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Abstract

When given privileged information of an object’s true location, adults often overestimate the

likelihood that a protagonist holding a false belief will search in the correct location for that

object. This type of egocentric bias is often labelled the ‘curse of knowledge’. Interestingly,

the magnitude of this bias may be modulated by the social distance between the perspective

taker and target. However, this social distance effect has yet to be fully demonstrated when

adults reason about false beliefs. Using a continuous false belief task, we investigated i)

whether adults were biased by their own knowledge when reasoning about another’s false

belief, ii) whether the magnitude of this egocentric bias was modulated by social distance,

and iii) whether this social distance effect extended to a heterospecific out-group, namely a

dog. To test these hypotheses we conducted three experiments. In Experiment 1 (N = 283),

we used an established continuous false belief task, in Experiment 2 (N = 281) we modified

this task, and Experiment 3 (N = 744) was a direct replication of Experiment 2. Across these

experiments, the curse of knowledge effect was reliably replicated when adults mentalised

about an in-group protagonist, and replicated in two of the three studies (Experiments 1 and

3) when adults mentalised about out-group protagonists. In an internal-meta analysis, the

curse of knowledge effect was present across all conditions, and there was no effect of

social distance. Hence, overall these data are not consistent with the hypothesis that social

distance modulates adults’ egocentric biases when reasoning about false beliefs. The find-

ing that egocentric biases of a similar magnitude were observed when adults mentalised

about an in-group protagonist and a dog suggests that interpersonal dissimilarity is not in

itself sufficient to reduce egocentric bias when reasoning about false beliefs.

Introduction

Although we possess the ability to attribute mental states to others, this so-called Theory of

Mind is often sub-optimal. Both adults and children frequently over-extend their own mental

states onto others. Such an egocentric bias is seen when we reason about what others see [1],

feel [2], know [3], and believe [4].
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Epley et al. [5] proposed that egocentric biases arise because perspective taking, including

Theory of Mind, follows an anchor and adjustment mechanism (see also [6]). By this account,

the perspective taker first projects their own mental state onto another, and then serially

adjusts away from this egocentric anchor to arrive at the other’s perspective. When such

adjustment is insufficient, the perspective taker is biased by their own perspective. For exam-

ple, egocentric biases are observed when adults complete false belief tasks which measure a

continuous dependent variable [4,7]. In their seminal study, Birch & Bloom [4] used a modi-

fied false belief task in which a protagonist, Vicki, placed her violin in a blue container, one of

a total of four differently coloured containers. While Vicki was away, her sister moved the vio-

lin to either i) “another container”, or ii) “the red container”, and then switched the locations

of all containers. Next, participants rated the percentage likelihood that Vicki, upon return,

would search for her violin in each of the four containers. Despite Vicki’s belief of the violin’s

location being identical between conditions, participants who knew the violin was in the red

container reported it more likely that Vicki would search there, compared to participants igno-

rant of the violin’s true location.

Such a curse of knowledge effect in false belief reasoning has been replicated both conceptu-

ally, by using a different paradigm [7], and by four additional studies using the Birch & Bloom

paradigm [8–11]. However, Ryskin and Brown-Schmidt [12] recently reported a large-scale

replication failure of the curse of knowledge effect. Across seven replicates of the Birch and

Bloom paradigm [4], Ryskin and Brown-Schmidt reported a significant curse of knowledge

effect in only three. Combining the effect size across all seven studies yielded a Cohen’s d of

0.20, considerably smaller than the 0.469 estimated from Birch and Bloom’s data.

However, the smaller effect size reported by Ryskin and Brown-Schmidt [12] could be

explained by considering the social distance between the participants and protagonist in their

study. Here, social distance is used as an umbrella term that incorporates several related fac-

tors, such as similarity, likeability, familiarity and group-membership, all of which may influ-

ence egocentricity during social inferences [13–15]. In two of Ryskin and Brown-Schmidt’s

seven experiments, the protagonist Vicki was white with an English name and in the other

five, as per Birch and Bloom’s original study, Vicki was East-Asian with an English name. As

their sample was ethnically heterogeneous, Vicki likely represented an out-group for some of

the participants (reanalysis of data made available by Ryskin, Oct 2016; now available from

https://osf.io/kfskv/). This is an important consideration because social distance may modulate

the magnitude of egocentric biases in perspective taking. For example, US adults only overex-

tend their own visceral states such as cold and thirst onto similar others [16] and students at

American universities suffer greater egocentric intrusion when taking the visual perspective of

an in-group rather than an out-group member [17]. Even young children find it easier to pre-

dict the future preferences of socially distant as opposed to socially close others [15]. Results

such as these reinforce Tamir and Mitchell’s [6] suggestion that the egocentric anchoring and

adjustment mechanism might be specific to mentalising about similar others, and that self-

knowledge might not be recruited when mentalising about dissimilar others. Consistent with

this hypothesis, Todd et al. ([11]: Experiment 4) demonstrated that adults displayed no ego-

centric bias when reasoning about out-group members’ false beliefs (social distance effect).
Using the Birch and Bloom paradigm, Todd et al. replicated the curse of knowledge effect

when German participants mentalised about a German in-group protagonist, Vicki, but not

when they mentalised about a Turkish out-group protagonist, Yesim. Furthermore, Sassenrath

et al. ([10]: Experiment 2) showed that participants who held a cup of cold water displayed

smaller egocentric biases than participants who held a warm cup of water, again using the

Birch and Bloom paradigm. As physical cold is associated with social distance [18], this finding

Does social distance modulate adults’ egocentric biases when reasoning about false beliefs?
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supports the hypothesis that social distance modulates egocentric biases in false belief

reasoning.

