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The unexpected contents task is a ubiquitous measure of false belief. Not only has this
measure been used to study children’s developing knowledge of belief, it has impacted the
study of atypical development, education, and many other facets of cognitive development.
Based on a review of articles using this task, we show that there is no consensus regarding
how to score this measure. Further, examining both a logit analysis of performance on this
measure and performance of a large sample of preschoolers, we show that which coding
scheme researchers used to analyze raw data from this measure has a reliable effect on
results, particularly when smaller sample sizes are used. Integrating our results, we con-
clude that the most frequently used coding scheme is flawed. We recommend best practices
for scoring the unexpected contents task, and that researchers examine how they analyze
data from this measure to ensure the robustness of their effects.
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1. Introduction

For over 25 years, researchers have been interested in children’s developing theory of mind - their developing knowledge
of others’ mental states (e.g., Flavell, 1999). While these investigations emphasize the nuanced and staggered developmental
trajectory of children’s mental state knowledge, one aspect of theory of mind development - children’s understanding of
another’s false beliefs - has dominated both the theoretical and empirical landscape (see e.g., Apperly & Butterfill, 2009
Perner, 1991; Wellman, Cross, & Watson, 2001).

Measures of false belief typically fall into one of two categories, unexpected transfer and unexpected contents. In the
unexpected transfer task (Wimmer & Perner, 1983), children are introduced to an agent, who is shown to have a belief about
the location of an object, because s/he has perceptual access to that location. The object’s location is then changed, and
critically, the agent does not have perceptual access to or communication about the new location. Children are then asked
about the (false) belief the agent has about the location of the object.

The unexpected contents task is similar in that children reason about another’s false belief, but also are often probed
about their own belief state. Children are introduced to a familiar container, which is revealed to be deceptive. For instance,
in Perner, Leekham, and Wimmer (1987), children are introduced to a Smarties box (a type of candy), which is revealed to
contain either a pencil or a pencil and Smarties while their friend is outside of the room. In their procedure, children are
asked three questions after the contents of the box are placed back inside: A question regarding their memory: “Can you
remember what'’s inside here?” (control question), a question asking about their knowledge of their own mental states (self
question): “But what did you think was in here?”, and a question asking about their knowledge of another’s beliefs about
the contents of the box (other question), “What will <name of friend> think is in here?” The results of studies using these
procedures are highly consistent. In a metaanalysis of over 50 studies, Wellman et al. (2001) showed that children’s ability to
answer the test questions develops between the ages of 36 and 60 months in a manner that reflects their own understanding
of representational change and that another can hold a false belief.

We have observed, however, that papers reporting this measure score the unexpected contents task differently. For
example, Perner et al. (1987) reports the results of the test questions, but excludes the data generated by children who failed
the control measure. They write that three of their participants “failed to remember there was a pencil. . .in the box (control
question). Their responses to the test questions were therefore meaningless.” (p. 133). Dissimilarly, Astington and Jenkins
((1999) see also Wellman and Liu (2004)) used a coding scheme in which “passing” the measure requires a correct response
to the control question - that is, if children fail the control measure, they are counted as failing the task, regardless of their
response to the test question(s). Many other papers either do not ask this memory question or do not consider the answer
to this question when scoring the measure.

Here, we examine the role of coding scheme in research on children’s developing false belief. We first examine how the
unexpected contents task is scored. We review a subset of the literature that uses this measure, describing the different
ways it has been scored. Next, we consider whether differences in the way this task is scored affects results and potential
interpretations of findings. We conduct a logit analysis using methods similar to Wellman et al. (2001) to demonstrate that
the choice of coding scheme overall influences analyses of performance. We then discuss a published article, which presented
their results in sufficient detail such that we can calculate whether the statistical significance of their results depend on the
choice of coding scheme. We find that the results in this paper might depend on the choice of coding scheme. We then analyze
an in-house data set of ~1200 preschoolers who have been given this measure, using a bootstrap analysis to consider the
potential effect of coding scheme on effect sizes. All of our analyses support the same conclusions: (1) There is no agreement
regarding how this measure is scored; (2) the choice of coding scheme affects analyses, and (3) many researchers use what
we believe is the least optimal coding scheme. Finally, to conclude the paper, we offer a set of best practices based on the
results of our analyses.

2. Literature review

The goal of the literature review is to examine whether there is agreement in how researchers have scored the unexpected
contents measure over the last 25+ years. We conducted a literature review on papers that report children’s performance
on an unexpected contents task and coded the manner in which data collected from children were scored.

To determine papers to analyze, we first examined the well-known metaanalysis on children’s false belief knowledge
(Wellman et al., 2001), and included every paper that reported data from the unexpected contents task. We then performed
a Google Scholar search for the terms “unexpected content task” to find papers published between 2001 and 2013. Overall,
we found 88 papers that reported at least one experiment using the unexpected contents task or a variant of the measure
(123 separate experiments on 9365 participants). Table 1 reports these papers.

For each experiment, the first author and a research assistant (who was blind to the goals of this review) read the methods
and scoring sections of the experiment to determine whether a control question regarding the child’s memory of the contents
of the box was asked. If so, the coders examined whether and how the control question was included in the scoring of the
task. Experiments were categorized into eight distinct scoring methods:
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Table 1
List of Papers used in the Literature Review.

