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Abstract

In two experiments, 330 3- to 4-year-olds competed for stickers in a game in which the optimal response strategy was to point to
an empty box that their opponent would receive in order to obtain a baited box for themselves. When the baited box contained
stickers, children showed a strong tendency to point at the baited box and therefore lose the stickers to their opponent. In
Experiment 1 children performed better when the number of stickers to be won was represented with one of five different types of
symbol: numerals, number words, dots, a photograph or sweets. In Experiment 2 children transferred their improved performance
in symbolic conditions to non-symbolic conditions. These findings suggest that symbols enable children to formulate an efficient
response strategy, and that this effect may be qualitatively different in children from the effect of symbols in non-human

primates.

Introduction

Between 3 and 4 years of age there are substantial
changes in children’s executive control (e.g. Zelazo,
Muller, Frye & Marcovitch, 2003) and in their
understanding of symbols (e.g. Bialystok, 2000; Liben,
1999). Importantly, these domains of development
interact, consistent with the long-standing contention
in cognitive science that symbols are essential to flexible
thought and action (e.g. Werner & Kaplan, 1963). On the
one hand, there are empirical relationships between
executive tasks and tasks designed to test 3—4-year-olds’
understanding of symbols. For example, Bialystok (1999)
found that performance on the moving word test of
symbolic understanding (e.g. Apperly, Williams &
Williams, 2003; Bialystok, 1991) was correlated with
performance on a test of executive function (the
dimensional change card sort task: Frye, Zelazo &
Palfai, 1995). On the other hand, symbols can affect
children’s performance on tests of children’s executive
control. For example, Carlson, Davis and Leach (2005)
tested children’s executive control on a task that required
them to select a smaller quantity of a reward in order to
receive a larger quantity, and found that children
performed better when the rewards were represented
symbolically than when they were not (see also Russell,
1996, for comparable findings on a related task).
However, although there is recently emerging evidence
to suggest that symbols can help children to perform

better on some tests of executive control, it is not known
which aspects of symbols help children, nor which
aspects of executive function are facilitated. Regarding
the first point, there are several potentially important
factors that are introduced when objects are replaced
with symbols, including changed levels of desirability,
varying resemblance to the object and varying degrees of
transparency between symbol and object. However, it is
not clear whether the effect of symbols results from one
of these individual aspects, from several of them, or from
all of these aspects in combination. Regarding the second
point, it is unclear whether symbols help children to
formulate a response strategy, or whether they reduce the
executive costs of executing a response on a task.
The present study will directly address these two
points by investigating the effect of different kinds of
symbol on children’s performance on a reverse-
contingency task.

The reverse-contingency task that has been most
widely studied in 3- to 4-year-old children is Russell
et al’s “Windows task’ (e.g. Carroll, Apperly & Riggs,
2007a; Hala & Russell, 2001; Russell et al. 1991; Russell,
Jarrold & Potel, 1994; Samuels, Brooks & Frye, 1996;
Simpson, Riggs & Simon, 2004). In this task there is a
counterintuitive reverse-contingency between the child’s
action and the result of the action. The child is presented
with two boxes and a simple rule: they must point to a
box for the opponent to open, and will themselves open
the other box and receive its contents. The child can see
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an attractive reward (e.g. a sticker) in one box, and can
see that the other box is empty. Thus, in order to obtain
the reward, the child must point to the empty box for an
opponent to open. Whereas 4-year-olds typically
perform well, 3-year-old children commonly fail this
task, pointing to the box containing the reward that they
wish to obtain, and thereby losing it. This failure is
surprisingly resistant to feedback, with many children
persisting with their incorrect strategy over 15 or 20
repeated trials. This perseverative pattern is consistent
with the view that children’s difficulty is executive in
nature (see e.g. Russell, 1996), and mirrors findings with
reverse-contingency tasks in non-human species (e.g.
Boysen & Berntson,1995; Boysen, Berntson, Hannan &
Cacioppo, 1996; Kralik, Hauser & Zimlicki, 2002;
Vlamings, Uher & Call, 2006).

There is evidence that children’s performance on
reverse-contingency tasks can be improved in a variety
of ways. Children perform better if they indicate their
chosen box by rotating an arrow or by placing a marker,
rather than by pointing with their hand (e.g. Carlson,
Moses & Hix, 1998; Carroll, Apperly & Riggs, under
submission; Hala & Russell, 2001). Children perform
better if they play with an ally than if they play alone
(Hala & Russell, 2001), if they are prompted with
instructions that explicitly relate their response to the
outcome of winning or losing the reward (e.g. Carroll
et al., 2007a; Samuels et al., 1996), or if the box without
the reward contains a non-desirable scrap of paper rather
than being empty (Carroll, Apperly & Riggs, 2007b). Of
particular relevance to the current study, there is also
evidence that children perform better when symbolic
representations of stimuli, rather than real stimuli, are
used. In a study by Carlson, Davis and Leach (2005), two
boxes were baited with a smaller and a larger number of
sweets, or with symbols representing the sweets (e.g. 5
versus 2 small stones; a card with many dots versus a
card with fewer dots; an elephant picture versus a mouse
picture to represent 5 versus 2 sweets). The children’s
task was to point to the box with the smaller number in
order to obtain the box with the larger number and they
were rewarded with the corresponding number of sweets
in all conditions. There was a trend for better
performance in all conditions with symbols, although
only one symbol type (Mouse =small number/
Elephant = large number) had a statistically significant
effect.

Convergent evidence that symbols might help
performance on reverse-contingency tasks comes from
research with non-human primates. A variety of non-
human species have difficulty with such tasks (see e.g.
Boysen & Berntson,1995; Boysen et al., 1996; Kralik,
et al., 2002; Vlamings et al., 2006). There is evidence
that some individuals can learn to respond at above-
chance levels after many trials (many tens or hundreds
of trials), but other individuals do not seem to learn.
Boysen and Berntson (1995; Boysen, Berntson, Hannan
& Cacioppo, 1996) report results from six chimpanzees
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who failed to improve performance over several
hundred trials of a reverse-contingency task. The
animals also performed poorly in a condition where
the sweets were represented with an analogue symbol
(stones). Interestingly, however, the chimpanzees had
been trained in the representation of small numerical
quantities with Arabic numerals, and when sweets were
represented with numerals all six animals performed
significantly above chance.

These data from children and non-human primates
indicate that symbols may improve performance on
reverse-contingency tasks, but the precise nature of this
effect is not clear. Carlson et al. (2005) invoke the idea
of a ‘gradient of symbolic representation’ to explain
why symbolizing sweets with larger versus smaller sets
of stones was less effective than symbolizing sweets
with pictures of a larger versus a smaller animal.
However, although a ‘gradient of symbolic
representation” has some intuitive appeal, Carlson
et al. (2005) do not offer any objective criteria by
which the symbolic ‘gradient’ or ‘distance’ between a
symbol and a referent can be determined a priori.
Moreover, even in principle, it is unclear whether such
criteria could be determined, or whether a single
dimension is really the most informative way to
characterize the relationship between symbol and
referent. In the current work we test more specific
hypotheses about which features of a symbol can help
3- to 4-year-old children.