Although Todd et al. [11] and Sassenrath et al. [10] presented data numerically in line with

a social distance effect, their critical statistical tests used both participants’ ratings that Vicki

would look in the “red container” and that she would look in the “blue container” as simulta-

neous dependent variables. However, because in the Birch and Bloom paradigm the ratings

assigned to each container are non-independent, these analyses violated the key independence

assumption of Analysis of Variance (ANOVA) [12,19]. However, a re-analysis of Todd et al.’s

data (performed by Andrew Todd, personal communication, and independently performed by

us), using just the ratings for the critical red container [8,12] did reveal a significant Location

Knowledge x Protagonist interaction, F(1, 112) = 4.65, p = .033, η2 = .04, confirming the pres-

ence of a social distance effect.

However, the generalisability of Todd et al.’s results [11] may be limited by their use of only

a single out-group manipulation. Moreover, the strength of this Turkish out-group protagonist

may have varied between the German participants, for example as a function of how much

intergroup contact they had experienced [20,21]. As the social distance effect in general could

explain Ryskin and Brown-Schmidt’s replication failure [12] of the original Birch and Bloom

study [4], it is necessary to attempt to replicate the curse of knowledge and social distance

effects using a different, stronger and more consistent human out-group. A further method of

creating a strong and consistent out-group may be possible by using non-human animals as

protagonists. Eddy, Gallup and Povinelli [22] collected data on how American students per-

ceived the similarity of a series of animals to themselves, and also the perceived higher order

cognitive abilities of these animals, specifically those related to Theory of Mind. Following

humans, the most cognitively able and similar animals were rated as primates, dogs and cats,

in that order. The high cognitive rating of these non-human animals suggests adults will read-

ily attribute beliefs to them. Crucially, adults also rated primates, dogs and cats as much more

dissimilar to themselves than other humans, suggesting a large amount of perceived social dis-

tance between human adults and these non-human animals. This combination of perceived

mental state attribution abilities and perceived dissimilarity indicates that these animals could

act as a strong out-group to test the effects of social distance on egocentric biases in mental

state attribution. Within these animals, the shared environments of dogs and cats with humans

means ecologically valid paradigms can be designed that can allow the direct comparison of

adult reasoning about human and non-human animal mental states.

The present study therefore had three aims: i) to test whether US and UK adults were biased

by their own privileged knowledge when reasoning about another’s false belief, ii) to test

whether the magnitude of this egocentric bias was modulated by social distance, and iii) to

expand the study of social distance effects by including an ecological out-group, namely a dog,

that would introduce a qualitative change in social distance. These aims were tested across

three experiments. Experiment 1 used the Birch and Bloom modified false belief task with

three protagonists: a white Western European in-group, a West African out-group, and a het-

erospecific dog. Experiment 2 further adapted the modified false belief task to control for the

possibility that participants inferred that the dog could smell the location of the item hidden in

Experiment 1, and Experiment 3 was a direct replication of Experiment 2. Across all three

experiments, if biased by their own privileged knowledge, participants informed of the true

location of an object should rate it more likely that the protagonist would search there, com-

pared to participants ignorant of the object’s true location. Further, if this effect is modulated

by social distance, participants should be less biased when reasoning about a conspecific out-

group protagonist’s false belief. Finally, save for floor effects, participants should be less biased

again when reasoning about a heterospecific protagonist’s false belief.

Does social distance modulate adults’ egocentric biases when reasoning about false beliefs?
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Experiment 1

Methods

Participants. Participants were recruited online via Prolific (http://www.prolific.ac) and

were of white Western European descent, aged between 18 and 35, and either UK or US

nationals. Three hundred participants (50% male) were recruited and randomly assigned to

one of six conditions, in a 3 (Protagonist: in-group, out-group, heterospecific) x 2 (Knowledge:

informed, ambiguous) between-subjects design. Of the 300 participants, three failed to meet

the inclusion criteria (aged 18–35, white Western European descent, UK or US nationals),

eight failed to complete the task and six failed the suspicion check, leading to a final sample

size of 283. Informed consent was gained from each participant, who received monetary com-

pensation for completing the task. This study was approved by the Psychology Ethics Commit-

tee of the University of Cambridge.

