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Abstract
Perspective-taking ability is crucial for supporting social interactions. It has been widely suggested that the calculation of an
individual’s perspective is spontaneous. Nevertheless, people typically engage with more than one individual, and computing
what individuals in a crowd see is important. The current study explored whether people spontaneously compute the perspectives
of individuals displayed in a crowd. The classic visual perspective-taking task was adopted, but the picture of the room was
presented with four human avatars facing two walls. The results showed that if the crowd of individuals was treated as a high
entitative group, when none of the perspectives of the individuals contained the same number of discs as that from the perspective
of the participant, the judgment of the participant’s perspective was slower than when a proportion of the perspectives of the
individuals displayed in the crowd were consistent with the participant’s perspective, even if the perspectives of the multiple
individuals in a crowd were not explicitly noticed. This altercentric intrusion effect was not present when the crowd had low
entitativity. These findings were replicated by using different methods to operationalize group entitativity. Hence, this study
demonstrates that spontaneously tracking the perspectives of individuals displayed in a crowd has a boundary condition and that
people can spontaneously compute what individuals in high entitative groups see.
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Introduction

In everyday life, what others see is usually different from our
view of the surroundings; therefore, the ability to compute and
determine someone else’s perspective is fundamental to en-
suring success in social interactions (Sebanz, Bekkering, &
Knoblich, 2006). This visual perspective-taking ability has
been suggested to be present from very early development
(Kovács, Téglás, & Endress, 2010; Samson, Apperly,
Braithwaite, Andrews, & Bodley Scott, 2010; Ward, Ganis,
& Bach, 2019), and deficits in this ability lead to serious
problems in adulthood (Hamilton, Brindley, & Frith, 2009;
Todd & Simpson, 2016). Hence, how perspective taking
works has attracted much attention from researchers.

Previous research has demonstrated through a wide range
of procedures that the calculation of an individual’s perspec-
tive is implicit and automatic rather than cognitively demand-
ing (Apperly & Butterfill, 2009; Apperly, Riggs, Simpson,
Chiavarino, & Samson, 2006; Kovács et al., 2010; Qureshi
et al., 2010; Samson et al., 2010; Ward et al., 2019). One of
these procedures, referred to as the visual perspective-taking
task, has been used in a systematic way to examine spontane-
ous computation of what others can see (i.e., Level 1
perspective taking; this contrasts with Level 2 perspective
taking, which involves processing how someone else sees a
particular stimulus; Mattan, Quinn, Apperly, Sui, &
Rotshtein, 2015; Qureshi et al., 2010; Samson et al., 2010;
Santiesteban, Catmur, Hopkins, Bird, & Heyes, 2014). In this
task, participants view a picture of a room with an individual
avatar facing one of the walls that has discs displayed on the
walls. The number of discs from the avatar’s perspective may
or may not be consistent with the participant’s perspective.
Using this task, it was found that even when the avatar’s
perspective was not explicitly emphasized, the avatar’s per-
spective interfered with participants’ explicit judgments about
the relevant perspective (i.e., altercentric intrusion effect;
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slower response times in the inconsistent compared to the
consistent condition), indicating that computing another’s per-
spective is spontaneous. Importantly, in a dual-task paradigm,
the secondary task (e.g., making a response when hearing two
auditory tones) did not affect the calculation of other individ-
uals’ perspectives (Qureshi et al., 2010), and the time pressure
did not disrupt the Level-1 visual perspective calculation
(Todd, Simpson, & Cameron, 2019). Further evidence has
suggested that this visual perspective-taking task could reflect
social processes instead of low-level stimulus feature effects
or associations, as participants are sensitive to whether the
avatar was able to see the discs (Furlanetto, Becchio,
Samson, & Apperly, 2015). Specifically, the altercentric in-
trusion effect was found only when the goggles of an avatar
were apparent but not when they were opaque.

In the above efforts, an isolated individual was the target of
the computation in the visual perspective taking task.
However, individuals are typically embedded in crowds, and
crowds largely influence our interactive behaviors (Cracco &
Cooper, 2019; Gallup et al., 2012; Moussaïd et al., 2016).
When faced with multiple individuals, each individual holds
a discrete perspective, and multiple competing perspectives
may be involved, especially if some individuals see a target,
while the other individuals do not. There have been few in-
vestigations of how people compute these divergent perspec-
tives displayed by a crowd of individuals. For example, do
people spontaneously compute (some of) the perspectives of
the individuals displayed in a crowd?