What features of symbols might help children
respond optimally on reverse-contingency tasks?

Children’s difficulty on reverse-contingency tasks seems
to be with exploiting their knowledge of the task rule,
rather than with comprehending the rule (indeed,
comprehension of the rule is usually a criterion that
children must meet before entering the test-phase of a
study). When faced with a box containing the desirable
stimulus, therefore, unsuccessful children either cannot
work out the correct response strategy of pointing to
the empty box, or they cannot act on this strategy.
Given these possible problems, and considerations from
the broader literature on children’s symbolic
development (see e.g. Carlson & Zelazo, 2008;
DeLoache, 1991; Liben, 1999), we suggest three
factors that might enable symbols to improve
children’s performance.

One possibility is that 3- to 4-year-olds perform poorly
on reverse-contingency tasks because the objects to be
won (stickers or sweets) are highly salient stimuli that
would attract children’s attention even if they were not
part of the task. Symbols might therefore assist children
to the extent that they are less intrinsically desirable and
attention-grabbing than the objects that they symbolize.
This account predicts that children’s performance might
be improved if desirable stickers are symbolized with
stimuli that are of low intrinsic desirability, such as dots,
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a photograph, a numeral or a number word'. In contrast,
this account predicts that children’s performance should
not be enhanced if the goal of stickers is represented by
intrinsically attractive, attention-grabbing objects, such
as sweets.

A second possibility is that what constitutes a
distracting stimulus is determined by the specific goal of
the task (in this instance, obtaining stickers), rather than
by any intrinsic desirability of the stimulus itself. This
account predicts that children’s performance might be
improved if the symbols used bear little resemblance to the
reward items that are the child’s goal on the task. Thus, if
the child is trying to win stickers, their performance might
be improved by the use of symbols dissimilar in appear-
ance to stickers (e.g. dots, numerals, number words, or
sweets), even if these symbols are themselves intrinsically
desirable (e.g. sweets). In contrast, this account predicts
that children’s performance will not be enhanced if stickers
are symbolized with photographs of stickers, because the
photographs’ close visual resemblance to the stickers
means that they are likely to be potent reminders of the
stickers that the child wishes to obtain.

A third possibility that we considered was that
children’s performance might be determined by their
ability to read the symbol. Three- to four-year-old
children can typically read analogue representations
(e.g. dots, photographs and sweets) and written
representations of small numbers when they are
numerals. However, children of this age are much less
likely to be able to read number words (e.g. Bialystok,
2001). Nonetheless, children are familiar with having
words read to them, meaning that the symbol’s meaning
can be introduced to them by the experimenter (e.g.
Apperly et al., 2004; Bialystok, 1991, 2001). Competing
predictions can be made about the effects of being able to
read the symbols used on a reverse-contingency task, and
these are of interest because children’s reading fluency
improves with age, and at different rates with different
symbols. One possibility is that symbols that children can
read would be more effective at enhancing performance,
because children would find it easier to remember the
quantity signified by the symbols. Alternatively, symbols
that children can read may be less effective at enhancing
performance, because if children can directly access their
meaning then they may be more potent reminders of the
distracting properties of the desirable goal (Carlson
et al., 2005). A third prediction would be that if symbols
enhance children’s performance simply because they are

! It is conceivable that the effect of symbols might be greater or
different in kind if the rewards were food (which has appetitive
value) rather than stickers. However, the literature clearly
shows that preschoolers have difficulty on reverse-contingency
tasks played with stickers or with sweets. It may be fruitful for
future work to test whether the effects of symbols differ for
rewards with and without appetitive value, but in the absence
of current evidence to the contrary we shall assume that
findings from studies using stickers as rewards would generalize
to studies using sweets or other foods.
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not the reward that children wish to obtain then
children’s ability to read the symbols’ meaning for
themselves might make no difference to any beneficial
effect on a reverse-contingency task .

All three of the above factors were investigated in
Experiment 1 of the current paper. In all of our
experimental conditions children competed to win
stickers. In the Stickers condition — a standard version of
the Windows task — one box was empty and the other was
baited with N stickers. In each of the five Symbol
conditions, one box was empty and the other contained
one of five types of symbol: a photograph of N stickers, a
card with N printed dots, N sweets, the numeral ‘N’ and the
number word ‘N’. In these conditions, if the child pointed
to the empty box then they obtained the box with the
symbol and were rewarded with N stickers. These specific
symbol types were chosen to allow us to assess the
contribution of each of the factors identified above to
children’s performance on reverse-contingency tasks.

Experiment 1

Method
Participants

We tested 180 children (92 boys) with a mean age of 3;11
(range 3;2-4;6). Children were from nurseries serving an
upper working class or lower middle class population in
Birmingham, UK. Approximately 15% of children were
of Asian or African descent. The remainder were White.
All spoke English as their first language. Children were
randomly assigned to each condition, yielding 6 groups
of 30. A univariate ANOVA showed no difference in the
mean ages of children in each group, F(5,174) = 1.59,
p = .16, with the mean age of children in the Stickers
condition (3;11) falling in the middle of the range of the
means for the Symbol conditions (3;9-4;0). The
distribution of ages and genders for each condition is
detailed in Table 1.

Procedure

The “Windows task” has been used in a number of previous
studies, which show that children find the task challenging
regardless of whether their opponent is a real person
(Hala & Russell, 2001), or a puppet (e.g. Simpson et al.,
2004), or indeed if they have no opponent at all (Carroll,
Apperly & Riggs, 2007a, b; Russell, Jarrold & Potel,
1994). Similarly, previous work has shown that children
have problems whether the treat to be won is a sweet (e.g.
Hala & Russell, 2001) or a sticker (e.g. Carroll et al.,
2007a, 2007b). Some reverse-contingency tasks require
participants to choose between a smaller and a larger
quantity (e.g. Boyson et al., 1996; Carlson et al., 2005).
However, the Windows task has always been presented
with one baited box and one empty box, and that was the
procedure followed here. The current procedure was



Table 1  Sex and age distributions across the conditions of
Experiments 1 and 2

Mean age (months)

Male: Younger half Older half

Female of sample of sample Overall
Experiment | conditions
Stickers 16:14 439 49.9 46.9
Numerals 12:18  44.5 50.2 47.3
Number words 17:13  45.1 50.5 47.8
Dots 16:14  43.6 49.2 46.4
Sweets 14:16 427 48.1 453
Photograph 17:13  43.0 49.7 46.3
Experiment 2 conditions
Stickers 12:18  42.1 47.8 45.0
Number words 12:18 423 473 44.8
Number words—Stickers 14:16  42.5 47.5 45.0
Photograph 12:18 419 46.8 444
Photograph-Stickers 22:8 42.0 47.4 44.7

modelled on the version of the task used by Simpson et al.
(2004). Children were told that they would play a game
with a puppet, Kevin the crocodile, to see which of them
could win more stickers. All children began with a training
phase to ensure that they understood the rules of the game
and the method of responding.