Procedure. Participants were presented the task online, hosted at Qualtrics (Qualtrics,

Provo, UT, 2015), and completed an adaptation of a modified false belief task [4]. All partici-

pants were presented with a vignette consisting of two panels, involving two protagonists (see

Fig 1 for an example vignette, and S1 and S2 Figs in the Supporting Information for examples

of the other conditions). The first panel depicted a gender-matched protagonist playing with a

ball (Protagonist 1), beside a sofa surrounded by four differently shaped containers. Instead of

differently coloured containers [4], we used differently shaped containers to account for the

differences in colour vision between humans and dogs. Following Todd et al. [11], the in-

group and out-group conditions displayed the same images of the protagonists, with the skin

and hair colour of the latter being darker. Images were hand drawn and edited using Microsoft

Paint. Common names from each culture were given to each protagonist (see Fig 2 for the

names and images of all protagonists). Aside from the protagonist, the stimuli were identical

for all participants.

Participants first read about the protagonist placing a ball in one of the containers, e.g. “the

box container”. Then, they were informed that while the protagonist was outside, their sibling/

owner (Protagonist 2) moved the ball to either another, specific container, e.g. “the bowl con-

tainer” (informed condition) or another, unspecified container, i.e. “another container”

(ambiguous condition) and then switched the locations of all containers. Next, participants

were asked to rate the percentage likelihood that the protagonist, upon return, would search

for the ball in each of the four containers. Participants typed their answers in four labelled

boxes (each indicating one of the differently shaped containers) below the panel and, following

the procedure by Ryskin and Brown-Schmidt [12], the programme did not allow them to con-

tinue until their answers totalled 100. The order in which the boxes and the corresponding

containers were presented was randomised between participants. Within each condition, the

position of the relevant containers, and the location where the ball was first placed was coun-

terbalanced across participants (see S1 Table in the Supporting Information for a full break-

down of the counterbalancing).

Analysis. Following Ryskin and Brown-Schmidt [12], to account for non-independence

of the ratings for the different containes, we analysed the ratings for the container that was

moved to the location where the protagonist originally put the ball, which was also the location

where the ball was explicitly moved to in the informed condition (the bowl container in Fig 1

and henceforth the “true location container”). A Levene test was used to assess the homogene-

ity of variance of data between conditions, and–if appropriate–data were transformed using

the procedure outlined by Warton and Hui [23] for the logit transformation of data including

0 and 1 values. For all analyses where logit transformed data were used, the corresponding

analyses using untransformed data are presented in S1 Text in the Supporting Information.

Does social distance modulate adults’ egocentric biases when reasoning about false beliefs?
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For all tests that were significant, or approached significance, the transformed data analyses

provided more conservative results than the raw data analyses. Participants’ ratings of the true

location container were submitted to a two-way analysis of variance (ANOVA), with Knowl-

edge and Protagonist as between-subject factors. If, as predicted, participants were more biased

by their own privileged knowledge in the in-group condition, rather than out-group or hetero-

specific conditions, a Knowledge x Protagonist interaction should show that the difference in

participants’ ratings of the true location container between the informed and ambiguous con-

ditions in the in-group condition was larger than in the out-group and heterospecific condi-

tions. Post-hoc tests were conducted using independent samples t-tests with a Šidàk correction

for multiple comparisons [24].

Results

The variances of the true location container ratings were unequal across the different groups

of participants (Levene test, F(5, 277) = 3.56, p = 0.004), thus data were logit transformed [23].

Transformed data were submitted to a two-way ANOVA, which yielded main effects of

Knowledge, F(1, 277) = 11.51, p = 0.0008, η2 = 0.039, and Protagonist, F(2, 277) = 3.92, p =
0.021, η2 = 0.025 but no Knowledge x Protagonist interaction, (F(2, 277) = 0.635, p = 0.531,

η2 = 0.005. The main effect of Knowledge was driven by participants in the informed condition

giving higher ratings to the true location container (M = 38.72, SD = 26.61) than participants

in the ambiguous condition (M = 26.93, SD = 19.62) (Table 1, ratings for all other containers

Fig 1. An example vignette of Experiment 1. The vignette presented to female participants in the in-group informed condition.

https://doi.org/10.1371/journal.pone.0198616.g001

Fig 2. The protagonists used in each condition. Protagonists were gender-matched to participants, except in the

heterospecific condition, where a dog and its female owner, Anna, were always presented.

https://doi.org/10.1371/journal.pone.0198616.g002

Does social distance modulate adults’ egocentric biases when reasoning about false beliefs?
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are provided in S1 Text in the Supporting Information). Post-hoc analysis showed the main

effect of Protagonist was driven by participants in the heterospecific condition giving overall

higher ratings to the true location container than participants in the out-group condition

(independent samples t-test, t(1, 187) = 2.73, pŠidàk = 0.026, d = 0.397). Despite the absence of

an interaction term, individual effect sizes for the curse of knowledge effect for each protago-

nist, using both the logit transformed data, and, in-line with previous studies, the raw data,

were calculated to allow comparison with Birch and Bloom [4], d = 0.469, and Ryskin and

Brown-Schmidt [12], d = 0.20.

