory of mind tasks, which executive skills
might be implicated in the emergence of mentalizing ability, and (by extension)
which deficits may be present in atypical theory of mind development.

Two executive skills hypothesized to be at the heart of the relation between exec-
utive function and theory of mind are inhibitory control (Carlson & Moses, 2001;
Carlson, Moses, & Hix, 1998; Hala et al., 2003; Hughes, 1998a, 1998b; Russell,
1996) and working memory (Davis & Pratt, 1996; Gordon & Olson, 1998; Keenan
et al., 1998). Successful social cognition requires both the ability to hold in mind
multiple perspectives (i.e., working memory) and the ability to suppress irrelevant
perspectives (i.e., inhibitory control). Several investigations testing these hypotheses
have been reported. For example, Hughes (1998a) gave preschool children a battery
of executive function tasks, including inhibitory control, set shifting, and working
memory as well as false belief and deception tasks. Individual differences in
inhibition and working memory were correlated with each other, and both were
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significantly related to the theory of mind tasks. However, after the effects of age and
both verbal and nonverbal intelligence were held constant, working memory was
now unrelated to the theory of mind tasks, whereas inhibitory control remained a
significant predictor of at least one of them (deception).

Carlson et al. (2002) reported similar results using a different set of inhibition and
working memory measures. Inhibitory control was significantly related to false belief
performance after partialling age as well as verbal and nonverbal intellectual ability.
The same could not be said for the working memory measures, which were related to
theory of mind only in raw correlations. Moreover, in Carlson and colleagues’ study,
the relation between inhibitory control and theory of mind held up over and above
working memory performance in addition to the other controls. There was also ev-
idence for specificity within the inhibition construct (see also Carlson & Moses,
2001). Conflict inhibition tasks, which appear to also have a high working memory
load (Diamond, Kirkham, & Amso, 2002), were more strongly related to false belief
performance (as well as to working memory) than was a delay task that has relatively
low working memory demands (for similar results, see Hala et al., 2003). These find-
ings suggest that a combination of inhibition and working memory capacity—con-
structs that might themselves be integrally related (for perspectives on this issue,
see Beveridge, Jarrold, & Pettit, 2002; Engle, 2002; Roberts & Pennington,
1996)—plays a crucial role in children’s understanding of false belief and deception.

That said, other executive abilities also might be implicated in normative theory of
mind development. Planning ability, in particular, is a complex executive skill that
develops on a timetable similar to that of theory of mind (Atance & O’Neill,
2001) and might well be related to it. By 2 years of age, children are beginning to talk
about future events, and such talk increases over the preschool years (Hudson, Shap-
iro, & Sosa, 1995; Nelson, 1989). However, experimental evidence indicates that chil-
dren’s ability to sequence future events, such as waking up, getting dressed, and
going to sleep, is not well developed until 4 years of age (Friedman, 1990), the very
time at which marked changes in theory of mind performance are also occurring.

Consistent with the dual onset of planning and theory of mind skills, Bischof-
Kohler (1998; as cited in Perner & Lang, 2000) found evidence for a relation between
them. In that study, 3- and 4-year-olds were administered a planning task in which
they had to select items to bring along on a shopping trip. Some items were relevant
(e.g., wallet), whereas others were irrelevant yet enticing (e.g., flashlight). The same
children also participated in a standard unexpected location false belief task. Bisc-
hof-Kohler found that children’s planning competence was significantly correlated
with false belief performance (r = .39). Although these results are intriguing, age
and verbal ability were not controlled in that study. In addition, there are clear in-
hibitory requirements to ignoring the attractive items, so one would want to know
whether the false belief-planning relation would hold when individual differences
in inhibitory control were held constant. It is also difficult to determine the extent
to which the shopping task was a pure planning measure given that it is heavily
dependent on script-based knowledge.

Frye (2000) proposed that a more specific aspect of planning ability is implicated
in theory of mind development. According to Frye and Zelazo’s cognitive complexity
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and control theory, reasoning with embedded rules is critical for success on many
executive and theory of mind tasks (Frye, 1999, 2000; Frye et al., 1995). Frye
(2000) suggested that the executive function—theory of mind relation is “‘most rele-
vant to the executive functions of planning and deliberative action” (p. 156). He ar-
gued that conditional reasoning is required for planning appropriate actions as
opposed to inhibiting inappropriate ones. According to cognitive complexity and
control theory, advances in conditional reasoning (i.e., if-if-then relations) enable
children to reflect on the problem at hand and allow them to develop an appropriate
plan of responding. This same ability is believed to be required for success on theory
of mind problems such as the unexpected location false belief task in which children
must analyze what a character’s plan of action will be under a specific set of embed-
ded conditions.

Frye (1999) listed several instances of indirect evidence against a simple response
inhibition account of age-related changes in performance on executive tasks such as
the dimensional change card sort developed by Frye et al. (1995). For example, Jac-
ques, Zelazo, Kirkham, and Semcesen (1999) found that 3-year-olds had trouble de-
tecting the errors of a puppet sorting the cards perseveratively according to a
previously correct dimension, even when the children themselves took no part in
the sorting game. This kind of evidence is taken to suggest that 3-year-olds’ difficulty
on executive function and theory of mind tasks is not an inhibitory problem but
rather one of initially failing to see that the same action can be put to different pur-
poses within the same situation. Hence, executive function and theory of mind fail-
ures could reflect a common difficulty in producing or comprehending intentional
embedded action plans.