11

Authors

Date of Publication

Appleton and Reddy

Astington and Jenkins

Atance and O’Neill

Atance, Bernstein, and Meltzoff
Baron-Cohen

Bartsch and Wellman

Benson, Sabbagh, Carlson, and Zelazo
Bernstein, Atance, Meltzoff, and Loftus
Bialystok and Senman

Blair and Razza

Blair, Granger, and Razza

Carlson and Moses

Carlson, Mandell, and Williams
Carlson, Moses, and Claxton

Cassidy, Fineberg, Brown, and Perkins
Cassidy, Werner, Rourke, and Zubernis
Cheung, Hsuan, Creed, Ng, Wang, and Lo
Courtin

Dalke

De Villiers and Pyers

Farrar and Maag

Fisher, Happe, and Dunn

Flynn

Flynn, O'Malley, and Wood

Freeman and Lacohée

Frye, Zelazo, and Palfai

Geren, Sneckder, and Shafto

Gopnik and Astington

Guajardo and Turley-Ames

Guajardo and Watson

Hala, Hug, and Henderson

Hale and Tager-Flusberg

Hale and Tager-Flusberg

Hogrefe, Wimmer, and Perner

Hughes

Hughes and Cutting

Hughes, Jaffee, Happe, Taylor, Caspi, and Moffitt
Jackson

Jenkins and Astington

Kalish, Weissman, and Bernstein
Kelley, Paul, Fein, and Naigles
Krachun, Carpenter, Call, and Tomasello
Lackner, Bowman, and Sabbagh
Lackner, Sabbagh, Hallinan, Liu, and Holden
Lalonde and Chandler

Leslie and Thaiss

Lewis and Osborne

Lind and Bowler

Lohmann and Tomasello

Low, Goddard, and Melser

Lundy

Major, Franco, and Zotovic

Mathews, Dissanayake, and Pratt
Mitchell and Lacohée

Moore, Pure, and Furrow

Moses and Flavell

Miiller, Miller, Michalczyk, and Karapinka
Miiller, Zelazo, and Imrisek

Naito, Komatsu, and Fuke

Pellicano

Pellicano, Mayberry, and Durkin
Perner, Frith, Leslie, and Leekam
Perner, Leekam, and Wimmer
Peterson

Peterson and Siegal

Peterson, Wellman, & Liu

Repacholi and Trapolini

Robinson, Riggs, and Samuel

Ruffman, Olson, Ash, and Keenan
Ruffman, Slade, Rowlandson, Rumsey, and Garnham
Sabbagh, Bowman, Evraire, and Ito
Saltmarsh, Mitchell, and Robinson
Slade and Ruffman

1996
1999
2004
2010
1991
1989
2013
2007
2004
2007
2005
2001
2004
2004
2005
2003
2004
2000
1995
2002
2002
2005
2006
2004
1995
1995
Unpublished (Written 2009)
1988
2004
2002
2003
2003
2005
1986
1998
1999
2005
2001
1996
2000
2006
2009
2010
2012
1995
1992
1990
2009
2003
2009
2002
2010
2003
1991
1990
1990
2007
2005
1994
2010
2005
1989
1987
2000
1999
2005
2004
1996
1993
2003
2009
1995
2005
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Table 1 (Continued)

Authors Date of Publication
Slaughter and Gopnik 1996
Slaughter, Dennis, and Pritchard 2002
Smith, Apperly, and White 2003
Symons, Peterson, Slaughter, Roche, and Doyle 2005
Tardif, Wellman, and Cheung 2004
Taylor and Carlson 1997
Taylor, Lussier, and Maring 2003
Tine and Lucariello 2012
Vinden 1996
Walker 2005
Watson, Nixon, Wilson, and Capage 1999
Watson, Painter, and Bornstein 2001
Williams and Happé 2009
Wimmer and Hartl 1991
Zelazo, Jacques, Burack, and Frye 2002

Notes. All references provided in the reference list.

Table 2
Distribution of Coding Schemes across the 92 Experiments.
Coding scheme Description Number of Experiments in Sample Overall Percentage
(1) Children asked a control question about the actual contents of the box. 12 13.04
Children who answer incorrectly are not included in analyses.
(2) Children are asked a control question about the actual content of the box. 24 26.09
Children who answer incorrectly are counted as not passing the measure.
(3) Children are asked a control question about the actual content of the box. 3 3.26

Results of the control question are not factored into the scoring. Percentage of

children who fail the control question is reported.

(4) Children are asked a control question about the actual content of the box. 7 7.60
Results of the control question are not factored into the scoring. Percentage of

children who fail the control question is not reported.

(5) No control question is asked. 38 41.30
(6) Children are asked a control question about the actual content of the box. 6 6.52
Authors report that all children pass the control question.

(7) Results of control question are equated with results of test questions 1 1.09
(8) No coding scheme is provided 1 1.09

1) Participants who failed the control question were excluded from the analysis.

2) Participants who failed the control question were counted as failing the measure (or received a score of zero).

3) The control question was not factored into the score children received, but the number of children who failed the control
was reported.

4) The control question was not factored into the score children received, and the number of children who failed the control
was not reported.

5) No control question was asked.

6) Authors reported that all children passed the control.