The high ratings for the true location container in the heterospecific informed condition

could, however, have been due to participants inferring the dog could smell the location of the

ball, rather than being biased by their own private knowledge. For this reason, the heterospeci-

fic data were excluded and the conspecific data re-submitted to a two-way ANOVA. Again, a

main effect of Knowledge was found, F(1, 186) = 5.40, p = 0.021, η2 = 0.028, due to participants

in the informed condition giving higher ratings to the true location container (M = 35.61,

SD = 27.15) than participants in the ambiguous condition (M = 25.06, SD = 18.94). There was

no main effect of Protagonist, F(1, 186) = 0.40, p = 0.528, η2 = 0.002, or a Knowledge x Protag-

onist interaction, F(1, 186) = 0.82, p = 0.368, η2 = 0.004.

Discussion

The results of Experiment 1 show that adults are biased by their own knowledge when reason-

ing about another’s false belief. Participants who were given privileged information of a hidden

object’s true location (informed condition) thought it was more likely that a protagonist would

look in this location, compared to participants ignorant of the true location (ambiguous condi-

tion). However, these results provide only weak support for the hypothesis that social distance

modulates egocentric biases in false belief reasoning. Although numerically in line with a social

distance effect, participants were not significantly less biased when reasoning about the belief

of an out-group protagonist compared to an in-group protagonist. Nevertheless, the curse of

knowledge effect size in the in-group condition, Cohen’s d = 0.468, was larger than that in the

out-group condition, d = 0.209. The curse of knowledge effect size in the in-group condition,

d = 0.468, is directly in line with Birch and Bloom’s [4], d = 0.469, and thus larger than the

effect size reported by Ryskin and Brown-Schmidt [12], d = 0.20.

Surprisingly, participants mentalising about a heterospecific protagonist appeared to be as

biased as participants mentalising about an in-group protagonist. Thus, these findings seem

Table 1. Mean (M) and standard deviation (SD) of participants’ ratings of the true location container in Experiment 1.

Knowledge In-group

Protagonist

Out-group Heterospecific

Ambiguous 25.89 (21.76) 24.26 (15.90) 30.95 (20.68)

Informed ��� 38.88 (26.72) 32.41 (27.47) 44.76 (24.68)

Curse of Knowledge Cohen’s d—logit 0.468 0.209 0.573

Curse of Knowledge Cohen’s d—raw 0.534 0.361 0.611

The “Knowledge” rows refer to the two manipulations of the participants’ own knowledge about the object’s final location was manipulated (“Ambiguous” and

“Informed”). The “Protagonist” columns refer to the three manipulations of the social distance between the participants and the protagonist (“In-group”, “Out-group”,

and “Heterospecific”). The last two rows give the effect sizes for the curse of knowledge effect (the difference between participants’ ratings in the ambiguous and

informed conditions for each protagonist), which were calculated both using the logit transformed data used in the statistical analyses, and from the raw data, following

[4] and [12].

��� denotes that the mean across the informed conditions differed significantly from the ambiguous conditions at α = 0.001.

https://doi.org/10.1371/journal.pone.0198616.t001
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inconsistent with the hypothesis that increasing social distance will reduce egocentric intru-

sion when mentalising about a heterospecific’s false belief. However, participants in the hetero-

specific condition may have inferred that the dog could smell the true location of the ball.

According to this notion, participants’ ratings for the true location container would be higher

in the informed than in the ambiguous condition, yet the cause would not be an egocentric

bias in false belief reasoning. Experiment 2 was therefore designed as a conceptual replicate of

Experiment 1 that eliminated the possibility that participants inferred the dog could smell the

ball’s true location. Like previously in Experiment 1, if participants were biased by their own

privileged knowledge, and this curse of knowledge effect was modulated by social distance,

this effect should be smaller in the out-group and, save floor effects, smaller again in the het-

erospecific condition, compared to the in-group condition.

Experiment 2

Methods

Participants. Participants were recruited online via Prolific (www.prolific.ac) and were of

white Western European descent, aged between 18 and 35, and either UK or US nationals.

Three hundred participants (50% male), who did not participate in Experiment 1, were

recruited and randomly assigned to one of six conditions in a 3 (Protagonist: in-group, out-

group, heterospecific) by 2 (Knowledge: informed, ambiguous) between-subjects design. Of

the 300 participants, five failed to meet the inclusion criteria (aged 18–35, white Western Euro-

pean descent, UK or US nationals), five failed to complete the task and nine failed a suspicion

check, leading to a final sample size of 281. Informed consent was gained from each partici-

pant, who received monetary compensation for completing the task. This study was approved

by the Psychology Ethics Committee of the University of Cambridge.