Consistent with this proposal, Hughes (1998b) found a significant relation between
preschool children’s performance on the Tower of London (Shallice, 1982), a classic
executive planning task, and theory of mind, controlling for age and receptive vocab-
ulary. However, there were also significant relations between theory of mind and in-
hibition (Luria’s Hand Game) and attentional flexibility (i.e., set shifting). Because
the primary focus in that study was longitudinal prediction between executive func-
tion and theory of mind over a 1-year period, it was not reported whether the plan-
ning, inhibition, or set-shifting measures accounted for unique variance in theory
of mind when entered simultaneously in a multiple regression. The longitudinal anal-
yses showed that one task in particular, detour reaching (an inhibitory control task),
best predicted later theory of mind. However, no planning measure was administered
at the first time point to help tease apart the role of inhibition and planning ability.

Preliminary evidence suggesting that planning might not in fact be a crucial
source of executive function—theory of mind relations comes from Carlson and
Moses (2001). They administered a motor sequencing task along with their inhibi-
tory control and theory of mind batteries. This task, adapted from Welsh et al.
(1991), requires children to tap the keys of a musical keyboard in sequence over
and over again as fast as they can for 10s. It calls for motor planning but has rela-
tively weak inhibition demands. Motor sequencing was related to both the inhibitory
control and theory of mind task batteries, but the correlations fell below significance
after age, sex, and receptive vocabulary were controlled. Furthermore, the relation
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between inhibitory control and theory of mind remained highly significant when mo-
tor sequencing was partialled along with the control variables. This finding suggests
that executive function—theory of mind relations may be specifically mediated by in-
hibitory control. However, because only one type of planning task was included, it
could not be ruled out that other aspects of executive planning ability would sub-
sume the relation between inhibitory control and theory of mind. In particular, fol-
lowing Frye’s (2000) proposal, planning measures that include hierarchically
embedded goal-oriented actions, as opposed to simpler action plans such as motor
sequencing, ought to provide the most rigorous test of the relation between planning
and theory of mind.

In sum, there is evidence suggesting a specific relation between executive function
and theory of mind that might be underpinned by inhibitory processes (or inhibitory
processes in combination with working memory). However, it remains possible that
the relation is not unique to inhibitory control but instead is a product of other exec-
utive abilities such as hierarchical planning. Therefore, the goal of this study was to
examine the relative contributions to preschoolers’ theory of mind of inhibitory con-
trol and planning ability. The major question under investigation was whether these
executive abilities indeed relate to theory of mind over and above relevant controls
and, if so, whether their associations with theory of mind are unique or overlapping.

To answer that question, we administered theory of mind, inhibitory control, and
planning batteries, as well as a measure of receptive vocabulary, to a sample of typ-
ically developing preschoolers. The theory of mind battery consisted of standard
false belief and appearance-reality tasks (Flavell, Flavell, & Green, 1983; Perner,
Leekam, & Wimmer, 1987; Wimmer & Perner, 1983). The inhibitory measures, all
originally derived from Kochanska, Murray, Jacques, Koenig, and Vandegeest
(1996), consisted of Bear/Dragon, requiring children to alternately perform and sup-
press actions requested by puppets; Whisper, requiring them to whisper the names of
familiar cartoon characters; and Gift Delay, requiring them not to peek while an ex-
perimenter noisily wrapped a gift. We selected these tasks because they had previ-
ously been found to correlate with theory of mind and because they represented
the two separate aspects of inhibition (conflict and delay) described by Carlson
and Moses (2001; see also Carlson et al., 2002).

The planning battery consisted of three established and developmentally appro-
priate measures from previous research: Tower of Hanoi (Simon, 1975; Welsh,
1991), in which children were required to transfer disks onto pegs according to a
set of rules; Truck Loading (Fagot & Gauvain, 1997), in which children had to load
party invitations onto a truck in reverse order so as to deliver them in an efficient
manner; and Kitten Delivery (Fabricius, 1988), a route planning task in which chil-
dren were asked to deliver kittens to their mother as quickly as possible. In all three
tasks, children needed to ignore local suboptimal solutions and instead plan the se-
ries of actions that would allow them to solve the problems most efficiently. More-
over, all three tasks involve conditional reasoning along the lines specified by Frye
(2000). For example, in the Truck Loading task, if one is to deliver invitations from
the top of the stack, and if the pink house is /ast, the solution is to load the pink in-
vitation onto the truck first.
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If the executive function—theory of mind relation is specific to inhibitory control,
inhibition should relate to theory of mind over and above planning as well as age and
receptive vocabulary. The reverse pattern would be expected if planning ability is
central to the executive function—theory of mind relation. Finally, if planning and
inhibition make independent contributions to theory of mind, both should relate sig-
nificantly to theory of mind over the controls.

Method
Participants

The participants were 49 preschool children from the Seattle, Washington, metro-
politan area (mean age =4 years 0 months, range = 38—-59 months). There were 24 3-
year-olds (10 boys and 14 girls, mean age = 3 years 7 months) and 25 4-year-olds (12
boys and 13 girls, mean age =4 years 4 months). One additional child participated
but did not complete the study.

Procedure

Children were tested individually in a single 45-min videotaped laboratory ses-
sion. As is standard practice in individual differences research, measures were pre-
sented in a fixed order (for a rationale, see Carlson & Moses, 2001). The order of
tasks was as follows: Peabody Picture Vocabulary Test (third edition, PPVT-3), Ap-
pearance-Reality, Tower of Hanoi, Bear/Dragon, Contents False Belief, Truck
Loading, Whisper, Location False Belief, Gift Delay, and Kitten Delivery. Each
measure is described in detail in the following section. The same female experimenter
tested all children.