7) The control question counts as a “correct” answer, equivalently to the test questions.

8) No coding scheme is reported.

Agreement on how the measure was scored was 90% with disagreements resolved through discussion between the
two coders with one exception: For one experiment, the two coders could not come to agreement regarding a resolution. To
resolve this, we contacted the corresponding author of the paper to ask questions that would allow us to code it appropriately.

If a paper reported multiple experiments, we examined whether different coding schemes were used across the exper-
iments. If all the experiments had the same coding scheme, the paper was counted once (to ensure that a paper with four
experiments was not weighed four times as much as a paper with only one experiment). If experiments had different coding
schemes within the same paper, we counted each of those experiments. Four papers met this latter criterion, thus there
were 92 experiments in the analysis.

2.1. Results

Table 2 shows the distribution of coding schemes used to analyze this measure across these experiments. Of these 92
experiments, six reported that the researchers administered a control question, which all children passed (Scoring Method 6
above). These papers do not report what researchers would have done had a child failed. One experiment counted the control
question equivalently to the test questions (e.g., Scoring Method 7; children got a point for answering the “self”, “other”, and
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Table 3
Distributions of Coding Schemes Based on Purpose of Study.

Studies Examining Children’s Understanding of Belief

Coding scheme Description Number of Experiments in Sample Overall Percentage
(1) Children who fail control are not included in analyses (Exclude System) 5 14.29

(2) Children who fail control are counted as not passing measure (Failure System) 8 22.86

(3) Control Question is not factored into scoring (Ignore System) 22 62.86

Total 35

Studies Correlating False Belief to Other Measures

(1) Children who fail control are not included in analyses (Exclude System) 7 14.28
(2) Children who fail control are counted as not passing measure (Failure System) 16 32.65
(3) Control Question is not factored into scoring (Ignore System) 26 53.06
Total 49 53.06

“control” questions correctly, for a score of 0-3 on the measure). One experiment did not report a coding scheme.! (Scoring
Method 8). We did not consider these experiments further. This left us with 84 experiments to analyze.

The remaining coding schemes described above can be further categorized into three types. Coding Scheme 1 (Henceforth,
Exclude): Exclude children who fail the control from the analyses (Scoring Method 1, represented by 12/84 experiments).
Coding Scheme 2 (Henceforth, Failure): Treat children who fail the control as failing the measure (Scoring Method 2, rep-
resented by 24/84 experiments). Coding Scheme 3 (Henceforth, Ignore): Ignore the control question in the scoring (Scoring
Methods 3-5, represented by 48/84 experiments). The distribution of these three coding schemes differed from a uniform
distribution, x%(2, N=84)=24.00, p<0.01, ¢ =0.53. The Ignore scheme was the most popular, and was used significantly
more often than either of the other coding schemes, Binomial tests, both p-values <0.01.

The unexpected contents task may be conducted for a variety of reasons, and these reasons might motivate which coding
scheme is used. Two of the main reasons include (1) A measure of theory of mind ability to correlate with performance on
other measures, and (2) to study some facet of children’s understanding of belief. We might expect that researchers engaged
in the former type of study would be less likely to eliminate data based on a failure to answer the control question. In these
cases, the false belief task is one measure among a large set that might involve a substantial investment of time and resources
to collect, so attempts are made to retain as much data as possible. In contrast, the latter cases are often single procedures,
where it might be easier to replace participants to achieve a large-enough sample.

To consider this question, we analyzed whether the goal of the experiment was primarily to relate performance on the
false belief measure with another task or to understand the nature of belief. We coded 35 of the 84 experiments we analyzed
here as being about the nature of belief and the remaining 49 experiments as being correlational in nature. Table 3 shows the
distribution of these two subsets, and there was not a significant difference between the distributions, x%(2, N=84)=1.03,
p=0.60, ¢ =0.11. This analysis suggests that concerns about data retention did not necessarily motivate the use of a particular
coding scheme.

We next examined whether there were any differences among papers that used the three coding schemes. We first
analyzed the sample size of the experiments, using nonparametric analyses because of unequal variance among the groups.
A median test showed that the median sample size differed among experiments using the three coding schemes differs, x2(2,
N=84)=9.00, p=0.01, ¢ =0.33. Post-hoc analysis revealed that the only significant difference among the sample sizes was
the Failure scheme and the Ignore scheme, Mann-Whitney U=335.00, z=-2.88, p<0.01, r=0.34. When researchers have
fewer participants, they are more likely to use the coding scheme that does not factor performance on the control question
into account. We also ran this same analysis on the Google Scholar citation count? and the age of the publication for the
three kinds of coding schemes (cases where we would not expect any differences). There was no effect of coding scheme on
either of these factors, x2(2, N=84)=0.00 and 4.65, p=1.00 and 0.10, ¢ =0.00 and ¢ =0.24, respectively.

2.2. Discussion

There was little agreement regarding how researchers scored the unexpected contents measure. The most common
coding scheme was to not include the control question (if it was asked at all) into the coding scheme. The most infrequently
used scheme was to exclude children who failed the control question from the data analysis.

