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a b s t r a c t
We examined 240 children’s (3.5-, 4.5-, and 5.5-year-olds) latency to respond to questions
on a battery of false-belief tasks. Response latencies exhibited a signiﬁcant cross-over
interaction as a function of age and response type (correct vs. incorrect). 3.5-year-olds’
incorrect latencies were faster than their correct latencies, whereas the opposite pattern
emerged for 4.5- and 5.5-year-olds. Although these results are most consistent with conceptual change theories of false-belief reasoning, no extant theory fully accounts for our
data pattern. We argue that response latency data provide new information about underlying cognitive processes in theory of mind reasoning, and can shed light on concept acquisition more broadly.
Ó 2010 Elsevier B.V. All rights reserved.

1. Introduction
False-belief understanding is typically measured using
standard tasks such as the Change in Location (e.g., Wimmer & Perner, 1983) or Unexpected Contents (e.g., Gopnik
& Astington, 1988). While 3-year-olds often have difﬁculty
with these tasks, most 4- and 5-year-olds do not (Wellman,
Cross, & Watson, 2001). For example, when 3-year-olds see
that a crayon box contains candles, not crayons, they will
state that they originally believed it contained candles, failing to acknowledge their false belief. Verbal responses are
informative, but combining them with other measures
would enhance our understanding of underlying cognitive
processes. One candidate measure – response latency – has
a long (Donders, 1969) and rich history in psychological
science (Van Zandt, 2000), yet has received little attention
in theory of mind research.
At ﬁrst blush, one might predict that response latencies
on false-belief tasks will decrease linearly with age, due to
more efﬁcient information-processing capacities. Yet, gi* Corresponding author.
E-mail address: atance@uottawa.ca (C.M. Atance).
0010-0277/$ - see front matter Ó 2010 Elsevier B.V. All rights reserved.
doi:10.1016/j.cognition.2010.05.008

ven existing theories about why younger children fail
false-belief tasks, one might predict otherwise. We consider predictions from two prominent categories of theories: the conceptual change (e.g., Gopnik & Wellman,
1994; Perner, 1991) and processing accounts (e.g., Fodor,
1992; Leslie & Thaiss, 1992; Roth & Leslie, 1998). According
to conceptual change theories, 3-year-olds fail false-belief
tasks because they lack an understanding that the mind
can misrepresent reality. Children are argued to acquire
this understanding around age 4, accounting for their increase in performance on false-belief tasks. In contrast,
processing theories situate 3-year-olds’ failure on false-belief tasks in their limited processing capacities, not in their
lack of an understanding of misrepresentation. With age,
processing capacity increases, accounting for older children’s higher success rate on false-belief tasks. Both categories of theories lead to unique patterns of predictions
about response latencies.
According to conceptual change theories (see Fig. 1a),
3-year-olds appeal to their true belief about the world
when responding to a false-belief task, because they do
not yet understand that beliefs (theirs or another’s) can
misrepresent the world and thus what a person believes
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Fig. 1. Correct and incorrect response latencies predicted by conceptual change theories (Panel a), Leslie and colleagues’ processing theory (Panel b), and
Kikuno et al.’s (2007) processing theory (Panel c). The ages ‘‘3.5”, ‘‘4.5”, and ‘‘5.5” reﬂect the mean ages typically used in the literature, and map onto the
mean ages in our study.

about the world can conﬂict with reality (i.e., be ‘‘false”)
(e.g., Wellman, 1990). Accordingly, at age 3, incorrect
responses should be produced quickly – and, importantly,
more quickly than correct responses. This is because incorrect responses comport with how 3-year-olds understand
the situation – what is in the other’s mind must correspond
to what is in the world. Conversely, at ages 4 and 5, correct
responses should take less time to produce than incorrect
responses. This is because children now understand mental
misrepresentation, and correct responses only require
their responding according to this framework. In contrast,
incorrect responses would arise if children were unsure
and were still actively weighing both the concept they
have recently acquired (i.e., ‘‘false belief”) and the reality
of the situation.
Like conceptual change, most processing accounts
would predict that incorrect response latencies be faster
than correct response latencies at age 3. For example, Leslie, Friedman, and German (2004) argue that an earlydeveloping theory of mind mechanism identiﬁes both
‘‘true” and ‘‘false” belief contents concurrently. To answer
a false-belief question correctly, a ‘‘selection processor”
inhibits the true belief. This extra processing step should
result in longer latencies for correct responses (Carlson &
Moses’, 2001, executive function account would predict
similarly) (see Fig. 1b). This theory appears to make the unique prediction that incorrect response latencies at all ages
should be faster than correct response latencies, because
the former are due to inhibition failures. In contrast, Kikuno, Mitchell, and Ziegler (2007) hold a different processing
account. Their account predicts no differences in latencies
at all ages as a function of correctness (see Fig. 1c), because
the reasoning processes underlying correct and incorrect
responses are argued to be identical, save for the fact that
incorrect responses result from a ‘‘reality” bias. Note, however, that by both processing accounts, response latencies
should become faster with age due to more efﬁcient processing capacities.
Kikuno et al. (2007) tested their account using response
latencies with 3- and 4-year-olds.1 They administered one
1
This study was published after we had collected our data. We have,
however, accommodated our predictions to include Kikuno et al.’s processing account.