Training phase — Stickers condition

Children were shown two covered boxes (approximate
dimensions 10 x 6 X 6 cm) and told that one box had no
stickers inside whereas the other had a small number, N
(but not which box was which). They were told that they
could choose which box Kevin looked in, and that Kevin
kept any stickers he found in that box, while the child
would keep any in the other box. The child was then
asked to point to the box they wanted Kevin to look in.
The experimenter opened the box, said how many
stickers were inside (either no stickers or N stickers),
and gave any stickers to Kevin. The child looked inside
the other box, the experimenter said how many stickers
there were (either no stickers or N stickers), and the child
received any stickers. After five such training trials we
checked that the child had grasped the rule of the game.
After the first box was opened the child was asked ‘So
who gets the stickers this time? You or Kevin?' This
check trial was repeated until the child gave three
consecutive correct responses. All children reached this
criterion within five further training trials.

Testing phase — Stickers condition

Boxes with windows cut into them were introduced and
the experimenter pointed out that it was now possible to
see which box had stickers inside. This was the first point
at which children could respond with a systematically
correct strategy of pointing to the empty box for the
opponent to open. As in the training phase, one box had
N stickers and the other had none. Across trials, N was 1,
2 or 3, determined pseudo-randomly such that each N
appeared the same number of times across trials. Each
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trial began with the experimenter telling the child how
many stickers would be used on that trial. The stickers
were placed in one of the two boxes and the boxes were
placed on the table with the windows facing the child,
enabling the child to see which box contained the
stickers. The child was prompted with the words ‘Point
to a box for Kevin to look in’. After the child responded
the experimenter said ‘[Kevin/You] get(s) [N] stickers this
time’, as appropriate. This procedure was repeated for
nine trials, this being the number of trials shown by
Carroll, Apperly and Riggs (2007b) to be sufficient to
observe improved performance both in a standard
version of a task and when the wording of the test
instructions was manipulated.

The Symbol conditions were closely matched to the
Stickers condition, with the single difference that
throughout training and testing phases, one of the
boxes contained a symbolic representation of number
on a small card (approximate dimensions 4 X 4 cm)
instead of stickers. Whoever obtained the box containing
the symbol card was then rewarded with the number of
stickers corresponding to the number represented on the
card. The stickers were drawn from a container kept by
the experimenter. Children’s understanding of the
relationship between the symbol and the stickers was
checked in the warm-up phase, in which they were asked
to say who was to receive stickers as a result of finding
the symbol. Three consecutive correct responses were
required before children entered the test phase of the
experiment.

The level of reward was the same as in the Stickers
condition. At the start of each trial, before the symbol-
card was placed face-up in a box, the experimenter showed
the card to the child and told the child the number depicted
on the card. Thus, even if the child could not read the
symbol for themselves, they were made aware of its
numerical value. In the test phase of the experiment the
windows in the side of the boxes meant that the symbol was
clearly visible. Five distinct symbol types were presented:
Dots, Photographs, Sweets, Numerals and Number words.
The ‘Dots’ symbols were cards with 1, 2 or 3 black dots
(5 mm in diameter) on a white background. ‘Photograph’
symbols were a printed digital photograph of 1, 2 or 3
stickers on a black background. Each sticker in the
photograph was of a similar size to the stickers that
children won — approximately 15 mm diameter. ‘Sweets’
symbols were 1, 2 or 3 wrapped candies approximately
20 mm x 10 mm X 10 mm. ‘Numeral’ symbols were the
numerals ‘1°, 2’ or ‘3’ printed in black on a white
background in 60-point font. ‘Number word’ symbols
were the words ‘one’, ‘two’ or ‘three’ printed in black on a
white background in 48-point font.

Symbol reading test

To test the ability of children in our sample to read word
and numeral symbols, children were presented with the
words ‘one’, ‘two’ and ‘three’ and the numerals 1, 2 and 3
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Figure 1 Proportion of children giving a correct response on

each trial in the six conditions of Experiment 1.

on flash-cards in a varied order across children. This
reading test was always presented after the main
experiment. No feedback was given to children on the
reading test.

Results and discussion

The proportion of children giving a correct response on
each test trial of each condition is plotted in Figure 1.
With only one exception (Numerals condition, trial 9), on
every trial, each of the five Symbol conditions had a
higher proportion of children giving a correct response
than the non-symbolic Stickers condition. Although there
was some variability from trial to trial, all conditions also
showed a trend for improved performance over time.

Overall performance

An initial analysis compared the effects for males and
females. Each child’s number of correct responses (out of

9) was entered into an ANOVA with condition and sex as
between-child factors. This analysis revealed no effect of
sex, F(1, 168) = .598, p = .44, n],2 = .004, and no
significant interaction between sex and condition,
F(5, 168) = .392, p = .85, n],2 = .012. There was a
significant main effect of condition, F(5, 168) = 2.53,
p = .031, np2 = .07. Data were combined for males and
females in all subsequent analyses, and the main effect of
condition was explored fully in a further analysis.

For an overall analysis of children’s performance in
each condition, taking into account the possibility of
change over time, we calculated the average number of
correct responses for each child for trials 1-3 (Time 1),
trials 4-6 (Time 2), and trials 7-9 (Time 3) (see Table 2).
This analysis method was employed successfully by
Carroll, Apperly and Riggs (2007a, 2007b). We
conducted an analysis of variance (ANOVA) with Time
as a within-child factor, and Condition (Stickers, Dots,
Pictures, Sweets, Numerals and Number words) and Age
(younger versus older half of the children in each
condition) as between-child factors. There was a
significant main effect of condition, F(5, 168) = 2.79,
p = .019, n‘,,2 = .08. T-tests showed that performance in
each Symbol condition was higher than performance in
the Stickers condition (all ps < .038), but no symbol
condition differed from any other (all ps > .19). Because
our hypotheses concerned possible differences between
Symbol conditions and the non-symbolic Stickers
condition, we corrected for multiple comparisons using
Dunnett’s test for multiple comparisons against a single
baseline. The one-tailed form of this test was used
because the prediction was for higher scores in the
Symbol conditions than in the Stickers condition. With
this correction, the difference between Stickers and
Number words, Dots and Sweets remained significant
(p = .002, p = .03 and p = .008, respectively), whereas
the differences for Stickers versus Numerals and for
Stickers versus Photographs were marginally significant
(p = .052 and p = .071, respectively).