Although we have found thatresearchers are more likely use the Ignore coding scheme than other coding schemes, we have
not yet analyzed whether the differences among the coding schemes matter. We address this question in three ways. First,
we conduct a logit analysis on the literature reviewed in the previous section. Second, we examine one particular published
paper for differences in scoring systems. Third, since 2001, the first author and members of his lab have administered a

1 An attempt was made to contact the corresponding author of the paper, but this individual did not respond
2 Note that this analysis was run on May 4, 2015, so it is possible that these numbers have changed as citation counts are dynamic.
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Relation Between Proportion of Correct Responses (Logit Value), Age, and Coding Scheme
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Fig. 1. Relations among coding scheme, age, and the proportion of correct responses on the unexpected contents task (transformed via the logistic function)
given by children over the results of 86 conditions included in the analysis. Note that the Exclude Coding Scheme reported larger proportion of children
passing the false belief task across all ages.

version of the unexpected contents measure to most of the children who have participated in studies. In many cases, this
measure was used as awarm-up procedure to familiarize the child with the experimenter, and was irrelevant to the particular
study. We compiled these data together for analysis below.

3. Logit analysis

To investigate whether there is an effect of the scoring system researchers used for the unexpected contents measure, we
conducted the same logit analysis as presented in Wellman et al. (2001) using a subset of the papers included in the analysis
above. We used condition (or age group within a condition where possible) as the unit of analysis, instead of individual
participant or full study. This particular approach is useful because it analyzes performance on the measure in question,
and does not require analysis of the frequency statistics presented in most published papers (e.g., see Glass, McGraw &
Smith, 1981). That said, there are some limitations to this method, which we discuss below. However, as our goal was to
investigate the impact scoring system had on established findings, we thought the best way to begin was to follow and
extend a well-known analysis on false belief performance.

To construct our sample, we analyzed every experiment in each paper where we could determine performance correct
on the unexpected content measure. We focused only on conditions that included typically developing children tested using
a standard version of the unexpected contents test. If the paper reported a longitudinal or training study, we only used
pretest data. Unlike the analysis reported in the previous section, we considered all the experiments in each paper and each
condition or age group in these experiments, as long as we could recover the participants’ mean age> and performance on the
test questions. We only included conditions where the participants’ mean age was between 36 and 59 months (inclusive).
This resulted in our analysis including 86 separate conditions from 55 experiments among 40 papers. The total number of
participants in this analysis was 2924. Five of the conditions reported here used a battery of theory of mind measures, in
which several unexpected contents tasks were combined with one appearance-reality test, but one that used the same false
belief and control questions. We included these in the analysis reported. Excluding them does not change the significance
levels reported in the main text.

Each condition was coded for the proportion of correct responses to the test questions (the self and/or other questions).
We also combined data from multiple unexpected contents trials, if administered to get a single proportion correct score.
We recorded the scoring system used to score the unexpected contents task (as derived from the analysis in the previous
section). Following Wellman et al. (2001), proportion correct (p) was transformed via a logit transformation in which the
logit score =1In(p/1-p)* Fig. 1 shows the relation between age and logit score for each of the three scoring systems.

We first considered whether there was a general relation between age and logit score, which there was, Adjusted R? = 0.20,
F(1, 84)=22.29, p<0.001. The effect size of this relation was computed in terms of an odds ratio, which was 2.36 per year
(or 1.07 per month). The age at which children are ~50% correct is 51 months of age. An effect size of 2.36 per year means
that there is an increase in probability of passing the unexpected contents task from ~50% at 51 to ~70% at 63 months (or

3 In two cases, some children tested in the study were not given the unexpected contents measure, so the mean age of the sample does not specifically
represent the mean age of the children given this measure. We used the reported mean age in the analysis. Excluding these two cases does not change the
significance levels reported in the main text.

4 One addition condition, not included in the analysis, presented a proportion of 1, which results in an incomputable logit score.
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Table 4
Reconstruction of Data Set from Peterson et al. (2005), Analyzed with Different Coding Schemes.

Distribution using Failure Coding Scheme (as used in Peterson et al., 2005)

Native Deaf Signers (N=11) Late Deaf Signers (N=36) Children with Autism (N =36)
Passed Unexpected Contents 9 12 17
Failed Unexpected Contents 2 24 19

X%yates(2, N=83)=6.17, p=0.045, ¢ =0.27

Distribution using Exclude Coding Scheme (Based on their report of performance on control question)

Passed Unexpected Contents 9 12 17
Failed Unexpected Contents 2 19 16
X2yates(2, N=75)=4.45,p=0.11, =0.24

Note. Yates Corrections were used in this analysis because at least one cell has fewer than 5 entries, which potentially overestimates significance. See text
for details.

from 50% at 51 months to 52% at 52 months). The effect size reported here is smaller, but similar to Wellman et al. (2001),
who reported an odds ratio of 2.94 per year for the effect of age.

We then considered a hierarchical regression examining first age and then coding scheme to isolate the variance explained
by coding scheme beyond the effects of age. The overall model predicted a significant amount of the variance in performance,
F(3, 82)=11.88, p<0.005 and critically, scoring system predicted a significant amount of variance of performance, beyond
the effect of age, Adjusted AR2=0.077, F(2, 82)=5.48, p=0.006. In this analysis, the Exclude scheme generally produced
higher logit values from the Failure and Ignore schemes together, b=-0.25, SE=0.077 (CI=[-0.40, —0.10]), p=0.001, while
Failure and Ignore did not differ from one another, b=0.039 (CI=[-0.15, 0.23]), SE=0.098, p=0.69.