standard false-belief task and several modiﬁed versions in
Experiment 1, and only modiﬁed versions in Experiments
2 and 3. No differences in response latency were detected
as a function of whether children were correct/incorrect on
the tasks, and the authors interpreted this null pattern as
support for their processing account.
Although Kikuno et al.’s (2007) study provides a good
starting point to examine false-belief response latencies,
there are several important limitations. First, children only
received one standard false-belief task in Experiment 1,
yielding one data point for the response latency analyses.
This could have contributed to the null effect. Because children’s response latencies can be highly variable (Eckert &
Eichorn, 1977), multiple data points are preferable. Second,
most of the children in their study were 3-year-olds, or
young 4-year-olds – an age range that does not capture
the progression from systematically failing to passing
false-belief tasks. Therefore, their results do not provide a
full developmental account of children’s false-belief reasoning, nor do they allow us to evaluate the merit of the
different theories and predictions that we outlined – our
main goal here. Accordingly, the advances we made in this
study beyond the previous literature were to assess latencies calculated separately for correct and incorrect responses in 3.5-, 4.5-, and 5.5-year-olds on a battery of
four standard theory-of-mind tasks.

2. Method
2.1. Participants
A total of 240 children participated: 85 3.5-year-olds
(M = 41.75 months, SD = 1.72, Range = 37–47 months; 43
female); 51 4.5-year-olds (M = 54.35 months, SD = 0.60,
Range = 53–56 months; 25 female); and 104 5.5-year-olds
(M = 66.60 months, SD = 1.89, Range = 61–72 months; 47
female). Children completed these tasks as part of three
theory-of-mind studies (Bernstein, Atance, Meltzoff, &
Loftus, 2007; Sommerville, Bernstein, & Meltzoff, submitted
for publication) and so the sample did not include equal
numbers of children in each age group. Children came from
a large city and were from predominantly middle– and
upper–middle-class families.
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2.2. Materials and procedure

2.3. Scoring

We administered the Unexpected Contents (e.g., Gopnik
& Astington, 1988), Change in Location (e.g., Wimmer &
Perner, 1983), Occluded Pictures (e.g., Chandler & Helm,
1984), and Appearance–Reality (Flavell, Flavell, & Green,
1983) tasks. These were selected because they test children’s understanding that the mind represents reality,
rather than being a direct reﬂection of it, and thus all share
an important conceptual core (see Wellman et al., 2001).
These tasks were embedded within other tasks not discussed here. For all but the Change in Location task, participants answered two test questions, one about their own
false belief/representation and the other about a naïve,
same-age peer (a doll) named Ellie. This resulted in a total
of seven test questions. Children in the different studies received the tasks and the questions about self and other in
either a ﬁxed or counterbalanced order. There were no signiﬁcant differences in task performance or response latencies as a function of order of task/question administration
or study; thus we collapsed the data across these two
factors.
In the Unexpected Contents task, children were shown a
crayon box, asked what they thought was inside and then
shown that it contained candles. Children then answered
Self (‘‘When you ﬁrst saw this box, before we opened it,
what did you think was inside?”), Other (‘‘What does Ellie
think is inside?”), and control (‘‘What is really inside the
box?”) questions.
In the Change in Location task, children saw a character
place a ball in a box and then leave. Another character then
moved the ball to a cupboard. When the original character
returned, children answered experimental (‘‘Now when
Billy comes back inside to play, where will he look for
the ball?”) and control (‘‘Where is the ball really?”)2
questions.
In the Occluded Pictures task, children were shown
what appeared to be animal ears behind a series of three
different windows. Whereas animals were revealed
behind the ﬁrst two windows, for the third window, what
looked like bunny ears was really a sunﬂower. Children
answered Self (‘‘When I ﬁrst showed you this window,
all closed up like this, what did you think was underneath?”), Other (”What does Ellie think is under the
window?”), and control (‘‘What is really under the
window?”) questions.
In the Appearance–Reality task, children were shown
what looked like a rock. After discovering that it was really
a sponge, children answered Self (‘‘When you look at this
with your eyes right now, what does it look like?”), Other
(”What does it look like to Ellie?”), and control (‘‘What is
it really and truly?”) questions.
For all tasks, children received credit for passing the test
questions if they answered the accompanying control
question(s) correctly. If control questions were answered
incorrectly, the corresponding test question was treated
as missing data.