Measures

Verbal ability measure

Children were given the PPVT-3 (Dunn & Dunn, 1997). The PPVT is a measure
of receptive vocabulary that correlates highly with full-scale verbal intelligence mea-
sures such as the Wechsler Preschool and Primary Scales of Intelligence (revised,
WPPSI-R) (Carvajal, Parks, Logan, & Page, 1992) and the verbal subscale of the
Stanford-Binet IV (Hodapp, 1993), as well as with theory of mind (Carlson & Mo-
ses, 2001). The experimenter states a word, and children select the picture that best
illustrates it (out of four choices). Testing continues until children err on 8 out of a
set of 12 words. One 4-year-old did not complete the PPVT-3.

Theory of mind measures

Location False Belief. In a version of Wimmer and Perner’s (1983) standard unex-
pected location false belief task, two puppets (Bert and Ernie) played with a ball
briefly, and then Bert put the ball in a blue container and left. Ernie retrieved the
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ball, played briefly with it, and then put it away in a red container and left. Finally,
Bert returned, wanting to play with the ball, and the experimenter asked the false
belief question (““Where does Bert think the ball is?”’) followed by the reality question
(““Where is the ball really?”’). Two 3-year-olds and a 4-year-old erred on the reality
control question. In this and the other theory of mind tasks, such cases were treated
as missing data.'

Contents False Belief. Following procedures developed by Perner et al. (1987) and
Gopnik and Astington (1988), the experimenter presented a Band-Aid box and
asked children what they thought was inside. After it was revealed that the box
actually contained crayons, the experimenter closed the lid and asked children about
their own former false belief (““When you first saw this box, before we opened it,
what did you think was inside?”), the belief of a naive puppet (“Here comes Ernie.
He has never looked inside this box before. What does he think is inside?’’), and the
reality control question (““What’s really inside?”’). Children were scored for their
knowledge of their own former belief and the other’s current false belief (range =
0-2). Six 3-year-olds erred on the reality control question. Contents False Belief
scores were also missing for two 4-year-olds due to experimenter error.

Appearance—Reality. The experimenter showed children two objects with misleading
appearances (Flavell et al., 1983; Flavell, Green, & Flavell, 1986). One was a piece of
sponge painted to look like a rock, and the other was a picture of a red castle that
looked black when held behind a green filter. For each stimulus, children first were
shown how the object looked and the true identity or true color of the object. Next,
the experimenter asked the appearance question (“When you look at this right now,
does it look [like a sponge/red] or does it look [like a rock/black]?”’), followed by the
reality question (‘““What [is/color is it] really?’’). Children received credit on each task
if they answered both the appearance and reality questions correctly (range = 0-2).
Appearance—Reality data were missing for one 3-year-old due to camera failure.

Inhibitory control measures

Bear/Dragon. The Bear/Dragon task (Kochanska et al., 1996; Reed, Pien, & Roth-
bart, 1984) is a simplified version of “Simon Says” in which children need to se-
lectively suppress commanded actions. To begin, the experimenter asked children to
imitate 10 self-directed actions (e.g., “Touch your ears’). She then introduced two
puppets—a “nice bear” and a “naughty dragon”—and instructed children to do
what the bear asked them to do but not to follow the dragon’s commands. In
practice trials, the experimenter moved the bear’s mouth and said (in a high-pitched
voice), “Touch your nose,” and then moved the dragon’s mouth and said (in a low
gruff voice), “Touch your tummy.” Children passed the practice if they followed the
bear’s command but ignored the dragon’s command. All children but four (three 3-
year-olds and one 4-year-old) succeeded on the bear practice the first time. For the

! No child answered more than one reality control question incorrectly. The results were similar when
children who failed the control question were instead scored as failing the task.
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dragon practice, children who failed five practice trials in a row were told that the
experimenter would help them on a final practice trial by holding their hands down
on the table. Two children (one 3-year-old and one 4-year-old) required this level of
assistance on the dragon practice trials. The experimenter then did a verbal rule
check by asking children what they should do when the bear asked them to do
something, and she repeated the question for the dragon. The experimenter provided
feedback on children’s responses and asked both questions again as necessary. Five
children (four of them 3-year-olds) required correction on the rule checks. (All
passed on the second trial.) This was followed by 10 test trials (5 bear trials and 5
dragon trials in alternating order) in which children were given no assistance. They
were reminded of the rules after 5 trials regardless of performance. Children received
scores ranging from 0 to 3 on each dragon trial (0=a full commanded movement,
1 =a partial commanded movement, 2= a wrong movement, 3 =no movement). Four
3-year-olds refused to complete the task. Reliability coding was conducted on a
randomly selected 33% of the sample (n=16). Disagreements were resolved by a
third coder. For the rule check, Cohen’s kappa =1.0; for test trials, kappa = .80.

Whisper. This task required children to whisper during an exciting identification game
(Kochanska et al., 1996). To warm up, the experimenter asked children to whisper
their names. Most participants were able to do so on the first try. Then, they were
asked to whisper the names of 10 cartoon characters consecutively presented on
laminated cards. Of these characters, 6 were familiar to most preschoolers at the time
the study was conducted (e.g., Big Bird, Mickey Mouse), and 4 were unfamiliar to
children of this age (e.g., Fat Albert). The experimenter spoke in a whisper
throughout and reminded children to whisper after the first five trials. Scoring was as
follows: 0=a shout, 1 =a normal or mixed voice, and 2 = a whisper. Interrater reli-
ability was high for practice and test trials, Cohen’s kappas = 1.0 and .97, respectively.