Intuitively, when considering the spontaneous computation
of a single individual’s perspective, it might be expected that
multiple perspectives of individuals displayed in a crowd
could also be calculated automatically (here, we do not refer
to all individuals’ perspectives, but some perspectives are pos-
sible, such as those of the individuals in a crowd who see a
target). This intuitive hypothesis was consistent with recent
studies. Though rarely about perspective taking, experiments
have suggested that individuals in a crowd are automatically
processed with regard to their actions, gaze orientations, and
so on (Capozzi, Bayliss, & Ristic, 2018; Cracco, & Cooper,
2019; Cracco, de Coster, Andres, & Brass, 2016; Sun, Yu,
Zhou, & Shen, 2017). For instance, observingmultiple actions
activated mirror neuron systems more than a single action
(Cracco et al., 2016), and when multiple gaze cues diverge
in a crowd, the observers followed the gaze orientation
displayed by most individuals (Capozzi et al., 2018).
However, understanding actions and following gazes do not
mean that what individuals see has been computed, as the
perspective has its referred content, mostly located in the sur-
roundings (Apperly & Butterfill, 2009). Importantly, one
study directly explored perspective taking for multiple indi-
viduals. Capozzi et al. (2014) modified the classic
perspective-taking task by including two avatars. In their ex-
perimental setting, the participant and the avatar would

sometimes see the same number of discs (consistent perspec-
tive) and sometimes see a different number of discs (the ava-
tars were unable to see some of the discs visible to the partic-
ipant; inconsistent perspective). It was found that when these
two avatars had conflicting perspectives (e.g., one of them
looking at discs but the other looking at an empty wall), the
altercentric intrusion effect disappeared. Hence, the individ-
uals’ discrepant perspectives may not be spontaneously
tracked, which was not consistent with the intuitive hypothe-
sis. Therefore, caution should be taken before concluding that
spontaneously calculating one individual’s perspective ex-
tends to calculating multiple perspectives.

With regard to individuals in a crowd, the efficiency of
processing has been largely suggested to be dependent upon
the group entitativity formed by them, that is, the degree to
which a crowd of individuals is perceived as a unified group
(Crawford, Sherman, & Hamilton, 2002; Ding, Gao, & Shen,
2017; Hamilton & Sherman, 1996; Yin, Ding, Zhou, Shui, Li,
& Shen, 2013; Yin, Xu, Duan, & Shen, 2018). For example,
the transference of traits from one group member to other
group members was stronger in high-entitative groups than
in low-entitative groups (Crawford et al., 2002). Importantly,
even when one of the members in a group was asked to be
selected, the other was automatically selected as well (Yin
et al., 2018), that is, binding individuals into groups leads to
faster processing and enhanced memory of interacting part-
ners (Ding et al., 2017; Vestner, Tipper, Hartley, Over, &
Rueschemeyer, 2019). Hence, the efficiency of processing
individuals’ features can be enhanced when these individuals
are treated as an actual group, which is a process similar to
perceptual grouping (Vestner et al., 2019; Yin et al., 2018). In
this case, given that group entitativity determines the
“groupness” of individuals and perspectives are considered
social properties of individuals, we hypothesized that group
entitativity would modulate whether people spontaneously
calculate the perspective of individuals displayed in a crowd.
Specifically, when a crowd of individuals has high group
entitativity and given that individuals in this group can be
simultaneously selected and efficiently processed, the per-
spective of at least some of the individuals displayed in the
crowd would be spontaneously computed and subject to
showing the altercentric intrusion effect (i.e., some perspec-
tives of the individuals displayed in a crowd interfere with the
participant’s perspective). However, when a crowd of individ-
uals has low group entitativity, given that the individuals in
this group are more likely to be independently selected, the
perspectives of some individuals displayed in this crowd
would be not simultaneously tracked and, thus, show none
of the altercentric intrusion effects.

To test the above hypothesis, this study adopted a sim-
ilar visual perspective-taking task to that of Capozzi et al.
(2014), and presented a crowd of human avatars facing
different walls of a room (see Fig. 1). The condition of
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consistent perspective was set such that some of the mul-
tiple individual perspectives and the participant's perspec-
tive had the same number of discs; the condition of incon-
sistent perspective was set such that none of the perspec-
tives from the individuals contained the same number of
discs as that from the perspective of the participant. To
ensure the replicability of the conclusion, we used two
methods – language labels (Explement 1) and visual cues
(Experiment 2) – to manipulate group entitativity. The
spontaneous computation of what individuals in a crowd
see would lead to a slower response under the inconsistent
perspective condition than under the consistent perspective
condition.