Sessions were video-recorded and response latencies
were timed from the videotapes using computer software
with accuracy to the hundredth of a second. Children’s
latencies to respond to the test questions – either verbally
or by pointing (in the Change in Location task only) – were
timed by a primary coder who scored the videotapes. For a
given question (trial), the coder pressed a computer key to
initiate timing immediately after the experimenter ﬁnished the last word of the test question, and released the
key at the onset of the child’s response. The computer recorded the duration of the key press for a given trial and
these data were stored in a ﬁle for subsequent analysis.
We excluded latencies if participants answered the control
question(s) incorrectly, the experimenter had to repeat the
test question, or if latencies were greater than 10 s, which
occurred on 7/1300 trials (these values were >3 SD from
the mean response latencies; inclusion of these data points
did not change the overall data pattern). Scoring agreement for latencies was assessed by having a secondary coder time 20% of the data. The two coders had high interrater reliability (single measure intraclass correlation = 0.90; 95% CI = 0.89–0.92). We also calculated the
mean difference between these two coders by computing
the difference between the coders for every trial they
scored (Median disagreement = 0.10 s; M = 0.25 s).

2
Seventy-four participants received a second control question, ‘‘Where
did Billy put the ball?”.

3. Results
Test questions cohered well (Cronbach’s alpha = 0.78),
thus we created a single score by summing individual
scores across the questions (Range = 0–7). We divided this
score by the number of questions for which children
passed the required controls, resulting in a proportion
score. A one-way analysis of variance (ANOVA) showed
that correct responses on the test questions increased
signiﬁcantly with age, F(2, 237) = 83.31, p < 0.001, partial
g2 = 0.41. Student–Newman–Keuls post hoc comparisons
indicated that 5.5-year-olds (M = 0.78, SD = 0.22) outperformed
4.5-year-olds (M = 0.61, SD = 0.29), who outperformed
3.5-year-olds (M = 0.31, SD = 0.27).
Our main interest was differences between correct and
incorrect response latencies and the extent to which these
conformed to existing theories. Due to the large range in
response latencies and the fact that medians are less affected by outliers than are means, we calculated for each
participant his/her median latency (collapsed across self
and other) for both correct and incorrect responses. We
then entered these median response latencies into a repeated-measures ANOVA with age (3.5, 4.5, 5.5) as a between-subjects factor and response type (correct,
incorrect) as a within-subjects factor3 (note that the
ANOVA statistic produces means based on the medians,
which are hereafter reported). Results showed that latencies
signiﬁcantly varied by response type, F(1, 159) = 5.34,
3
Participants who answered all seven test questions correctly or
incorrectly were omitted from this analysis. This participant exclusion
did not affect the overall data pattern. Also, the data pattern remains
whether we use median or mean response latency.
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Fig. 2. The effects of age (3.5, 4.5, 5.5) and response type (correct,
incorrect) on children’s response latencies (in seconds) derived from a
repeated-measures ANOVA. Error bars = standard errors.

p = 0.02, partial g2 = 0.03, but not age p = 0.43. The major
effect of interest for theory is that there was a highly significant age  response type cross-over interaction for the
latencies, F(2, 159) = 11.33, p < 0.001, partial g2 = 0.12 (see
Fig. 2). Paired-samples t-tests revealed that 3.5-year-olds
responded signiﬁcantly more quickly when incorrect
(M = 1.59 s) than when correct (M = 2.12), t(57) = 2.61,
p = 0.01. The pattern reversed for 4.5-year-olds (incorrect,
M = 2.00 s, correct, M = 1.22 s), t(37) = 3.34, p < 0.002, and
5.5-year-olds (incorrect, M = 2.00 s, correct, M = 1.38 s),
t(65) = 3.10, p = 0.003.4
We also ran two between-subjects ANOVAs to better
understand the nature of the interaction that we obtained
(note that these analyses yield different means from those
reported in the repeated-measures ANOVA because they
are based on slightly different subjects). Correct response
latencies decreased signiﬁcantly with age (M = 2.11,
M = 1.31, and M = 1.28 for 3.5-, 4.5-, and 5.5-year-olds,
respectively), F(2, 212) = 14.17, p < 0.01, whereas incorrect
response latencies did not (M = 1.66, M = 1.98, and
M = 1.97 for 3.5-, 4.5-, and 5.5-year-olds, respectively),
F(2, 186) = 1.39, p > 0.25. Follow-up t-tests, using Bonferroni correction for multiple comparisons, revealed two signiﬁcant differences: 3.5-year olds were signiﬁcantly slower
than 4.5- and 5.5-year olds when correct (p < 0.001 for
both tests).
4. Discussion
Our data show a striking cross-over effect: 3.5-yearolds were faster to respond incorrectly than correctly; the
opposite pattern emerged for 4.5- and 5.5-year-olds. The
fact that response latencies were shorter for incorrect than
correct responses in 3.5-year-olds is consistent with both
conceptual change and processing accounts (with the
4
Although there were differences in response latencies across some of
the individual test questions, the fundamental pattern (i.e., 3.5-year-olds
answering more quickly when incorrect than correct, and 4.5- and 5.5-yearolds showing the reverse) emerged across tasks. Speciﬁcally, for 17/21
possible comparisons, this pattern held.