The same ANOVA also revealed a significant main
effect of Time, F(2, 336) = 68.1, p < .001, nl,,2 = .29,

Table 2 Number of correct responses on trial 1, frequency with which children gave 0, 1, 2 or 3 correct responses over the first
three trials, and comparison of this distribution against chance. Mean number of correct responses for the first, second and third set of

three trials in each condition in Experiment 1

Time 1 (Trials 1-3)

Time 2
(Trials 4-6)

Time 3
(Trials 7-9)

Number of correct Correct responses

Comparison between
observed distribution

responses on Trial 1 0 1 2 3 and chance? Mean/3 Mean/3 Mean/3
Expected by chance 15 375 1125 11.25 3.75 1.5 1.5 1.5
for n = 30
Stickers 10 11 12 0 7 > (1,30) = 19.6 p < .001 1.1 1.8 2.2
Numerals 15 7 3 5 15 x> (1,30) =374 p < .00l 1.9 2.4 24
Number words 23 5 1 3 21 %> (1,30) = 60.8 p < .001 2.3 2.5 2.7
Dots 18 9 5 1 15 x> (1,30) =484 p < 001 1.7 2.5 2.7
Sweets 17 5 3 8 14 x> (1,30) = 23.5p < .001 2.0 2.5 2.7
Photograph 15 9 6 3 12 x*(1,30) =324 p < .001 16 22 2.8
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and of Age, F(1, 168) = 16.3, p < .001, npz = .09, and
significant interactions between Condition and Time,
F(10, 336) = 2.48, p = .007, np2 = .07, and between
Time and Age, F(2, 336) = 3.94, p = .02, n,,2 = .023.
All other effects were non-significant (all ps > .28).

To interpret the interaction between Condition and
Time in the main analysis we conducted univariate
ANOVAs to examine the effects of condition at each
time point. At Time 1 there was a significant main effect of
condition, F(5, 174) = 3.53, p = .005, n],2 = .10. T-tests
showed that performance in each Symbol condition was
higher than performance in the Stickers condition (all
ps < .016), and that performance with Number words was
significantly higher than performance with Dots
(p = .049) and Photographs (p =.016). No other
comparisons were significant (all ps > .19). To correct
for multiple comparisons against the Stickers baseline
condition we conducted one-tailed Dunnett’s tests, which
revealed significant effects for Numerals (p = .02),
Number words (p < .001) and Sweets (p = .008), and
non-significant effects for Dots (p =.087) and
Photographs (p = .189). At Time 2 the main effect of
condition was only marginally significant, F(5, 174) =
2.25, p = .086, np2 = .06. T-tests showed that
performance in the Numerals, Number words, Dots and
Sweets conditions was higher than performance in the
Stickers condition (all ps < .035). No other comparisons
were significant (all ps < .14). One-tailed Dunnett’s tests
between Symbol conditions and the Stickers condition
revealed significant effects for Number words (p < .018),
Sweets (p = .034) and Dots (p = .034) and non-significant
effects for Photographs (p = .23) and Numerals (p =
.077). At Time 3 the main effect of condition was non-
significant, F(5, 174) = 1.53, p = .182, np2 = 05 In
sum, all Symbol conditions apart from Photographs
differed significantly from the Stickers condition at one
or more points in time, but the overall difference between
Stickers and Symbol conditions decreased over time as
children’s performance tended towards ceiling. It must be
noted that, because children’s performance improved over
time in all conditions, there was less room for a beneficial
effect of symbols to be apparent at later points in time.
Nonetheless, the findings from this analysis are more
consistent with symbols helping children either imme-
diately or rapidly (i.e. within the first three test trials) than
with symbols helping children to learn gradually from
feedback. This point will be returned to below.

To interpret the interaction between Age and Time we
examined the effects of Age at Time 1, Time 2 and
Time 3. Three univariate ANOVAs with Age as a
between-child factor showed significant effects of age at
each point in time (all Fs > 7.26, all ps < .008). The
interaction was a result of the difference in performance
between the younger and the older children being largest
at Time 1 (Younger = 1.4/3 correct, Older = 2.2/3
correct), smaller at Time 2 (Younger = 2.1/3 correct,
Older = 2.6/3 correct) and smallest at Time 3
(Younger = 2.4/3 correct, Older=2.8/3 correct).
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Trial 1 performance

It is important to determine whether symbols improved
children’s performance from trial 1 or whether they
allowed rapid learning from negative feedback in the first
three trials. To investigate this, we used one-tailed
Fisher’s exact tests to examine whether the frequency of
correct responses in each Symbol condition was greater
than the frequency of correct responses in the Stickers
condition (these frequencies are recorded in Table 2). All
Symbol conditions showed a trend for more correct
responses than the Stickers condition. This difference was
significant for Number words (p = .001) and Sweets
(p = .035), but not for Dots (p = .059), Photographs
(p = .13) or Numerals (p =.15). Indeed, once a
correction for multiple comparisons was made, only
Number words were significantly different from Stickers.

Comparison against chance over trials 1-3

From Table 2 it is apparent that the mean number of
correct responses over the first three trials did not greatly
exceed that expected by chance in several of the Symbol
conditions. There are two possible explanations for this.
One is that children in the Symbol conditions were
largely guessing during the early trials; this random
responding might be statistically better than the
performance of children in the Stickers condition, who
were systematically wrong, but clearly would not
constitute good performance. The second explanation
is that some children in the Symbol conditions were
responding consistently poorly, while others were
responding consistently well, leading to overall
condition means of near-chance levels. In this latter
case, the distribution of scores over the first three trials
should deviate from that expected by chance, even
though the group mean might not. This pattern would
indicate that the correct interpretation for the effect of
symbols was that they enabled more children to perform
consistently and correctly from trial 1. To distinguish
between these two possibilities we compared the
frequency distribution of 0, 1, 2 or 3 correct responses
over the first three test trials with that expected by chance
for each experimental condition>. The frequency
distributions and the results of the chi-squared analyses

2 If all children in a sample of 30 are guessing then the expected
frequencies for 0 and 3 correct responses are both 3.75 and the
expected frequencies for 1 and 2 correct responses are both
11.25. Because the expected frequencies for 0 and for 3 correct
responses are each less than 5 it would be inappropriate to
conduct a chi-squared analysis to compare separate observed
frequencies of 0, 1, 2 and 3 correct responses against chance. To
solve this problem we combined the frequencies of 0 and 3
correct responses (total expected frequency = 7.5) and the
frequencies of 1 and 2 correct responses (total expected
frequency = 22.5). Comparing observed and expected
frequencies for these combined responses using a chi-squared
test (df=1) showed that the distribution of children’s scores
differed from that expected by chance in every condition.
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are presented in Table 2. The chi-squared analyses show
that the frequency distributions in all six conditions
differ significantly from those expected by chance. That
is to say, the group means for several conditions may
have been relatively close to 50% correct, but children
were not guessing in any condition. Inspection of the
frequency distributions suggests that most children were
either consistently correct or consistently incorrect over
the first three trials, with more children giving
consistently correct responses in Symbol conditions
than in the Stickers condition. In a further analysis we
examined this hypothesis directly.

Consistency or improvement over trials 1-3?