Procedure. The procedure was identical to Experiment 1, except that the vignette was

altered such that the four containers were now located between the sofa and four large win-

dows, which looked out over a garden (see example vignette in Fig 3 and S3 and S4 Figs in the

Supporting Information for examples of the other conditions). Participants read about the

protagonist placing the ball in one of the containers, e.g. the “box” container. The participants

were then informed that while the protagonist was not in the room, their sibling/owner moved

the ball to either another, specific container, e.g. the “the bowl container” (informed condi-

tion) or another, unspecified container, i.e. “another container” (ambiguous condition), and

then switched the locations of all containers. Next, participants were told the protagonist

wanted the ball and would approach and tap the window in front of a container. Participants

rated the percentage likelihood that the protagonist would first tap the window in front of each

of the four containers. In the heterospecific condition, the dog would scratch, rather than tap,

the window. This window design of Experiment 2 ensured that any apparent bias in the het-

erospecific condition could not be attributable to participants inferring the dog could smell the

true location of the ball.

As per Experiment 1, participants typed their answers in four labelled boxes (each indicat-

ing one of the differently shaped containers) below the panel, the order of which was rando-

mised across participants, and the programme did not allow them to continue until their

answers totalled 100. The order in which the boxes and the corresponding containers were

presented was randomised between participants. Within each condition, the position of the

relevant containers, and the location where the ball was first placed was counterbalanced

across participants, in an equivalent way to Experiment 1 (S1 Table in the Supporting

Information).

Does social distance modulate adults’ egocentric biases when reasoning about false beliefs?
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Analysis. As per Experiment 1, we analysed the ratings for the container that the ball was

moved to in the informed condition (the bowl container in Fig 3, henceforth the “true location

container”). A Levene test was used to assess the homogeneity of variance of data between

groups of participants, and–if appropriate–data were transformed, using the procedure out-

lined by Warton and Hui [23] for the logit transformation of data including 0 and 1 values.

For all analyses where logit transformed data were used, the corresponding analyses using

untransformed data are presented in S1 Text in the Supporting Information. For all tests that

were significant, or approached significance, the transformed data analyses provided more

conservative results than the raw data analyses. Participants’ ratings of the true location con-

tainer were submitted to a two-way ANOVA, with Knowledge and Protagonist as between-

subject factors. If, as predicted, participants were more biased by their own privileged knowl-

edge in the in-group condition, rather than out-group or heterospecific conditions, a Knowl-

edge x Protagonist interaction should show that the difference in participants’ ratings of the

true location container between the informed and ambiguous conditions in the in-group con-

dition was larger than in the out-group and heterospecific conditions. Post-hoc tests were con-

ducted using independent samples t-tests with a Šidàk correction for multiple comparisons

[24].

Results

The variances of the true location container ratings were unequal across conditions (Levene

test, F(5, 275) = 2.22, p = 0.052), thus data were logit transformed [23]. Transformed data were

submitted to a two-way ANOVA which yielded a Knowledge x Protagonist interaction term

that approached significance, F(2, 275) = 2.35, p = 0.098, η2 = 0.017. This was driven by partici-

pants’ ratings for the true location container being higher in the informed condition than the

ambiguous condition in the in-group condition (independent samples t-test, t(1, 89) = 2.72,

pŠidàk = 0.023, d = 0.572), but not the out-group (independent samples t-test, t(1, 93) = -0.14,

pŠidàk = 1.00, d = -0.028), or heterospecific conditions (independent samples t-test, t(1, 93) =

0.03, pŠidàk = 1.00, d = 0.007) (Table 2, ratings for all other containers are provided in S1 Text

in the Supporting Information). No main effects of Knowledge, F(1, 275) = 1.90, p = 0.17, or

Protagonist, F(1, 275) = 1.09, p = 0.34, were found.

Discussion

The results from Experiment 2 provide some support for the hypothesis that social distance

modulates egocentric biases in false belief reasoning. Participants only displayed an egocentric

bias when mentalising about the false belief of an in-group, but not an out-group or heterospe-

cific, protagonist. The lack of an egocentric bias in the heterospecific condition suggests that

the apparent bias in Experiment 1 can be attributed to participants inferring the dog could

smell the true location of the ball.

However, although there was no numerical egocentric bias in either the out-group or het-

erospecific conditions, the overall social distance effect, represented by the Knowledge x Pro-

tagonist interaction term, was not significant. Hence, to follow up on the directional results

observed in Experiments 1 and 2, we conducted a replication of Experiment 2 with a sample

size designed to achieve 90% power to detect an effect size of η2 = 0.017, which was the effect

size observed in Experiment 2.

Fig 3. An example vignette of Experiments 2 and 3. The vignette presented to female participants in the in-group informed

condition.

https://doi.org/10.1371/journal.pone.0198616.g003
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Experiment 3

Methods

Participants. Participants were recruited online via Prolific (www.prolific.ac) and were of

white Western European descent, aged between 18 and 35, and either UK or US nationals.

Seven hundred and eighty participants (50% male), who had not participated in Experiments 1

or 2, were recruited and randomly assigned to one of six conditions in a 3 (Protagonist: in-

group, out-group, heterospecific) by 2 (Knowledge: informed, ambiguous) between-subjects

design. Of the 780 participants, 25 failed to meet the inclusion criteria (aged 18–35, white

Western European descent, UK or US nationals), two failed to complete the task and nine

failed a suspicion check, leading to a final sample size of 744. This sample size has 90.4% power

to detect an effect of η2 = 0.017 in our 3 x 2 between-subjects design. Informed consent was

gained from each participant, who received monetary compensation for completing the task.