Gift Delay. This measure called for delay of gratification (Kochanska et al., 1996).
The experimenter asked children to sit in a chair facing away and to try not to look
while she wrapped a gift for them. She then noisily wrapped the gift over a period of
60s. Finally, she invited children to open their present (a small toy animal). Coding
included (a) a peeking score (0 =turning fully around to peek, 1 = peeking over the
shoulder, 2 = no attempt to peek), (b) the total number of times children peeked, and
(c) latency to peek over the shoulder. Coder agreement was as follows: peeking score,
Cohen’s kappa = .80; total number of peeks (exact agreement), kappa = .63 (all were
within a score of 1); and latency to peek was within 1 s on 94% of double-coded cases.

Planning measures

Tower of Hanoi. Children were given Welsh’s (1991) simplified version of this classic
planning task developed by Simon (1975). The simplified version is more appropriate
for younger children. It included an ascending order of difficulty across trials. In
addition, it allowed children to execute a move sequence without first verbalizing
their plans, and children received explicit feedback on their errors. Following Welsh
(1991), this was labeled the “Monkey Jumping Game” in which three wooden disks
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represented monkeys (smallest disk = baby sister monkey, medium-sized disk =boy
monkey, and largest disk =daddy monkey), three wooden pegs represented trees,
and the table represented a huge river around the trees. The experimenter explained
that the larger monkeys could not sit on top of the smaller monkeys in the same tree
because they would “smush” them, but the smaller monkeys could sit on top of the
larger monkeys. Children were told that only one monkey could jump at a time and
that the monkeys could never be put on the table because that would mean that they
fell into the water. In a rule check that followed, most children demonstrated that
they understood the rules on the first try, with seven children (five of them 3-year-
olds) requiring one extra reminder before passing the rule check. Next, the experi-
menter introduced a second set of trees and monkeys (the experimenter’s monkeys)
and told children that the children’s monkeys were copycat monkeys that always
wanted to look like her monkeys. The task increased in difficulty, starting with two
wooden disks requiring two moves to match the experimenter’s monkeys (which
were always positioned on the far right goal peg) and eventually progressing to using
three wooden disks requiring four moves to match the experimenter’s monkeys.
Altogether, there were six levels of difficulty. For each level of difficulty, children
received two trials and had to pass one of the two trials to continue to the next level.
The experimenter reminded children of the relevant rule after each incorrect trial
(e.g., that only one monkey can jump at a time). Data were not recorded for one 3-
year-old due to camera failure, and one 4-year-old did not want to play this game.
Performance was scored as the highest level of planning successfully completed (0 to
6), Cohen’s kappa =1.0.

Truck Loading. In this adaptation of a task developed by Fagot and Gauvain (1997),
children were asked to pretend that they were mail carriers using a toy mail truck to
deliver differently colored party invitations to similarly colored wooden houses
placed around a street block (a large poster board depicting a neighborhood). The
experimenter first demonstrated the game using one house and one invitation. She
instructed children to load the invitation onto the back of the truck and then ex-
plained that the neighborhood had a one-way street as she demonstrated the route to
be taken by the truck. Directional arrows were marked on the road as a reminder.
Children then completed a warmup with two houses in which they were given the
following instructions: “Now there are two houses that we want to invite to the
party. The yellow invitation goes to the yellow house, and the purple invitation goes
to the purple house. Now, we need to deliver these party invitations fast so that
everyone will be able to come to the party. The fastest way is to drive around the
block only one time.” Next, the experimenter suggested a way in which to put the
invitations on the back of the truck so that they could be delivered quickly. “You
always have to take the letter off the top of the truck so that the top invitation goes to
the first house and the next invitation goes to the next house.” She demonstrated
loading the truck in reverse order. Then, children were given a rule check (“So, can I
take one from the bottom of the truck?”’). The experimenter repeated this until
children answered correctly (“no’), giving feedback after each answer. All but
12 children needed correction on the order rule. After children delivered these
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invitations with the experimenter’s help, the warmup houses were replaced with two
differently colored houses (red and black) and the test trials began. One new house
was added for each successive level of difficulty, ending with five houses and a total
of four levels of difficulty. For each level, children received two trials and had to pass
one of them to continue to the next level. The dependent variable at each level was
whether or not children stacked the invitations in reverse order to that in which they
needed to be delivered. Self-corrections were permitted during the loading phase.
After loading, children proceeded to deliver the invitations and the experimenter
gave feedback about the relevant rule on incorrect trials (e.g., that children must
always take the invitation from the top of the truck). Then, she collected the invi-
tations and returned the truck to the starting point to try again (up to two trials at
each level). Children received scores based on the highest level achieved (0 to 4).
Coding was reliable, Cohen’s kappa =1.0.