For a more powerful test of whether Symbol conditions
were helping children to deploy the correct strategy
immediately, or helping them to learn from feedback over
the first test trials, we examined the pattern of correct
responses over trials 1 to 3. If symbols help children to
respond consistently and correctly from the very first test
trial, then more children should respond correctly on all
of the first three test trials in the Symbol conditions than
in the Stickers condition. It is clear from Table 2 that
there was indeed a trend for more children to respond
consistently correctly in the Symbol conditions. Across
all of the Symbol conditions, 84 children were
consistently correct compared with 66 children who
were not. In the Stickers condition, 7 children were
consistently correct compared with 23 children who were
not. A chi-squared test confirmed that there was a
significant  difference between these patterns of
performance, ¥*(1,180) = 10.7, p < .01.

In contrast, if symbols were enabling children to learn
rapidly from initial negative feedback then Symbol
conditions should have more children who began with an
error on trial 1, but who switched to the correct response
strategy on trial 2 or trial 3. In fact, the number of children
showing this pattern of improvement was relatively low in
each condition: Stickers = 6, Numerals = 8, Number
words = 2, Dots = 2, Sweets = 8, Photographs = 6. We
conducted a chi-squared test to compare the frequency of
this pattern in the Stickers condition (6 children, compared
with 24 children who showed other response patterns) with
the frequency of this pattern combined over the Symbol
conditions (26 children, compared with 124 who showed
other response patterns). This analysis confirmed that
these patterns did not differ, x*(1,180) = .12, p > .99,
suggesting that children were no more likely to improve
over the first three trials in the Symbol conditions than in
the Stickers condition. Thus, the effect of symbols seems to
have been to increase the likelihood that children would
perform correctly and consistently from the very first test
trial.

On the symbol reading test, the overall sample of
children read 2.4/3 (77%) of the numerals ‘1°, ‘2’ and ‘3’
correctly, and 0.13 (4%) of the number words ‘one’, ‘two’
and ‘three’ correctly, consistent with Bialystok (1991).
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In sum, we found clear trends for children to perform
better on reverse-contingency tasks when the stickers that
could be won were represented symbolically. Although
older children performed better than younger children,
both younger and older children performed better in the
Symbol conditions. Most conditions showed improved
performance over time, but the effect of symbols was to
enable more children to perform correctly from the very
first test trial, not to increase the rate of learning over
time. This effect was apparent even when the symbols
were intrinsically attractive (sweets), or unreadable
(number words), and there was a trend for an effect
when the symbols were direct reminders of the children’s
goal (photographs of stickers). This pattern suggests that
none of these factors was essential for children’s
performance to be better in a Symbol condition.
However, because photograph symbols showed only a
trend towards helping children’s performance, we tested
the robustness of this effect on two new samples of
children in Experiment 2. Therefore we reserve a more
complete discussion of the effects of different kinds of
symbol for the general discussion.

The main objective of Experiment 2 was to examine
the nature of the effect of symbols. The findings from
Experiment 1 suggest that symbols do not help children
to learn from feedback. However, this finding that
symbols result in improved performance from the very
first test trial could be accounted for by two very
different explanations. Explanation 1: symbols might be
helping children to formulate the correct strategy (on the
first test trial or during training). Explanation 2: symbols
might be helping children to execute a strategy that they
successfully formulate on all versions of the task
(symbolic and non-symbolic). To distinguish between
these possibilities we took our inspiration from Boysen
and Berntson (1995), who showed that chimpanzees that
performed above chance in a symbolic (numeral) version
of a reverse-contingency task performed below chance
when, within the same block of trials, they switched to a
non-symbolic version of the task (presented with sweets).
For Boysen and Berntson (1995) this finding was
consistent with Explanation 2 (above): symbols were
helping chimpanzees to execute a strategy that they had
already learned over many previous trials. When
subsequently faced with a non-symbolic version of the
task, the animals were unable to execute this strategy
because they could not inhibit the prepotent response of
pointing to the larger amount of sweets.

It is possible that Explanation 2 also applies to
children. However, recent findings by Carroll et al
(2007a, 2007b) suggest that, unlike chimpanzees, chil-
dren’s difficulties on the task can be alleviated by helping
them to formulate the correct strategy (Explanation 1).
Carroll et al. (2007a) found that children performed
better on a reverse-contingency task when the prompt to
respond on a test trial related the child’s response
explicitly to the outcome of winning or losing the reward



(‘point to a box for me [the opponent] to open so that
I don’t get the sticker’), compared with children who
received ‘standard’ prompts (‘point to a box for me to
open’). Critically, children who had been given the
experimental prompt continued to perform well even on
later trials in which they were prompted with ‘standard’
prompts. This transfer suggests that the novel prompt
helped children to formulate a generalizable strategy for
responding. The same pattern was found in Carroll ez al.
(2007b), when children played a two-object variant
reverse-contingency task in which one box contained a
desirable sticker and the other contained a non-desirable
piece of paper. Not only did children in this condition
perform significantly better than children in a ‘standard’
condition where there was no non-desirable object, but
children who began with the two-object condition
continued to perform better on later trials in which
they played a ‘standard’ version of the task.

No previous study of children has tested whether the
beneficial effect of symbols will transfer to a non-
symbolic condition. Our aim in Experiment 2 was to use
this method to distinguish between the two alternative
explanations for the effects of symbols on children’s
performance.

We selected two symbol types from Experiment 1,
Number words and Photographs, because they have a
number of contrasting symbolic properties, enabling us to
test whether any of these properties were necessary for
observing a generalizable effect of symbols. Words are
representationally opaque and cannot be read by most
3- to 4-year-old children; they have low intrinsic
desirability; and they do not resemble stickers and so do
not serve as a direct reminder of the task goal of winning
stickers. In contrast, photographs of stickers are
representationally transparent and do serve as a direct
reminder of the task goal of stickers. The use of
Photograph symbols also enabled us to check the
robustness of the non-significant effect of Photograph
symbols in Experiment 1.

In Experiment 2 we repeated the Sticker, Photograph,
and Number word conditions of Experiment 1. We also
included two ‘mixed’ conditions, in which children
completed three initial test trials with either Number
words or Photographs, before completing a further six
test trials with Stickers. Experiment 1 showed clear
effects of Symbol conditions after just three test trials, so
we gave children in the two mixed conditions three trials
with Symbols before changing to Stickers.

Experiment 2

Method
Participants

We tested 150 children with a mean age of 3;10 (range
3;2-4;10). Children were randomly allocated to one of
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five conditions: Stickers, Number words, Number
words—Stickers, Photograph, and Photograph—Stickers,
with 30 children in each group. A univariate ANOVA
showed no difference in the mean ages of children in each
group, F(4, 145) = .194, p = .94, with the mean age of
children in the Stickers condition (3;9) falling within the
range of the means for the other conditions (3;8-3;9).
The distribution of ages and genders for each condition
is detailed in Table 1.

Procedure

The warm-up and test protocols followed the same basic
procedure as in Experiment 1. The only difference from
Experiment 1 was in the Number words—Stickers and
Photograph—Stickers conditions. Here, the first three
test trials were identical to the Number word and
Photograph conditions respectively. At the start of the
fourth test trial, children were told that for the rest of the
game, stickers would be placed in one of the boxes
instead of cards. Six of these trials were completed, and
were identical to the trials in the Stickers condition.