A difference between our analysis and the Wellman et al’s analysis is that the average age of children at the ~50%
performance mark was ~51 and ~44 months, respectively. There are several potential reasons for this difference. First,
Wellman et al.’s analysis included three different types of false belief measures, while we focused on only one, and it is
possible that the unexpected content measure was slightly more difficult. These different measures might also interact with
this kind of analysis differently. Second, Wellman et al.’s analysis involved many older papers. The median age of papers
using the Exclude scheme was 15 years old, which was the highest of the three coding systems. Fig. 1 shows that for the
Exclude scheme, the mean age for 50% performance (logit score = 0) is ~42 months, which is quite similar to Wellman et al.’s
(2001) analysis. It is possible that more papers published before 2001 used the Exclude scheme, which could account for
some of the difference. It is also interesting to note that the Exclude scheme resulted in results most similar to Wellman et
al’s analysis.

The general conclusion of this logit analysis is that the coding scheme used by a researcher can have an influential role
in the false belief scores from the unexpected contents measure. A limitation of this work (and the metaanalysis reported
in Wellman et al., 2001) is that the sample sizes of the conditions are not taken into account as a way of normalizing these
results (with sample size of conditions ranging from 10 to 128). We did rerun the analyses weighing the value of each logit
by sample size, and achieved similar results in terms of effect sizes (e.g., the effect of scoring system beyond age in this
analysis is Adjusted AR?=0.102). As such, we believe that the logit analysis that is presented provides evidence that choice
of scoring system affects what level of performance is reported in a potential sample. We turn now to a question that follows
from this analysis, which is whether the choice of coding scheme influences published results.

4. Analysis of Peterson, Wellman and Liu (2005)

In our literature review, we found one study where it was possible to reconstruct enough of the dataset, so that we could
contrast at least two of the Coding Schemes presented above (Peterson et al., 2005), verified by Personal Communication
with the first author, May 29, 2015). The analysis of this study is informative towards suggesting that choice of coding
scheme for analysis may affect significance levels presented in results.

This study compared theory of mind development among children born deaf to deaf parents, those born deaf to hearing
parents, and those diagnosed with autism. The unexpected contents measure was administered as part of the “Theory of
Mind Scales” (Wellman & Liu, 2004 ), and was coded in the same manner as reported in that paper (using the Failure scheme).

One aspect of their analyses (reported on p. 507) was a test of performance on the unexpected contents measure among
these three groups. This was done to compare their results with other papers that had investigated theory of mind perfor-
mance in other samples of deaf children and children with autism. They reported a significant difference among the target
groups, which motivated several subsequent analyses. Table 4 shows this data set and the analyses we present. We repli-
cated one of their analyses (using a Yates correction, because one of the cells has fewer than 5 entries, making a standard
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Fig. 2. The crayons-candles box used with most of the participants reported in the In-house data analysis.

Chi-Squared analysis less valid).” However, when the Exclude scheme is used instead of the Failure scheme, the analysis is
no longer significant at an alpha level of 0.05.

Critically, we offer this analysis not as a criticism of their article or by means to question their results or the conclusions
these researchers make. In fact, we commend them for providing the reader with enough information to reconstruct their
full dataset, and of all the analyses they presented, this was the only one we found that was affected by choice of Coding
Scheme. Using the Exclude instead of the Failure scheme results in the elimination of eight data points, which reduces the
power of the analysis. Given that their article analyzed data from atypical populations, it may be appropriate to include all
potential data points. Moreover, given that the Failure scheme potentially differentiates children who pass a measure from
children who do not (the goal of administering this measure in their paper), we do not doubt the validity of their findings.
Rather, we present this analysis as further evidence that the choice of coding scheme can influence whether a result is
considered significant. We will return to this discussion in the section on best practices.

5. In-house data analysis

In this section, we examine a large dataset from children who participated in the same unexpected contents procedure.
These data were collected between 2001 and 2012 by the first author and a set of students. In some cases, these data
were reported in the published paper that emanated from the child’s visit to the laboratory (Sobel, 2004, 2006, 2015; Sobel,
Sommerville, Travers, Blumenthal, & Stoddard, 2009; Van Reet, Green & Sobel, 2015). In other cases, the data from the child’s
visit was reported, but the child’s participation in the false belief measure was not reported, because it was irrelevant to
the paper or because it was removed during the review process.. In other cases, the project did not result in a publication.
The procedure was part of all relevant Institutional Review Board protocols and all parents of children who participated
consented to the procedure, in accordance with the Institutional Review Board of the authors’ university.

5.1. Method

5.1.1. Participants

The main sample analyzed here contains the data of 1231 children between the ages of 36 and 59 months
(Mgge =50.90 months, SD=6.08 months). There were fewer 3-year-olds (N=339) than 4-year-olds (N=892) in the data set.
Data from 118 other children were also available. Three children failed to provide responses to one of the test questions.
The other 115 were excluded because these children were outside of this age range (these data were mostly from 5- to 7-
year-olds). Because we were concerned mostly with development during the preschool ages and because there were fewer
children in the older age ranges, we chose to exclude these data so that we did not skew the main analysis. This decision
also paralleled the logit analysis presented above.