Kitten Delivery. This task was derived from one used by Fabricius (1988). Children
are required to plan to minimize the distance traveled in gathering kittens located in
buckets around the room. Wellman, Fabricius, and Sophian (1985) first developed
this method to help separate nonplanful “sighting” from planful search techniques.
These earlier studies showed that planning was clearly evident in children’s search
sequences by 3! years of age and improved over the remaining preschool years. In a
warmup, two buckets containing one toy kitten each were placed together in the
center of the room, and a toy mother cat was placed 12in behind them. The ex-
perimenter explained that the kittens had been playing in the buckets, had gotten
stuck, and now needed help in getting out of the buckets because the mother cat was
really worried about her kittens. Then, the experimenter asked children to remove
the kittens from the buckets and to set them next to the mother. There were two
levels of difficulty in the main task (two Kkittens and three kittens). For each level,
children received two trials and had to pass one of them to continue to the next level.
For Level 1, the kittens were set in buckets on opposite sides of the room, 90 in apart.
Children were positioned at the far end of the room so that they were 90in away
from each bucket; thus, the children and buckets formed an equilateral triangle. For
Level 2, the third bucket was positioned 113in across from the children and 60in
away from each of the other two buckets; thus, the three buckets formed an isosceles
triangle. The position of the mother cat alternated between the far left bucket and
the far right bucket on each trial. Children were told that the kittens were playing in
the buckets again and had gotten stuck. On each trial, the refrain from the experi-
menter was, ““You’ll want to stop by each bucket and pick up each kitten and bring it
to the mama cat. You want to go the quick way so you don’t have to do a lot of
walking and you can get the baby kittens to the mother cat right away. She needs
them as soon as possible because she’s really worried. Okay, go ahead and bring the
kittens to their mother as soon as you can.” For Level 1, the most efficient route was
to go to the bucket farthest from the mother first and then to the bucket beside the
mother. For Level 2, the most efficient route was to go to the bucket farthest from
the mother first, then to the middle bucket, and last to the bucket beside the mother.
In contrast to the preceding planning tasks, the experimenter did not provide explicit
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feedback about inefficient solutions but simply reminded children of the objective to
go quickly and not to do a lot of walking at the beginning of each trial. Children
were scored according to the highest level achieved (0, 1, or 2). Coding agreement
was high, Cohen’s kappa = .90.

Results

We first describe the results for the individual measures, followed by the major
analyses of the relations among them.

Vocabulary assessment

The average age-standardized score on the PPVT-3 was 111.8, SD = 15.0.
Descriptive statistics for the raw scores are displayed in Table 1. As shown in
Table 2, raw PPVT-3 scores were correlated with age but not with sex. Raw scores
were used in subsequent analyses that included age as a covariate.

Theory of mind assessment

We first computed average Appearance—Reality scores (across the sponge/rock
and castle trials) and average False Belief scores (across location, contents [self],
and contents [other] measures) for each participant. Children’s performance on the
theory of mind measures in each age group is shown in Table 1. As indicated,
4-year-olds performed better than 3-year-olds, significantly so on Appearance—Real-
ity. As shown in Table 2, Appearance—Reality and False Belief were significantly re-
lated. Therefore, we computed composite scores (average across the five theory of
mind items) for use in further analyses. Scores were prorated for missing data.
The theory of mind composite was significantly correlated with age and PPVT-3
but was unrelated to sex, and the same was true for the False Belief and Appear-
ance—Reality measures taken separately (Table 2).

Executive function assessment

Inhibitory control

Mean scores on each of the inhibitory measures are shown in Table 1. Although
4-year-olds performed better than 3-year-olds on all three tasks, the difference was
significant only for the Whisper test trials. Following Carlson and Moses (2001),
for each inhibitory control task, we created a single score by standardizing and ag-
gregating across the dependent measures that were significantly intercorrelated: on
Bear/Dragon, the number of dragon practice trials (reversed) and dragon test trial
scores, r(45) = .85; on Whisper, the number of practice trials (reversed) and mean
scores, 7(49) = .54; and on Gift Delay, all three dependent measures of waiting,
r8(49) = .73 to .86 (all ps < .001). As shown in Table 2, two of the aggregated inhib-
itory control measures—Bear/Dragon and Gift Delay—were significantly correlated
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Table 1
Performance on all measures as a function of age
Measure 3-year-olds 4-year-olds Total Age effects
(n=24) (n=25) (N =49)
Receptive vocabulary
PPVT-3 55.46 (16.23) 73.29 (20.47)  64.38 (20.37)  1(46) = 3.34*
Theory of mind
Appearance-Reality 41 (.36) .66 (.37) .54 (.38) 1(46) = 2.33"
(range =0-1)
False Belief (range=0-1) 35 (41) 49 (.36) 42 (.39) 1(47) =1.33
Composite (range =0-1) .36 ((29) .57 (:32) 46 (.32) 1(47) = 2.37
Inhibitory control
Bear/Dragon
Practice required 1.72 (1.24) 1.40 (1.08) 1.50 (1.15) t(44) = 0.64
(range = 1-6)
Dragon score (range =0-15) 12.40 (4.65) 13.72 (3.21) 13.13 (3.92) 1(43) =1.12
Whisper
Practice required 1.13 (0.34) 1.08 (0.28) 1.10 (0.31) 1(47) = 0.51
(range =1-2)
Mean score (range = 1-2) 1.87 (0.29) 1.99 (0.04) 1.93 (0.21) t(47) = 2.05*
Gift Delay
Peek score (range =0-2) 1.08 (0.93) 1.28 (0.74) 1.18 (0.83) t(47) =0.82
Total peeks (range = 0-6) 1.84 (1.95) 1.36 (1.44) 1.59 (1.71) 1(47) = 0.97
Latency (range =1-605s) 35.75 (25.40) 4542 (18.90)  40.68 (22.62)  (47) =1.51
Planning
Tower of Hanoi (range =0-6)  2.00 (1.68) 2.17 (1.97) 2.09 (1.82) t(45) =0.31
Truck Loading (range = 0-4) 1.38 (1.01) 2.24 (1.51) 1.82 (1.35) 1(47) = 2.35
Kitten Delivery (range =0-2) 1.17 (0.70) 1.12 (0.83) 1.14 (0.76) t(47) =0.21

Note. Standard deviations are in parentheses. The Ns for individual tasks ranged from 41 to 49 due to
missing data.