Results and discussion

An initial analysis compared the effects for males and
females. Each child’s number of correct responses (out
of 9) was entered into an ANOVA with condition and
sex as between-child factors. This analysis revealed no
effect of sex, F(1, 140) = 1.14, p = .29, n,,2 = .008, and
no significant interaction between sex and condition,
F(4, 140) =1.97, p = .10, npz = .05 . There was a
significant main effect of condition F(4, 140) = 3.63,
p =.008, n,> = .09. Data were combined for males and
females in all subsequent analyses, and the main effect of
condition was explored fully in a further analysis.

The proportion of children giving a correct response
on each test trial for the five conditions is plotted in
Figure 2 (for clarity, separate graphs are presented,
although the same Stickers condition appears in each
graph). There was a clear trend for performance in the
Symbol conditions to be better than that in the Stickers
condition. In both the Number words-Stickers and
Photograph—Stickers conditions there was a noticeable
dip in performance on the first post-switch trial (trial 4),
but after this performance seemed to recover and more
closely resembled performance in the corresponding
Symbol condition than in the Stickers condition.

Overall analysis of trials 1-3

We began by analysing mean performance for each
condition over the first three test trials. We conducted a
univariate ANOVA with Condition and Age (younger
versus older half of the children in each condition) as
between-subject factors. This analysis showed a main
effect of Condition, F(4, 140) = 4.81, p =.001, n,> =
.12. T-tests showed that performance in all Symbol
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Figure 2  Proportion of children giving a correct response on
each trial in the five conditions of Experiment 2. The dashed
lines from trials 3 to 4 in the Symbol-Stickers conditions
indicate the switch from Symbol to Stickers trials. NB. The
‘Stickers (non-symbolic)” condition corresponds to the same
sample of children in each panel of the figure.

conditions was higher than performance in the Stickers
condition (all ps < .016), but no symbol condition
differed from any other (all ps > .139). To correct for
multiple comparisons against the standard baseline
condition we conducted one-tailed Dunnett post-hoc
tests, which showed that performance on all four symbol

conditions (Number words, Number words—Stickers,
Photograph, and Photograph-Stickers) was better than
performance on the Stickers condition (all ps < .027).
Thus, we twice replicated the finding from Experiment 1
that children perform significantly better when the task is
presented with number words. Moreover, the fact that
children also performed better in two Photograph
conditions suggests that the non-significant effect of
Photographs in Experiment 1 did reflect a genuine trend
for performance to be better than in the standard
condition. The analysis also showed a main effect of
Age, F(1, 140) = 12.2, p = .001, n,” = .08, with older
children responding correctly more often than younger
children. There was no interaction between these factors,
F(4, 140) = .34, p = 92, n,> = .007.

Trial 1 performance

We used one-tailed Fisher’s exact tests to examine
whether the frequency of correct responses in each
Symbol condition on trial 1 was greater than the
frequency of correct responses in the Stickers condition
(these frequencies are recorded in Table 3). All Symbol
conditions showed a larger number of correct responses
than the Stickers condition. This difference was
significant for the Number words (p =.016) and
Number words—Stickers (p = .0019) conditions, but not
for either Photograph condition (both ps > .13). Once a
Bonferroni correction was applied for four multiple
comparisons only the Number words—Stickers
comparison remained significant.

Comparison against chance over trials 1-3

From Table 3 it is apparent that the mean number of
correct responses over the first three trials did not greatly
exceed that expected by chance in some of the Symbol
conditions. As in Experiment 1, we compared the
frequency distribution of 0, 1, 2 or 3 correct responses
over the first three test trials with that expected by chance
for each experimental condition. The frequency
distributions and the results of the chi-squared analyses
are presented in Table 3. The chi-squared analyses show
that the frequency distributions in all five conditions
differ significantly from that expected by chance. As in

Table 3 Frequency of correct responses over the first three trials of each condition of Experiment 2 and comparison of this
distribution against chance. Mean number of correct responses in each condition in Experiment 2

Time 1 (Trials 1-3)

Time 2
(Trials 4-6)

Time 3
(Trials 7-9)

Number of correct Correct responses

Comparison between observed

responses on Trial 1 0 1 2 3 distribution and chance® Mean/3  Mean/3 Mean/3
Expected by chance 15 375 1125 11.25 375 1.5 1.5 1.5
for n =30
Stickers 7 19 7 0 4 %> (1,30) = 42.7 p < .001 0.6 1.2 2.1
Number words 16 7 6 4 13 x> (1,30) = 27.8 p <.001 1.8 2.4 2.7
Number words-Stickers 19 7 4 5 14 x> (1,30) = 32.4 p < .001 1.9 2.0 2.5
Photograph 12 12 4 4 10 x> (1,30) = 37.4 p < .001 1.4 2.0 2.5
Photograph-Stickers 12 11 4 3 12 ¥ (1,30) = 42.7 p < .001 1.5 1.8 2.6
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Experiment 1, the group means for several conditions
may have been relatively close to 50% correct, but
children were not guessing in any condition. Inspection
of the frequency distributions suggests that most children
were either consistently correct or consistently incorrect
over the first three trials, with more children giving
consistently correct responses in Symbol conditions than
in the Stickers condition. In a further analysis we
examined this hypothesis directly.

Consistency or improvement over trials 1-3?

To test whether Symbol conditions were enabling children
to deploy the correct strategy immediately, or enabling
more children to learn rapidly over the first test trials, we
examined the frequency of correct responses over trials
1 to 3. Table 3 shows that there was a trend for more
children to respond consistently correctly on trials 1-3 in
the Symbol conditions than in the Stickers condition.
Across all of the Symbol conditions, 49 children were
consistently correct compared with 71 children who were
not. In the Stickers condition, 4 children were consistently
correct compared with 26 children who were not. A chi-
squared test confirmed that these patterns of performance
differed significantly, x*(1,180) = 7.94, p < .01.

In contrast, the number of children who showed
evidence of learning by beginning with an error on trial
1 but switching to the correct response strategy on trial 2 or
trial 3 was relatively low in each condition: Stickers = 3,
Number words =4, Number words—Stickers = 3,
Photograph = 6, Photograph—Stickers = 7. In the
Stickers condition, 3 children showed this improvement
compared with 27 children who did not. Across all of the
Symbol conditions, 20 children showed this improvement
compared with 100 children who did not. A chi-squared
test analysis confirmed that these patterns did not differ,
v*(1, 150)=.82, p > .99, suggesting that children were no
more likely to improve over the first three trials in the
Symbol conditions than in the Stickers condition. Thus, as
in Experiment 1, the effect of symbols seems to have been
to increase the likelihood that children would perform
correctly and consistently from the very first test trial.