5.1.2. Materials
The majority of children were shown a deceptive Crayola crayons container that contained candles shown in Fig. 2. A
small number of children were given the same procedure using a Band Aids box that contained crayons.

5 Our choice to correct these analyses is controversial. Some believe that a Yates correction should never be used because it overcorrects. Others suggest
that they should only be used for 2 x 2 tables. Yates (1934) discusses the usage of his correction for 2 x 3 analyses, and suggests that it might be less
necessary than for 2 x 2 analyses, but not unnecessary. That said, more recent statistical texts (e.g., Howell, 2006) suggest using a Fisher’s Exact test in this
circumstance. In this case, Coding Scheme 2 results in a p-value < 0.05 whereas Coding Scheme 1 is significant at exactly p=0.05.
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5.1.3. Procedure

Children were seated across from the experimenter, shown the deceptive container and asked what they thought was
inside the box. Children typically responded “crayons” or a similar, plausible response (e.g., “markers” “colors” “pencils”).®
Children were then shown the actual contents of the box (the birthday candles), and the candles were removed from the
box so that children could see them up close. The candles were then placed back into the box and the box was closed. The
experimenter then asked a false belief other question in which they were asked about the belief state of another person (a
caretaker like Daddy or a friend of the child’s, who had been mentioned before the box was brought out, and who was not
present during the time of the test). Specifically, “Let’s say <person> comes in here. <Person> has never seen this box before.
What will <person> think is in the box? If the child did not respond or said ‘[ don’t know’, the experimenter would ask the
child to make a guess.

After children generated their response to the false belief other question, the experimenter then asked the false belief
self question: “Before I showed you what was in the box, what did you think was in the box?” Again, if the child did not
respond or said, “I don’t know”, the experimenter would ask the child to make a guess. Finally, the experimenter asked the
control question: “What is really in the box?” The 1231 children included in this analysis all provided responses to all three
questions.

” o«

5.2. Results

5.2.1. Analysis of overall data set

We first report the overall level of performance on each of the three questions. Children responded correctly on the false
belief other question 55% of the time (678 out of 1231 children), correctly on the false belief self question 52% (645/1231)
of the time, and correctly on the control question 88% (1087/1231) of the time. This last finding is consistent with the
majority of published reports on false belief. For instance, Wellman et al. (2001) only included studies in their metaanalysis
that yielded 80% performance on control questions or better. The present data are thus consistent with other previously
published studies.

To assess whether using different coding schemes could yield significantly different results, we calculated the false-belief
scores according to the different coding schemes for each participant. Children received a score of 1 if they answered the false
belief other question correctly and a score of 1 if they answered the false belief self question correctly. We analyzed these
data via three coding schemes under discussion. The Exclude scheme was the sum of the score on false belief self + false belief
other, excluding those participants who failed false belief control. The Failure scheme was the sum of false belief self + false
belief other for participants who passed the false belief control and zero for those who failed the false belief control. The
Ignore scheme was the sum of false belief self + false belief other regardless of whether the participant passed or failed the
false belief control question. Fig. 3 depicts performance by age for each of the three coding schemes.

We examined the effect of coding scheme using a series of multi-level models. We used both multi-level models where
the age of the child is treated as a continuous variable (months-old; denoted age) and where it is treated as a categorical
variable (3-year-old vs. 4-year-old; denoted age group) because both methods for analyzing experiments are used in the
literature. We also performed post-hoc contrasts and analyzed the main effects and interactions for the age x coding scheme
and age group x coding scheme models. When compared to a baseline model, a model only containing coding scheme had a
significant main effect, x2(2)=141.14, p<0.001. Adding either age or age group had a significant main effect x2(1)=172.55,
p<0.001 and ¥2(1)=137.58, p<0.001, respectively, and a significant interaction, x2(2)=9.72, p<0.01 and x2(2)=16.86,
p<0.001, respectively.

For the age and age group models, Tukey post hoc tests for coding scheme revealed that Exclude and Failure schemes
marginally (diff=0.12, SE=0.054, CI=[0.01,0.23],z=2.12, p<0.10) and significantly differed (diff = 0.14, SE=0.054, CI=[0.03,
0.25],z=2.59, p<0.05) respectively. A similar analysis between Exclude and Ignore showed that they marginally differed for
age (diff=0.12, SE=0.054, CI=[0.01, 0.23], z=2.10, p<0.10) and significantly differed for age group (diff=0.14, SE=0.054,
CI=[0.03,0.25],z=2.53, p<0.05). For Failure vs. Ignore, the difference was significant for both the age (diff=0.23, SE=0.050,
CI=[0.13, 0.33],z=4.53, p<0.001) and age group models (diff=0.28, SE=0.050, CI=[0.18, 0.38], z=5.53, p<0.001).