“p < .05

p< .0l

with one another. Whisper scores were unrelated to these two tasks. As a result, we
analyzed the inhibitory control tasks separately in further analyses. Bear/Dragon
scores were significantly correlated with age (Table 2). No other relations between
inhibitory control and age, sex, and PPVT-3 were significant.

Planning

Mean scores on the planning measures are shown in the bottom portion of
Table 1. As indicated, 4-year-olds outperformed 3-year-olds significantly on the
Truck Loading task. Intercorrelations among the planning measures are provided
in Table 2. Tower of Hanoi and Truck Loading were significantly related. Kitten
Delivery was unrelated to these two tasks. Following our approach with respect
to the inhibitory control measures, we examined the three planning tasks sepa-
rately in subsequent analyses. As shown in Table 2, Truck Loading scores were



Table 2
Correlations between measures

2 3 4 5 6 7 8 9 10 11 12
(a) Bivariate correlations
1. Age -.02 .50 36 24 .20 A5 ST -.08 42+ 40+ .50+
2. Sex -22 .02 .16 24 -.10 .00 .01 .05 -.02 .00
3. PPVT-3 25 .26 .18 .32+ 42+ .10 .54+ .34 49+
4. Bear/Dragon -.05 .36 .04 .36 .01 .32+ 43 Al
5. Whisper .08 23 .19 23 .34 Rk 37
6. Gift Delay .18 .19 21 25 21 22
7. Tower of Hanoi 41 23 37 —-.06 15
8. Truck Loading .03 48+ 34 48"
9. Kitten Delivery 12 .03 .06
10. Appearance-Reality 41 19+
11. False Belief .88
12. Theory of Mind Composite
2 3 4 5 6 7 8 9

(b) Partial correlations controlling for age and receptive vocabulary

1. Bear/Dragon -.17 31 -.04 .19 .03 18 .32¢ .32¢

2. Whisper .02 17 .04 24 37 22 .34

3. Gift Delay 13 .08 22 .16 13 .05

4. Tower of Hanoi .36 21 25 -.18 .02

S. Truck Loading .06 28 13 .19

6. Kitten Delivery 12 .04 .07

7. Appearance-Reality .29° 70

8. False Belief .84

9. Theory of Mind Composite

Note. Ns ranged from 42 to 47.

“p < .05,

“p< .0l

fp=.05.
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significantly correlated with age and PPVT-3. Tower of Hanoi performance was also
related to PPVT-3. Kitten Delivery was not related to age or PPVT-3. There were no
significant correlations with sex.

Prior to further correlational analyses, we examined whether there were floor ef-
fects on any of these planning tasks. This was not the case. The proportions of chil-
dren who produced perfect solutions at the simplest level of difficulty were 81, 92,
and 78% for Tower of Hanoi, Truck Loading, and Kitten Delivery, respectively. This
analysis suggests that children’s failures at the more complex levels are likely due to
their increased planning demands rather than to mere confusion or low-level difficul-
ties in understanding the tasks.

Relation between inhibitory control and planning

Next, we examined whether our executive function measures themselves were re-
lated and whether this relation would remain after we controlled for age and recep-
tive vocabulary. If so, this would raise the possibility of a general executive function—
theory of mind correlation but not a specific contribution by either inhibition or
planning. As shown in Table 2, only one such relation reached statistical significance,
that is, that between Bear/Dragon and Truck Loading. After partialling age and
PPVT-3, however, this relation fell below significance. Therefore, planning and in-
hibitory control appeared to be largely independent constructs as measured by the
tasks included here.

Specifying the relation between executive function and theory of mind

The next and most critical series of analyses was aimed at specifying the relative
contributions of inhibitory control, planning, age, and vocabulary to theory of mind.
As shown in Table 2, the correlations between theory of mind and two of the inhib-
itory control measures (Bear/Dragon and Whisper) were significant. Importantly,
these relations remained significant after controlling for effects due to age and recep-
tive vocabulary. The same general pattern was apparent for False Belief and Appear-
ance—Reality taken separately, although some of the partial correlations fell below
significance.

The correlations between the planning measures and theory of mind are also
shown in Table 2. Truck Loading was significantly related to the Theory of Mind
Composite as well as to the False Belief and Appearance—Reality measures in the
raw correlations, and Tower of Hanoi was related to the False Belief measure. How-
ever, unlike the findings for inhibitory control, these relations did not hold up over
and above age and PPVT-3.

Regression analyses

To determine the specific contribution of inhibitory control to theory of mind
when planning ability was accounted for in addition to the controls, we carried
out a series of hierarchical multiple regressions. In the first of these, with the Theory
of Mind Composite as the dependent variable, we included the control variables
(age and PPVT-3) in the first block. Age was a significant predictor and PPVT-3
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was marginally significant, /s = .43 and .27, #s(42) = 3.02 and 1.91, ps < .01 and .07,
respectively. The three inhibitory control measures were entered simultaneously in
the second block. Consistent with the partial correlation analyses we reported, both
Bear/Dragon and Whisper were significant predictors of theory of mind perfor-
mance, fis = .32 and .31, #s(5,37) = 2.41 and 2.63, ps < .025 and .015, respectively.
In the third block, we entered the three planning measures simultaneously. The re-
sults of the final model are shown in Table 3. Even with all three planning measures
included, the Bear/Dragon and Whisper tasks remained significant predictors of the-
ory of mind. In contrast, the planning measures failed to account for significant var-
iance in theory of mind scores over and above the inhibition measures and controls.