Analysis of trials 4-9

To test whether the effect from symbols would be
sustained when children switched to playing with
stickers, we conducted an ANOVA with children’s mean
performance over trials 4-6 and trials 7-9 as a within-
child factor (Time) and Condition as a between-child
factor. There was a significant main effect of Condition,
F(4, 140) = 3.14, p = .016, n,” = .08. T-tests showed
that performance in all Symbol conditions was higher
than performance in the Stickers condition (all ps < .046)
but no symbol condition differed from any other (all
ps > .16). To correct for multiple comparisons against
the standard baseline condition we conducted one-tailed
Dunnett post-hoc tests, which showed that performance
in the Number words, Number words-Stickers and
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Photograph conditions was significantly better than in
the Stickers condition (all ps < .034), and showed a non-
significant trend for better performance in the
Photograph-Stickers condition (p = .071). The analysis
also revealed main effects of Age, F(1, 140) = 17.9,
p<.001, n = .11, and Time, F(1, 140) = 53.6,
p <.001, np2 = .28, and no significant interaction
between any factors (all ps > .145). Older children
performed better than younger children, and
performance on trials 7-9 was better than performance
on trials 4-6.

On the symbol reading test the overall sample of
children read 2.3/3 (76%) of the numerals ‘1°, ‘2’ and ‘3’
correctly and 0.09/3 (3%) of the number words ‘one’,
‘two’ and ‘three’ correctly.

In sum, the results suggest that using Number word
and Photograph symbols results in children performing
better, with the magnitude of this effect being somewhat
larger for Number words than for Photographs. This
effect resulted from a larger number of children
performing consistently correctly from the very first
test trial in the Symbol conditions. Critically, Experiment
2 also showed that this effect can be transferred to a non-
symbolic condition. For trials 4-9, children in the
Stickers, Photograph—Stickers and Number words—
Stickers conditions were presented with exactly the
same task in which one of the two boxes was baited
with stickers. Nonetheless, children in both the Number
words-Stickers and Photograph-Stickers conditions
continued to show an effect of having played the game
with symbols on earlier trials. This effect was statistically
significant for the Number words—Stickers condition
and showed a substantial though non-significant trend
in the Photograph-Stickers condition. Our tentative
interpretation of the Photograph—Stickers condition is
that this constitutes a genuine transfer effect of the same
kind as for the Number words—Stickers condition, but
that this fails to reach statistical significance because
photograph symbols resulted in a smaller (though still
significant) initial improvement in children’s initial
performance than did word symbols.

General discussion

Consistent with the existing literature on the Windows
task (e.g. Carroll et al., 2007a, 2007b; Hala & Russell,
2001; Russell ez al., 1991, 1994; Simpson et al., 2004) and
on other reverse-contingency tasks (e.g. Carlson et al.,
1998, 2005), Experiments 1 and 2 both showed that 3- to
4-year-old children find it difficult to point to an empty
box to give away in order to keep a baited box for
themselves. Consistent with the existing literature, this
effect was larger in younger children than in older
children, and occurred when the treat was stickers (both
stickers and sweets have been used in previous studies),
and when the child had a puppet as an opponent
(previous studies have found similar effects with puppet

© 2009 The Authors. Journal compilation © 2009 Blackwell Publishing Ltd.



1080 Tan A. Apperly and Daniel J. Carroll

opponents, human opponents and no opponent). The
current experiments showed learning over time in all
conditions, which has been observed in some earlier
studies (e.g. Carroll et al., 2007a, 2007b; 4-year-olds in
Carlson et al., 2005) but not in others (e.g. 3-year-olds in
Carlson et al., 2005; Hala & Russell, 2001; Russell et al.,
1991, 1994). The overall level of performance was similar
to that observed in some earlier studies (e.g. Carroll
et al., 2007a, 2007b) but higher than that observed in
others (e.g. Hala & Russell, 2001; Russell ez al., 1991,
1994). A possible reason for these differences is that
studies in which learning has been observed and in which
children tend to perform better have also tended to have
somewhat older children as participants. However, the
fact that the effect of symbols was observed in both
the older and the younger halves of the samples in the
current studies suggests that our results are not specific
to older 3- to 4-year-olds. Future work might examine
how far the effect of symbols is apparent in even younger
children.

At the outset we noted that the existing literature
provides evidence that symbols can lead to better perfor-
mance among 3- to 4-year-olds on reverse-contingency
tasks (e.g. Carlson et al., 2005; Russell, 1996) but that it
was far from clear how symbols affected the cognitive
processes involved in performing these tasks, or what
properties of symbols were necessary for such effects.

In Experiment 1 we examined three factors in the
relationship between symbols and the objects they
represent that might be relevant for the beneficial
effects of symbols on children’s performance: inherent
desirability, resemblance to the goal object, and children’s
ability to read the symbol. First, we reasoned that
children’s problem on non-symbolic reverse-contingency
tasks might be with resisting distraction from the
intrinsically desirable and attention-grabbing reward
(e.g. stickers). If this were correct then symbols might
assist children to the extent that they are less intrinsically
desirable and attention-grabbing than the reward that
they symbolized. Contrary to this suggestion, the symbol
that we expected to be most intrinsically desirable —
Sweets — was as effective as any other symbol at
improving children’s performance. (Many studies
showing poor performance on the Windows task in
preschool children have used sweets as the non-symbolic
treat to be won, and the poor performance in these
studies suggests that sweets are indeed desirable and
attention-grabbing when they are children’s goal, rather
than a symbolic stand-in for stickers.)

Second, we reasoned that symbols might improve
children’s performance because they did not typically
resemble the child’s goal (of obtaining stickers).
Contrary to this suggestion, Photograph symbols were
effective in enhancing children’s performance (this effect
was marginal in Experiment 1 but significant in
Experiment 2), despite the fact that photographs were a
clear reminder of the child’s goal of obtaining stickers. It
seems reasonable to assume that children understood
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that the photograph symbolized the stickers, because
much younger children can be shown to understand the
symbolic nature of photographs (e.g. DeLoache, 1991;
DeLoache, Pierroutsakos & Uttal, 2003).

Third, although children in all conditions were told the
numerical meaning of the symbol, we reasoned that
children’s ability to read the symbol for themselves
might affect whether their performance was improved.
On the symbol reading test very few children could read
number words, while many could read the corresponding
numerals. However, this difference appeared to have little
effect, as both types of symbol led to better performance.

Our finding that children’s performance on reverse-
contingency tasks is improved by several types of symbol
is consistent with data from Carlson et al. (2005), who
also found a trend for improved performance whether
sweets were symbolized with rocks (least effective), dot
patterns (somewhat more effective) or pictures of an
elephant and a mouse (the only condition for which the
effect was statistically significant). In addition, our data
suggest that a symbol’s intrinsic desirability, the degree
to which a symbol might resemble the object it
symbolizes, and children’s ability to read the symbol
are not critical influences on the effect that symbols have
on children in reverse-contingency tasks.