This study was approved by the Psychology Ethics Committee of the University of Cambridge.

Procedure and analyses. The procedure and analyses were identical to Experiment 2.

Results

The variances of the true location container ratings were unequal across conditions (Levene

test, F(5, 738) = 10.40, p< 0.001), thus data were logit transformed [23]. The variances of the

Table 2. Mean (M) and standard deviation (SD) of participants’ ratings of the true location container in Experiment 2.

Knowledge In-group

Protagonist

Out-group Heterospecific

Ambiguous 22.24 (19.65) 33.79 (29.62) 33.43 (23.94)

Informed 36.79 (25.80)� 32.60 (30.74) 34.31 (22.98)

Curse of Knowledge Cohen’s d—logit 0.570 -0.028 0.007

Curse of Knowledge Cohen’s d—raw 0.629 -0.039 0.038

The “Knowledge” rows refer to the two manipulations of the participants’ own knowledge about the object’s final location was manipulated (“Ambiguous” and

“Informed”). The “Protagonist” columns refer to the three manipulations of the social distance between the participants and the protagonist (“In-group”, “Out-group”,

and “Heterospecific”). The last two rows give the effect sizes for the curse of knowledge effect (the difference between participants’ ratings in the ambiguous and

informed conditions for each protagonist), which were calculated both using the logit transformed data used in the statistical analyses, and from the raw data, following

[4] and [12].

� denotes a mean in the informed condition that differed significantly from the ambiguous condition at α = 0.05.

https://doi.org/10.1371/journal.pone.0198616.t002

Table 3. Mean (M) and standard deviation (SD) of participants’ ratings of the true location container in Experiment 3.

Knowledge In-group

Protagonist

Out-group Heterospecific

Ambiguous 28.37 (22.93) 27.73 (21.29) 32.28 (25.02)

Informed��� 41,03 (32.14) 37.66 (29.69) 41.61 (26.70)

Curse of Knowledge Cohen’s d—logit 0.332 0.323 0.384

Curse of Knowledge Cohen’s d—raw 0.455 0.385 0.361

The “Knowledge” rows refer to the two manipulations of the participants’ own knowledge about the object’s final location was manipulated (“Ambiguous” and

“Informed”). The “Protagonist” columns refer to the three manipulations of the social distance between the participants and the protagonist (“In-group”, “Out-group”,

and “Heterospecific”). The last two rows give the effect sizes for the curse of knowledge effect (the difference between participants’ ratings in the ambiguous and

informed conditions for each protagonist), which were calculated both using the logit transformed data used in the statistical analyses, and from the raw data, following

[4] and [12].

��� denotes that the mean across the informed conditions differed significantly from the ambiguous conditions at α = 0.001.

https://doi.org/10.1371/journal.pone.0198616.t003
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transformed data were still unequal, but to a lesser extent than the raw data (Levene test, F(5,

738) = 3.46, p = 0.004). Logit transformed data were submitted to a two-way ANOVA. A main

effect of Knowledge was found, F(1, 738) = 22.30, p< 0.001, η2 = 0.029, but there was no sig-

nificant effect of Protagonist, F(2, 738) = 0.97, p = 0.38, η2 = 0.003, or a significant Knowledge

x Protagonist interaction, F(2, 738) = 0.01, p = 0.99, η2 < 0.001. The main effect of Knowledge

was driven by participants in the informed condition giving higher ratings to the true location

container (M = 40.10, SD = 29.55) than participants in the ambiguous condition (M = 29.45,

SD = 23.15) (Table 3, ratings for all other containers are provided in S1 Text in the Supporting

Information).

Discussion

The results from Experiment 3, a direct replication of Experiment 2 with a larger sample size,

are not in-line with the hypothesis that social distance modulates egocentric biases in false

belief reasoning. Participants displayed an egocentric bias of similar magnitude when menta-

lising about the false belief of in-group, out-group and heterospecific protagonists. The curse

of knowledge effect size from the logit data, Cohen’s d = 0.332, in the in-group condition, was

smaller than that reported by Birch and Bloom, d = 0.469 [4]. However, when calculating the

effect size from the raw data, as per Birch and Bloom, the curse of knowledge effect, d = 0.455,

was similar to the original study.

To summarise the findings of our three experiments we then conducted, i) an internal

meta-analytic summary of the results of these three experiments and ii) a meta-analysis of

these three experiments and Todd et al. [11], to provide a best estimate for the magnitude of

the curse of knowledge and social distance effects when adults reason about the false beliefs of

human in-group and out-group protagonists [25,26]. Multivariate random-effects meta-analy-

ses were performed using the package ‘metafor’ in R 3.4.2 [27], with Knowledge and Protago-

nist as moderators, and Experiment as a random factor. The meta-analyses were performed on

logit transformed data, and the complementary analyses on raw data are presented in S1 Text.