exception of Kikuno et al.’s, 2007) because both argue that
the cognitive processes that are engaged when a 3-yearold passes a false-belief task are different (and more
time-consuming) from those when the child fails. However, the fact that older children’s correct latencies were
faster than their incorrect latencies is inconsistent with
processing theories. Leslie and colleagues’ processing theory (see Fig. 1b) would predict slower latencies for correct
responses than incorrect responses across the 3–5 year age
range, because correct responses require an extra inhibitory step. Kikuno et al.’s theory (see Fig. 1c) predicts no difference between correct and incorrect latencies across this
age range.
By a conceptual change account, however, older children’s correct latencies should be faster than their incorrect latencies. This is because correct responses reﬂect
the ﬂuidity with which the older child’s mind reasons
about false belief – perhaps without the reality-based option being considered prior to responding to a false-belief
task (though see Apperly, Back, Samson, & France, 2008;
and Cohen & German, 2010, for evidence for and against
the idea that false belief reasoning in adults entails processing information about both belief and reality). In contrast, the longer latencies for incorrect responses suggest
that some older children may be experiencing conﬂict between the correct false-belief-based response and the
incorrect true-belief/reality-based option – with the latter
ultimately winning out.
It is also important to consider the pattern of correct/
incorrect latencies separately across development. Correct
latencies decreased signiﬁcantly between ages 3.5 and 4.5,
with no measurable difference between ages 4.5 and 5.5.
This ﬁnding is inconsistent with processing accounts that
posit that children’s processing capacity gradually increases with age. Rather, it is consistent with the conceptual change account that argues that, after approximately
age 4, children become adept at reasoning about the representational mind. Interestingly, this latency ﬁnding does
not directly mirror the signiﬁcant task improvement either
between ages 3.5 and 4.5 and 4.5 and 5.5. One possible
interpretation is that both 4.5- (61% correct) and 5.5year-olds (78% correct) have undergone a conceptual shift,
indexed by their above-chance performance and, despite
accuracy differences, are reasoning about false belief problems in a similar way – and, more importantly, very differently from the 3.5-year-olds (31% correct, below-chance
performance).
Incorrect latencies did not signiﬁcantly change with
age, a ﬁnding that is inconsistent with both the conceptual change and processing accounts and also the task
performance data. Nonetheless, we hypothesize that this
stability in latencies may mask different underlying
cognitive processes. Whereas 3.5-year-olds’ incorrect
latencies may reﬂect consideration of only the realitybased response, we argue that those of the 4.5- and
5.5-year-olds may reﬂect the consideration of both the
reality-based and belief-based options – an interpretation supported by the cross-over interaction that we
obtained.
The latency data pertain to debates about conceptual
development more generally, which is often described as
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a progression from a state of stability to instability, and
back to stability (e.g., Carey, 1985; Gopnik & Meltzoff,
1997; Karmiloff-Smith, 1992; Piaget, 1954). Future work
might proﬁtably include microgenetic longitudinal studies
(e.g., Amsterlaw & Wellman, 2006; Siegler & Crowley,
1992) that trace children’s response latencies on theoryof-mind tasks from ages 3 to 5 at frequent intervals (e.g.,
bimonthly). Response latencies may also prove useful in
testing computational models of false-belief understanding (Goodman et al., 2006), which have called for ﬁnergrained quantitative measures of children’s understanding.
Response latencies are not a magic bullet but provide a
much-needed tool that, used in combination with other
measures (e.g., children’s explanations, neuroscience measures, etc.), will help us chart the processes that underlie
the child’s developing understanding of mind.
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