In the second regression analysis, we reversed the order of entry such that the
planning measures were entered in the second block (after age and PPVT-3) and

Table 3

Hierarchical multiple regression of variables predicting theory of mind (final models)
Variable p t p
(a) Theory of Mind Composite as the criterion®
Age 15 0.87 39
PPVT-3 26 1.91 .07t
Bear/Dragon 31 2.28 .03*
Whisper .30 2.36 .02*
Gift Delay .03 0.20 .85
Tower of Hanoi -.07 -0.52 .61
Truck Loading 17 1.04 31
Kitten Delivery .00 0.03 98
(b) Appearance—Reality as the criterion®
Age .00 -0.03 98
PPVT-3 .34 2.55 .02*
Bear/Dragon 24 1.73 .09f
Whisper .30 2.40 .02*
Gift Delay .07 0.56 .58
Tower of Hanoi .16 1.18 25
Truck Loading 18 1.13 27
Kitten Delivery .00 -0.01 .99
(¢) False Belief as the criterion®
Age 22 1.10 .28
PPVT-3 A5 0.95 .35
Bear/Dragon 28 1.79 .08f
Whisper 23 1.58 13
Gift Delay .00 0.01 .99
Tower of Hanoi -.21 -1.39 17
Truck Loading .08 0.44 .67
Kitten Delivery .01 0.07 94

* Note. N = 42. Multiple R = .73; R*> = .54; adjusted R*> = .43; SE = .24.
® Note. N = 42. Multiple R = .74; R? = .54; adjusted R? = .43; SE = .30.
¢ Note. N = 42. Multiple R = .62; R*> = .38; adjusted R?> = .24; SE = .33.
“p < .05.
Tp= .05
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inhibitory control was entered last. None of the planning measures was significantly
related to theory of mind in the second block: Tower of Hanoi, Truck Loading, and
Kitten Delivery (s = —.06, .21, and .06, respectively). Thus, there was no evidence
that planning was a significant predictor of theory of mind, even without controlling
for inhibition.

Next, we addressed the question of whether a similar pattern of results would hold
when using each individual theory of mind measure in turn as the criterion variable.
It remained possible that planning ability would play a stronger role than would in-
hibition with respect to the Appearance—Reality and False Belief measures. These re-
sults are shown in Table 3. In a regression analysis predicting Appearance—Reality
from age, PPVT-3, the three inhibitory control measures, and the three planning
measures, both PPVT-3 and Whisper scores were significant in the final model.
Bear/Dragon was marginally significant. Age, Gift Delay, and the three planning
measures were not significant. In a parallel analysis using False Belief as the crite-
rion, in the final model, only Bear/Dragon was a marginally significant predictor.
In both of these analyses, the planning measures all were nonsignificant even when
entered second, that is, after age and PPVT-3 but before the inhibition measures.
Thus, these results were broadly consistent with the findings for overall theory of
mind: individual differences in inhibitory control, but not planning, were related
to theory of mind performance.

Finally, in an effort to allow planning—theory of mind relations to emerge if they
existed, we made two changes to our main regression analysis. First, the Kitten De-
livery planning task not only failed to relate to theory of mind but also did not relate
to the other planning tasks or to age and vocabulary. Although the task has been
used successfully as a planning measure in previous research (Fabricius, 1988; Well-
man et al., 1985), it would be reasonable to question its validity as an index of plan-
ning in the current study. Given that, the measure may have simply been muddying
the waters in our regression analysis. Second, in contrast to the Kitten Delivery mea-
sure, the other two planning measures were significantly related to one another.
Therefore, we reconducted our main regression analysis without the Kitten Delivery
measure and with a new composite planning measure that aggregated Truck Load-
ing and Tower of Hanoi. However, even in this analysis, the same pattern emerged.
The Whisper and Bear/Dragon measures were again significant predictors of theory
of mind performance over age and PPVT-3 (ps < .05), whereas the new composite
planning measure did not approach significance (p > .65).

Discussion

The remarkable changes in children’s theory of mind during the preschool period
do not occur in a vacuum. Instead, they coincide with a number of other important
advances in cognitive development during that period, most notably (from our per-
spective) executive functioning. Several aspects of executive function have been
linked with theory of mind, including inhibitory control and working memory (Carl-
son & Moses, 2001; Carlson et al., 2002; Davis & Pratt, 1996; Gordon & Olson,
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1998; Hala et al., 2003; Hughes, 1998a, 1998b; Keenan et al., 1998). The goal of this
investigation was to begin to further specify which components of executive func-
tioning (a rather heterogeneous set of cognitive problem-solving skills) are most
strongly associated with theory of mind development. We focused, in particular,
on inhibitory control and planning ability. Both of these skills undergo dramatic im-
provement during the preschool period, and both have been implicated in theory of
mind development.