We explored the effect of coding scheme further by analyzing the main effects and interactions within the mixed-
effects models. In both the coding scheme x age and coding scheme x age-group mixed-effects models, the Exclude scheme
was coded as the intercept and the main effects of the Failure scheme was significantly different from it, t(2316)=-2.12,
SE=0.054,p<0.05,r=0.04 and t(2316)=—-2.59, p<0.01, SE = 0.054, r=0.05, respectively. The same was true looking at the dif-
ference between Exclude and Ignore, t(2316)=2.08, SE=0.054, p <0.05,r=0.04 and £(2316) = 2.53, SE=0.054, p < 0.05,r=0.05,
respectively. As expected, participant’s age significantly affected their accuracy on the unexpected contents task, whether
coded as age or age group, t(1230)=13.36, SE=0.004, p<0.001, r=0.36 and t(1230)=11.85, SE=0.050, p<0.001, r=0.32,
respectively. There were marginal interactions between the Failure scheme and the age (or age group) factor, t(2316)=1.44,

6 Because this sample was gathered from a large set of individual experiments, there were other children for whom we attempted to administered the
procedure, but not tested because they failed to answer this initial question. Unfortunately, it is not possible to recover the exact number of children who
fit into this category, although we believe it is rare.
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Fig. 3. Performance on false belief questions for the in-house data analysis depending on age (in months). For each question type, 10% quantiles are plotted
as well as the best-fit logistic regression.

SE=0.001, p<0.15, r=0.03 and £(2316)=1.91, SE=0.014, p<0.10, r=0.04, respectively, and the Ignore scheme and the age
(or age group) factor, t(2316)=1.46, SE=0.001, p<0.15,r=0.03, and t(2316)=1.92, SE=0.014, p<0.10, r=0.04, respectively.

Overall, the coding scheme used can result in significantly different results. That is, this first set of analyses suggests that
the coding schemes yield significant differences in overall accuracy scores among one another.

5.2.2. Simulated experiment analysis

So far, we have found that there is a reliable difference in the results of the unexpected contents task depending on the
coding scheme used by the experimenter. Further, we replicated a result of the logit analysis - that the Exclude scheme
differs significantly from the Failure and Ignore schemes. However, this analysis used a large number of children (over 1200)
to establish the effect. Given the number of children typically used in developmental experiments, how strong of an effect
does the coding scheme have on the results of the unexpected contents task?

We analyzed the effect size of coding scheme in a set of simulated experiments, focusing on the sample size of the
hypothetical experiment and whether age is treated as a continuous (age) or nominal (age group) factor.” To perform a
simulated experiment, we sampled (with replacement®) an equal number of 3-year-olds and 4-year-olds. We then analyzed
the results of the simulated experiment using both the coding scheme x age and coding scheme x age group mixed models
and stored the effect size of coding Schemes 2 and 3 (relative to coding Scheme 1), the age variable (for comparison) and
the interaction between coding scheme and the age variable (for both models). We used N =30, 40, 60, 100, and 200 total
participants in the simulated experiments (so each experiment had N/2 three-year-olds and N/2 four-year-olds) and stored
the results of analyzing the mixed models for 10,000 simulations of each sample size. Fig. 4 plots the distribution of effect
sizes r (Pearson’s correlation coefficient) for using Exclude, Failure, and Ignore with respect to each other in these simulated
experiments, using either the coding scheme x age or coding scheme x age group model.

Typically, the effect sizes are small, but non-negligible, and approximately equal regardless of the coding scheme or
model used. For example, when there are 30 simulated participants, the median effect size was greater than 0.09 and only

7 Technically, age group should be treated as an ordinal variable - however, we find few papers that analyzed age group in this manner (i.e., via ordinal
modeling). Most analyses treat age group as a nominal variable (as in ANOVA).
8 The results are approximately the same if participants are sampled without replacement.
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Fig.4. The effect size (r) of comparisons among each of the three coding schemes in simulated experiments varying the number of participants and whether
age was treated as a continuous covariate (through an ANCOVA, denoted age in the text) or in which age was treated categorically (via a coding scheme x age
group ANOVA, denoted age group in the text). Mdn is the median effect size for each distribution. CI is the 95% confidence interval for the effect size. All
pairs of coding schemes were tested. The effect size of between pairs of coding schemes is approximately equal for simulated experiments with typical
number of participants (30-60) and decreases with increasing number of participants (regardless of the model used to analyze the results). The effect size
of using the Failure coding scheme as opposed to the Exclude or Ignore systems decreases at a slower rate when the coding scheme x age group model is
used, but not when the coding scheme x age model is used.

differed by 0.02 between the different models. Note this is about two times larger than the effect sizes when all participants
are included in the analysis. Thus, the coding scheme has a stronger effect when the number of participants typical of most
experiments is used, regardless of the model used for analysis.

As the effect size differences are relatively small with large sample sizes, it does provide some comfort that using different
coding schemes has only a small effect on experimental results, especially when age is treated as a continuous variable. But
to make these analyses more concrete, the median sample size from our literature review was ~60. Thus, these analyses
suggest that at least one quarter of the reviewed literature showed effects with age that could be skewed by a change in
Pearson Correlation of approximately 0.07 or greater (with the most noticeable difference between switching between the
Exclude and Failure scheme). Given that even at N=200 we are not using the entire sample, this is a conservative estimate
and the actual effects are likely higher. Finally, the strongest difference here is between the Exclude and Failure schemes,
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which is consistent with the results of the logit analysis — in which the strongest effect of coding system was between Exclude
and the other schemes, and no difference between Failure and Ignore.