Whenever the raw analysis differed from the logit-transformed analysis is highlighted in the

main text.

Meta-analyses

Results

The meta-analytic summary of Experiments 1, 2 and 3 revealed a significant overall Knowl-

edge effect, β (raw effect estimate, logit transformed data) = 0.36; 95% CI = [0.19, 0.53],

z = 4.20, p< 0.0001. There was no significant effect of Protagonist, β = 0.038; 95% CI = [-0.11,

0.19], z = 0.51, p = 0.61, and no significant interaction, β = -0.14; 95% CI = [-0.38, 0.09], z =

-1.19, p = 0.23. There was no evidence of any significant effects of residual heterogeneity, Q

(8) = 7.68, p = 0.47. Overall, the best estimate of the curse of knowledge effect across all condi-

tions was, Cohen’s d = 0.314. Individually, the best estimates of the curse of knowledge effect

in the in-group, Cohen’s d = 0.407 and out-group, Cohen’s d = 0.224, conditions. The pattern

of significance was the same in the raw data analysis, however effect sizes were overall larger in

the raw data analysis: overall d = 0.394, in-group d = 0.507, out-group d = 0.285.

When the data from Todd et al. ([11]: Experiment 4) were included, there was again a sig-

nificant overall Knowledge effect, β = 0.38; 95% CI = [0.22, 0.54], z = 4.70, p< 0.0001, and no

significant effect of Protagonist, M = 0.1580; 95% CI = [-0.0373, 0.3532], z = 1.5854,

p = 0.1129. By contrast to our internal meta-analysis, here the interaction term was significant,

β = -0.23; 95% CI = [-0.45, -0.0087], z = -2.04, p = 0.042. This was driven by a significant curse

of knowledge effect across the four experiments in the in-group condition, Cohen’s d = 0.428,
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95% CI (0.23, 0.63), z = 4.17, p< 0.001, but not the out-group condition, Cohen’s d = 0.145,

95% CI (-0.056, 0.34), z = 1.42, p = 0.16. By contrast, in the raw data analysis, the curse of

knowledge effect approached significance across the out-group conditions, Cohen’s d = 0.195,

95% CI (-0.014, 0.40), z = 1.83, p = 0.068. There was evidence of residual heterogeneity,

Q(12) = 44.58, p< 0.001, which justified the selection of a random effects meta-analysis, as

study specific variables between our own and Todd et al.’s studies could have influenced the

curse of knowledge or social distance effects [28].

Discussion

The internal meta-analysis of the current study does not support the hypothesis that social dis-

tance modulates egocentric biases in false belief reasoning. While the data are numerically in-

line with the prediction that participants would display smaller egocentric biases when menta-

lising about out-group, rather than in-group, members, this effect was not significant across a

large sample size (N = 872 across the conspecific conditions). To enable comparisons with pre-

vious studies, the best estimate of the curse of knowledge effect size across all conspecific con-

ditions of the current study, Cohen’s d = 0.314, was smaller than originally reported by Birch

and Bloom [4], d = 0.469, and larger than reported by Ryskin and Brown-Schmidt [12],

d = 0.20. However, when the effect size was calculated from our raw data, following the meth-

ods of Birch and Bloom, and Ryskin and Brown-Schmidt, the curse of knowledge effect size

was d = 0.507 in the in-group condition, directly in-line with Birch and Bloom.

By contrast, when the data from Todd et al. [11] were included, the social distance effect

was significant. This may suggest that an effect of social distance may be dependent on the spe-

cific relationship between perspective takers and their targets. Consistent with this idea, Mul-

len et al. reported that using more salient out-group manipulations reduced the amount of

social projection of US students onto these targets ([29], see also [30]). Hence, if the Turkish-

German out-group manipulation used by Todd et al. [11] was more salient than our Western

African–white UK/US out-group manipulation, this could explain the apparent discrepancies

in our results. There are several lines of evidence to suggest the Turkish-German out-group

may be particularly salient. For example, there is a relatively large Turkish population in Ger-

many and there are many documented cases of differences in behaviour of Germans to Turk-

ish out-group members (e.g. [31,32]). Even categorising robots as Turkish, compared with

German, has been shown to reduce favourability ratings and anthropomorphism in German

students [33]. Therefore, the difference in our own and Todd et al.’s results could be due to the

different type of out-group manipulation being used.

General discussion

This study tested i) whether adults were biased by their own privileged knowledge when rea-

soning about another’s false belief, ii) whether the magnitude of this egocentric bias was mod-

ulated by social distance and, iii) whether such a social distance effect was still observed with a

heterospecific out-group. Across three experiments, participants were biased by their own

privileged knowledge when reasoning about the false beliefs of in-group, out-group and het-

erospecific protagonists. Whilst the data were numerically in-line with the hypothesis that

increasing social distance reduces egocentric biases when reasoning about false beliefs, the

effect was not significant in i) any of the three studies individually, or ii) overall upon internal

meta-analysis. Therefore, the present data do not support the hypothesis that social distance

modulates adults’ egocentric biases when reasoning about false beliefs.