Our findings indicated that two inhibition tasks, in particular, were significantly
related to children’s theory of mind performance over and above effects due to age
and receptive vocabulary: Bear/Dragon and Whisper. A similar pattern of results
was obtained for the Appearance—Reality and False Belief tasks taken separately.
These results are consistent with other reports suggesting a close association between
individual differences in inhibitory control and theory of mind using these and other
inhibition tasks (e.g., Carlson & Moses, 2001; Carlson et al., 2002; Frye et al., 1995;
Hala et al., 2003; Hughes, 1998a, 1998b; Perner & Lang, 2000). In studies that in-
cluded the same inhibitory control measures used in the current study, Carlson
and Moses (2001; see also Carlson et al., 2002) reported that Bear/Dragon and Whis-
per were more strongly related to theory of mind than was Gift Delay. In Carlson
and Moses (2001), these measures also loaded onto two different factors (conflict and
delay) in a principal components analysis. Conflict tasks such as Bear/Dragon
and Whisper require children to suppress a dominant response that conflicts with
the response called for in the experimental context. In the case of Bear/Dragon, chil-
dren must initiate and suppress a prepotent response in an alternating pattern. On
the Whisper task, they must initiate a subdominant response across a series of vary-
ing trials throughout the game. On Gift Delay and similar tasks, in contrast, children
need to postpone a prepotent response and remain “in idle” for a period of time.
Carlson and Moses (2001) proposed that what may separate the conflict and delay
tasks is working memory load: conflict tasks require that children hold in mind
the pertinent rules as well as inhibit a prepotent response. Consistent with this pro-
posal, Carlson et al. (2002) reported that Bear/Dragon and Whisper (conflict tasks)
were significantly related to working memory tasks and to False Belief, whereas Gift
Delay was not. The differential relations to theory of mind found for the inhibitory
tasks included in the current study are consistent with Carlson and Moses’ analysis.

In contrast, none of the planning measures was significantly related to theory of
mind or its subcomponents (False Belief and Appearance—Reality) in parallel anal-
yses controlling for age and receptive vocabulary. Intriguingly, this was the case even
though the Truck Loading planning task had exhibited the strongest raw correlation
with theory of mind of any of the executive measures. However, Truck Loading also
showed the strongest relations to age and vocabulary of these measures. Given that
the theory of mind tasks were also strongly correlated with age and vocabulary, it
appears that the relation between Truck Loading and theory of mind was driven lar-
gely by general cognitive/maturational factors as opposed to some more specific fac-
tor common to these constructs. Furthermore, regression analyses revealed that the
inhibition measures contributed to theory of mind significantly even when the three
planning measures were controlled in addition to age and PPVT-3. These findings
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are consistent with those of Carlson and Moses (2001), who reported that a motor
sequencing task was unrelated to theory of mind after partialling age, sex, and verbal
ability. The current study significantly extends those results by examining a larger
and more complex set of planning measures. It also extends Hughes’s (1998b) re-
search by demonstrating that the conflict inhibition measures were related to theory
of mind even when individual differences in planning were controlled.

We selected planning tasks that had the common feature of requiring children to
develop and execute a plan involving one or more embedded actions. Following Frye
(2000), we hypothesized that this aspect of planning would be the strongest candi-
date to test in relation to theory of mind. A further advantage of using measures
of this type is that such measures, unlike Bischof-Kohler’s shopping task, do not rely
on children’s script-based knowledge. Nonetheless, as noted previously, we failed to
find a relation between planning and theory of mind. It is important to note that the
results were not due to floor effects on the planning measures. Even the 3-year-olds in
our study exhibited an ability to find the first-level solution to the hierarchical plan-
ning problems. Moreover, our participants demonstrated the full range of scores on
each of the planning measures, suggesting that restricted variability cannot explain
the lack of correlations with theory of mind. It was also not the case that the effects
of planning were masked by shared variance with inhibitory control given that the
planning and inhibition tasks were not significantly related when age and PPVT-3
were controlled. In addition, it seems unlikely that shared information processing
and/or linguistic demands, as opposed to inhibitory factors per se, could account
for the differential pattern of relations between our executive tasks and theory of
mind. For example, it is not obvious that the planning tasks imposed fewer memory
demands than did the inhibition and theory of mind measures. Furthermore, al-
though it is true that the planning tasks all called for nonverbal responses, it is also
the case that one of the significant predictors of theory of mind (Bear/Dragon)
shared this characteristic.

That said, we included only three measures of planning, and of course it is possi-
ble that other planning tasks might show a different pattern of relations to theory of
mind. Moreover, planning is a multidimensional construct, and we focused on only a
specific subset of planning tasks, albeit those that have been argued to be most likely
to relate to theory of mind. With that in mind, future research might include a larger
and more varied battery of planning measures (e.g., measures that more strongly em-
phasize future-oriented thinking and/or verbalized plans). Nonetheless, our results
suggest that sequential embedded action planning might not be the key factor under-
lying advances in both executive functioning and theory of mind.

In conclusion, a growing body of research indicates that individual differences in
inhibitory control and theory of mind are closely bound together during develop-
ment. Earlier research has found that this relation persists over age, sex, intelligence,
sibling status, and symbolic play. In addition, the relation is especially strong for
conflict inhibition measures as opposed to delay inhibition measures, and it remains
when other aspects of executive function, such as working memory capacity and
motor sequencing, are controlled (Carlson & Moses, 2001; Carlson et al., 2002; Hala
et al., 2003; Hughes, 1998a, 1998b; Perner et al., 2002). The findings of the current



S.M. Carlson et al. | Journal of Experimental Child Psychology 87 (2004) 299-319 317

research add to this evidence by showing that the relation persists over executive
planning ability as well. Together, these various findings strongly point to conflict
inhibition as being at the heart of the executive function—theory of mind relation.
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