6. Best practices and general discussion

We have shown that there is no consensus in how the unexpected contents measure is scored, and that the most frequently
used scoring system based on our review did not factor in any control measure into analyses of the task. Further, across several
analyses, we found that the coding scheme researchers used to score the unexpected content tasks potentially contributes
to the significance level of analyses reported by the researchers. As such, we suspect that the coding scheme used for scoring
this measure (and potentially related measures of false belief) could be a “researcher degree of freedom” (Simmons, Nelson,
& Simonsohn, 2011, p. 1559) present in studies of children’s theory of mind. We do not suspect that malice or deceptive
intentions underlie any researcher when they choose how to score this measure. Indeed, we suspect that some authors have
used a particular coding scheme for long periods, and this presumably reflects a genuine belief that there is an unambiguous
way of scoring the measure. But this seems to reflect a minority; the majority of researchers using this measure appear to
succumb to the genuine ambiguity in how to best score this measure.

We want to point out a particular limitation with our review, which is that we only focused on the unexpected contents
task. Other measures of false belief (e.g., unexpected transfer, appearance-reality, etc.) also use control questions or pretests
to ensure that children have the requisite attentional or memory capacities necessary to demonstrate their theory of mind
knowledge. We limited our analysis to the unexpected contents task for two reasons. The first was practical - we had available
to us a data set on children’s performance on this particular measure. The second was that in the unexpected contents
procedure, there tends to be only one control question asked (about the actual contents of the box), which simplified the
review of the literature and our categorization of the different coding schemes. To our knowledge, other measures of false
belief have not been analyzed in the manner presented here. We suspect that this analysis is representative of the broader
literature on explicit judgments about false belief.

We want to recommend several best practices specific for using the unexpected content measure. We do not think these
are the only best practices for developmental researchers generally. For instance, we encourage the use of a priori power
analyses to justify sample sizes and the reporting all effect sizes and confidence intervals where appropriate. One way of
addressing many concerns here is to pre-register studies or analyses, but frank and open discussion of the choices made
during analyses can also address many issues brought up here.

First, we endorse the use of the Exclude coding scheme in almost all circumstances. Across all of our analyses, this scheme
appears to provide the most consistent scoring of the measure. We can think of two exceptions to this endorsement. The
first is when eliminating data is highly costly because the data comes from hard-to-collect populations. The second is when
researchers are only interested in whether children have all the necessary capacities to make an inference about a false
belief, including the memory capacity to remember those beliefs. The Failure scheme does ensure that children who pass
the measure understand the task, even if overall, it is less valid than the Exclude scheme. Please note that both of these
conditions were in place for the Peterson et al. (2005) data that we analyzed; we agree with their analyses and conclusions.
We see no reason to ever use the Ignore scheme.

Our second best practice is to reconsider findings that exist in the literature for whether the coding scheme used by
researchers matters. Of the papers we reviewed, 36 asked a control question, but used either the Failure or Ignore schemes.
An open question is whether the findings of these papers (and presumably many others we did not consider) replicate when
the Exclude scheme is used. Authors might consider making this information (in a de-identified manner, of course) available.

Our third best practice is for there to be a deeper discussion of the justification for the particular coding scheme, not just
for this task, but for the many measures used in psychology. Consistent with the first practice we recommend above, the
use of the Failure scheme should be the exception rather than the rule — and papers that present it should have detailed
discussion of its usage as opposed to the Exclude scheme, including the trade-off between power and validity.

Fourth, regarding the treatment of age as a continuous or categorical variable, we recommend treating age as continuous
given that it will provide a more accurate representation of the factor, provide more statistical power, and make analyses
more robust to differences in coding scheme. If researchers insist on treating age as a categorical variable, they should
consider subtracting the difference in effect size between Age Group and Age when doing a priori power analyses for sample
sizes (see Fig. 4).

Our final best practices are for reviewers and editors. Do not accept manuscripts that use the Ignore scheme. Instead,
insist that authors who use this coding scheme reanalyze their data. Control questions should be asked and factored into how
this measure is scored. Moreover, we hope that developmental journals in particular are more receptive to papers reporting
these kinds of methodological and statistical issues. Given the prevalence of new statistical techniques for data analysis, it
seems necessary for the field to discuss how to make choices regarding scoring systems that can affect analyses.

To conclude, we have presented a case study in the literature on children’s false belief, which we believe is representative
of other theory of mind measures. Broadly speaking, it is worth discussing in any paper how raw data are scored. Based on the
desire to achieve publishable findings, we believe researchers can score measures in a way that achieves significant results,
and then engage in post-hoc justifications regarding why the measures were scored in that way. For common measures
used across the field, like the unexpected contents task, this seems unacceptable. We hope that this paper inspires other
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researchers to think carefully about the scoring systems used for other measures, both in theory of mind and elsewhere in
developmental science.

We also want to emphasize that our purpose in presenting this analysis is not to point out the flaws or methods with
any particular paper or theory within the field of theory of mind. Rather, given the ubiquity of false belief measures in
developmental science, we want to highlight that a best practice for scientific investigation in social cognitive development
is to justify why data are scored in a certain way, and increase the robustness of known findings. We hope that the discussions
brought up in this article generalize to other aspects of developmental science and other fields of psychology so that we can
strive towards a better science.
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