Our results suggest the social distance effect is unlikely to explain the smaller curse of

knowledge effect size observed by Ryskin and Brown-Schmidt [12], Cohen’s d = 0.20, than
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that originally reported by Birch and Bloom [4], d = 0.469. Nevertheless, the curse of knowl-

edge effect size across both conspecific conditions in the current study, d = 0.314, is larger than

Ryskin and Brown-Schmidt’s, and, across the in-group conditions, the curse of knowledge

effect was replicated with effect sizes directly in line with Birch and Bloom [4], namely

d = 0.407 from the logit transformed analysis, and d = 0.507 from the raw data analysis. There-

fore, the modified false belief task does seem to reliably elicit egocentric biases in false belief

reasoning when participants of white Western European descent mentalise about an in-group

protagonist.

Further, our finding of a significant curse of knowledge effect across the out-group condi-

tions of the current study suggest egocentric intrusion might not be limited to mentalising

about in-group members. This diverges from some of the previous literature, in which either

no, or negative, egocentric biases were observed when adults reasoned about the preferences

[6], visceral states [16], knowledge [11] or traits [13] of out-group members and dissimilar oth-

ers. In particular, that our results contrasted with Todd et al.’s [11], who used a highly similar

paradigm to us, suggests that the specifics of an in-group/out-group relationship may influence

whether participants are egocentrically biased when mentalising about an out-group member.

That participants do sometimes display egocentric biases when mentalising about out-

group members is not unexpected. For example, a small degree of egocentric intrusion when

reasoning about out-group members is often reported in studies examining social projection

[30]. However, in contrast to our findings, the degree of social projection is significantly

smaller towards out-group members, compared with in-group members, across these studies

[30]. This reinforces the possibility that the degree of egocentric intrusion experienced when

taking the perspective of out-group members is both task and situation dependent. For exam-

ple, it is possible that different mechanisms are used across different facets of Theory of Mind,

and these may vary with social distance. In-line with this suggestion, Ames [34] showed that

participants engaged in more stereotyping, and less self-projection, when judging the attitudes

and desires of a protagonist perceived to be dissimilar to them.

That the salience of an out-group could modulate the effects of egocentric intrusion in The-

ory of Mind highlights the importance of using multiple out-groups before results can be inter-

preted as a general feature of intergroup cognition. Further, with accumulating evidence that

socio-cultural factors may influence perspective taking [11,13,17,35–37], results from one par-

ticipant base may not generalise to another. Such cultural differences in participant bases

might explain some of the difference in the curse of knowledge effect size between our data

and Ryskin and Brown-Schmidt’s [12]. As well as being ethnically heterogenous, their sample

was likely more culturally heterogeneous than our own. Conversely, it is perhaps unlikely that

a single factor such as culture is sufficient to explain all of the difference between our results

and Ryskin and Brown-Schmidt’s, as the two studies differed in more than just the culture and

ethnicity of the participants. For example, participants’ experience with psychological tests, or

proficiency in English, may have differed between our white UK/US sample and Ryskin and

Brown-Schmidt’s sample of either undergraduates in the United States, or Amazon Mechani-

cal Turk workers from the United States, and these in turn could have influenced the magni-

tude of any egocentric bias.

Also warranting further investigation is which factors contribute to making an out-group

‘salient’, particularly with regards to modulating egocentric intrusion in Theory of Mind. A

host of correlated features, such as likeability, similarity, familiarity and group-membership

have been proposed as potential modulators of egocentric intrusion (see [13] for discussion).

These features are difficult to disentangle using human out-groups, although recent studies

suggest inter-personal dissimilarity may account for reductions in social projection [13,17].

However, the presence of an egocentric bias in the heterospecific condition in the current
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study suggests that inter-agent dissimilarity is not on its own sufficient to reduce egocentric

biases when reasoning about false beliefs. Furthermore, such heterospecific protagonists may

offer a unique method to test and validate theories of perspective taking. As examples, hetero-

specific protagonists may, i) facilitate the dissociation of the impacts of likeability, similarity,

familiarity and group-membership on egocentric biases in Theory of Mind, ii) offer a window

to minimise the effect of socio-cultural factors on participants while still using an animate pro-

tagonist, and iii) provide an interesting contrast between inanimate non-anthropomorphised

stimuli, such as arrows (e.g. [38]), inanimate anthropomorphised stimuli, such as robots (e.g.

[33]), and animate human protagonists.

Conclusions

Egocentric biases in false belief reasoning were reliably observed across three conceptual repli-

cates of the Birch and Bloom [4] modified false belief task, when US and UK adults mentalised

about in-group, out-group and heterospecific protagonists. These findings are not in-line with

the hypothesis that the magnitude of such biases is modulated by social distance [10,11], and

suggest inter-agent dissimilarity alone is not sufficient to modulate egocentric biases when rea-

soning about false beliefs.
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