In Experiment 2 we asked whether the effects of
symbols would transfer to a non-symbolic version of the
task. We found clear evidence that children do transfer
the effect of a symbolic condition when they switch to a
non-symbolic condition, with a statistically significant
effect for Number word symbols and a similar trend for
Photograph symbols. Together with the findings from
Experiment 1, this suggests that symbols are not enabling
children to execute a correct response strategy that is
beyond their abilities in non-symbolic versions of the
task. Rather, the findings suggest that the effect of
symbols is to help children from the very first test trial to

formulate the correct response strategy, and that, once

formulated, this strategy is sufficient to sustain good
performance in a non-symbolic condition. In the current
studies the non-symbolic condition followed immediately
after the symbolic condition, and it would be interesting
for future work to determine the duration of this effect of
symbols.

Why do children have difficulty formulating a
response strategy and how do symbols help?

Theories of executive function in adults typically
distinguish between processes involved in the online
performance of each trial of a given task (such as the
need to hold task rules and other information in mind
and to inhibit incorrect responses), and processes
involved in deciding, monitoring and updating what is
attempted on each trial (such as formulating what to do
on the basis of the task rules, and adjusting this as
necessary on the basis of performance) (e.g. Shallice &
Burgess, 1996). The current findings suggest that



children’s difficulty is with the latter process of
formulating a response strategy, but there are different
ways in which this difficulty can be characterized.
Carlson and Zelazo (2008) suggest that success on
reverse-contingency tasks requires children to hold in
mind a relatively complex higher-order symbolic rule, and
that symbol conditions may help children with
formulating the rule. The rule suggested by Carlson and
Zelazo (2008) relates children’s desire for the reward to the
reverse-contingency rule of the game: ‘...... [successful]
children are able to say to themselves “Yes I want the
[reward], but in this game, if I want the [reward], then I
have to point to the [empty box]”’ (p.9). On this account,
children who would normally be unable to hold in mind
such higher-order rules are helped by the presence of
symbols with the problem of ‘representing and reflecting
upon the situation from more than one angle’ (p.8).
Although the authors do not use this account to explain
how good performance in a symbol condition might be
sustained in later, non-symbolic trials of the task, it is
conceivable that once symbols have done their work of
enabling children to reflect upon the situation from more
than one angle then it will be possible for children to hold
the high-order rule in mind for later trials in which
symbols are not used. What is less clear is whether this
explanation could also explain the effects of other
manipulations (of the wording of the test question, the
mode of responding, or the objects in the boxes) that also
result in better performance on reverse-contingency tasks.
In contrast, Carroll ef al (2007a, b) suggest that
success on reverse-contingency tasks may be achieved
with much simpler reasoning. Their explanation takes
inspiration from the fact that simply telling children to
point to the empty box’ leads most 3-year-olds to
perform at ceiling on a reverse-contingency task
(Simpson et al., 2004). This clearly shows that 3-year-
olds are not irretrievably bound to point to rewards,
provided they are equipped with a suitable rule to guide
their behaviour. Carroll et al. suggest that, on standard
forms of reverse-contingency tasks, 3-year-olds fail to
derive such a rule because their decision-making is
dominated by their desire to obtain the reward.
Therefore 3-year-olds are led to point repeatedly and
incorrectly at the baited box, even in the face of negative
feedback from repeated losses. Like Carlson and Zelazo
(2008), Carroll et al. (2007a, b) suppose that children’s
difficulty is with ‘thinking outside the box’ of the most
obvious decision to point to the desirable reward.
However, Carroll et al’s evidence that several,
apparently diverse, manipulations yield sustained
improvement in children’s performance on reverse-

? Studies of non-human primates typically require the animal
to choose between a larger and a smaller quantity, whereas
almost all studies of children have required children to choose
between a baited box and an empty box (Carlson et al. 2005 is
the only exception). The relevance of this difference is unclear,
and should be investigated.
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contingency tasks (i.e. performance that generalizes to
a ‘standard’ form of the task) leads them to suggest that
successful children need not be doing anything as
complicated as representing higher-order rules about
the task (cf. Carlson & Zelazo, 2008).

One way in which children can be helped to perform
better on reverse-contingency tasks is by directing the
child to think in terms of which box to give away, either
by manipulating the wording used to prompt the child to
respond (e.g. ‘point to a box for me [the opponent] to
open so that I don’t get the sticker’; Carroll ez al., 2007a)
or by adding a salient but non-desirable object to the
empty box (Carroll et al, 2007b). Another way is by
interrupting the child’s tendency to point impulsively at
the desirable sticker by having them point with an arrow,
rather than with their finger (e.g. Carlson et al, 1998;
Carroll et al., under submission; Hala & Russell, 2001).
The idea in this case is that preventing the child from
pointing impulsively on the basis of their desire affords
them the possibility of formulating an alternative
response strategy. We suggest that the current findings
with symbols might fit with this latter explanation. That
is to say, presenting the reverse-contingency task with
symbolic stand-ins for the rewards to be won helps
children avoid pointing impulsively on the basis of their
desire, affording them the possibility of formulating an
alternative response strategy such as ‘point to the empty
box’. Formulating such a response strategy may not
require  very  sophisticated reasoning  abilities.
Nonetheless, it can explain how it is possible for some
children to respond consistently and correctly from the
very first test trial. Moreover, if symbolic conditions are
helping children to formulate a general response strategy,
then it is also clear why children continue to perform well
even when they switch to a non-symbolic condition.
Importantly though, this analysis would also suggest that
symbols are not helping children to a unique new way of
solving reverse-contingency tasks, but are just one
among a variety of ways in which they can be helped
to infer a relatively simple alternative response strategy.

In sum, the current paper is the first study to examine
whether the effect of symbols on children’s reverse-
contingency task performance transfers to a non-
symbolic condition (see also Beck & Carlson, 2007, for
recent findings consistent with our own). Children do
transfer the effect of symbols to subsequent non-
symbolic trials whereas chimpanzees do not (e.g.
Boysen & Berntson, 1995), indicating that the effect of
symbols on children may be qualitatively different from
the effect of symbols on chimpanzees. Our suggestion is
that symbols enable children to overcome their tendency
to point impulsively on the basis of their desire, and that
this enables them to think flexibly in order to formulate a
response strategy that allows them to respond
successfully. The medium of such response strategies is
currently unclear. An interesting possibility is that
children formulate their strategies in ‘inner speech’,
which may be involved in the solution of other

© 2009 The Authors. Journal compilation © 2009 Blackwell Publishing Ltd.
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executive problems such as the Tower of London (e.g.
Fernyhough & Fradley, 2005; for a related view see
Carlson & Zelazo, 2008). Whether or not this turns out
to be the case, the current findings offer an insight into
how children gain increasingly flexible control over their
behaviour not only by increasing their capacities for
memory and inhibitory control (see Carlson, Moses &
Hix, 1998) or thinking with progressively more complex
structures (e.g. Carlson & Zelazo, 2008; Zelazo et al.,
2003) but also by formulating efficient strategies for
responding, given the rules of the game or constraints of
a given situation.
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