Experiment 1

This experiment followed the same visual perspective-
taking task as Capozzi et al. (2014), with the exception that
the picture of the room was presented with four human
avatars facing two of the walls. The reason why we
adopted this setting was that at least three persons were
usually used to manipulate the group information
(Gaertner & Insko, 2000; Petersen & Blank, 2003). With
two avatars facing each side wall (the back wall was not
used as the avatar’s perspective was not clear from partic-
ipant’s view), different views can be formed and have
equal salience regarding the number of avatars with differ-
ent perspectives; otherwise, participants’ attention would
be oriented to the perspective that involved more persons.

Methods

Participants Twenty-four participants (10 males and 14 fe-
males) between 17 and 25 years of age (M = 20.04, SD =
2.05) were recruited on campus and paid approximately $3
to participate in this experiment. The sample size was deter-
mined by a power analysis using G*Power 3.1 (Faul,
Erdfelder, Buchner, & Lang, 2009). We ran a pilot study in
which only the condition of the high entitative group was
included by presenting four similar static avatars, recruited
24 valid participants, and obtained a medium effect size (ηp

2

= 0.22 in SPSS; consistent perspective vs. inconsistent per-
spective). To be conservative, a medium effect size as recom-
mended by Cohen (1988; f = 0.25, ηp

2 = 0.15 with the option
“as in SPSS” in G*Power) was expected. With this expected
effect size, an alpha level of .05, power of .80, and a 2 × 2
within-subjects design, the suggested sample size was 24 in-
dividuals. This sample size was also close to that of a previous
study that explored perspective taking for multiple individ-
uals, with a sample size of 22 (Capozzi et al., 2014). As both
experiments conducted a 2 × 2 within-subjects design, 24
valid individuals in each experiment were recruited. All par-
ticipants were right-handed, had normal or corrected-to-
normal vision, and were naïve about the purpose of the exper-
iment. All participants received information sheets about the
experimental procedure and signed informed consent forms
after learning the purpose and procedure of the experiment.
The experimental protocol was approved by the Institutional
Review Board at the Department of Psychology of the au-
thors’ university. In all experiments, we report all measures,

Fixation Blank screen Which 
perspective

Blank screen Blank screenCompared 
digit

Group 
entitativity

Blank screen Response

+ 2 Video

750 ms 500 ms sm005sm057sm005sm057 5800 ms 2000 ms500 ms
a

Group entitativity

Perspective consistency Perspective consistency

Consistent Inconsistent Consistent Inconsistent

b
I am a member of group A; 

I am also a member of group A; 

I am also a member of group A;

I am also a member of group A.

I am a member of group B; 

but I am a member of group C; 

but I am a member of group D; 

but I am a member of group E.

Low High

Fig. 1 Overview of the experimental procedure and conditions where (a) represents an example trial sequence of experiment, and (b) shows how the
group entitativity was manipulated and how each condition was conceptualized in Experiment 1
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manipulations, and exclusions. All materials and data can be
a c c e s s e d a t h t t p s : / / o s f . i o / f p 49 e / ? v i ew_on l y=
474d334ecd11433e95cab94d16f64c7c. None of the
experiments was preregistered.

Apparatus and stimuli The stimuli were all presented on a
gray background using a 19-in. cathode ray tube monitor
(1,024 × 768 pixel resolution; 100-Hz refresh rate) at a 60-
cm viewing distance using PsychoPy (Peirce et al., 2019).

The stimuli consisted of a picture showing a lateral view
into a roomwith the left, back, and right walls visible and with
red discs displayed on walls (each subtending 1° × 1°). The
three-dimensional (3D) human avatars were created with
Poser 11 software and had different faces and postures but
were the same gender and wore the same clothes (see Fig.
1). The avatars were positioned at the center of the room and
equally distanced from each other. They stood back-to-back in
pairs, such that two avatars faced the left wall and two faced
the right wall. Female participants were presented with female
avatars, and male participants were presented with male
avatars.

To achieve a consistent perspective condition, all discs
were placed on either the left or right wall, i.e., two avatars
saw the same discs as the participants, and two avatars saw
nothing. Under the inconsistent perspective condition, one
disc was placed at the back wall, and accordingly, none of
the avatars could see the disc, which resulted in none of the
avatars seeing the same discs as the participants. To match this
setting under the condition of an inconsistent perspective, for
the remaining discs, two avatars could see the discs, and two
avatars could not. The position of the avatars was kept con-
stant across trials, but the position and number of discs
changed. The pairing of discs with the avatars’ perspectives
is shown in Figure S1.

Procedure and design Each trial started with the presentation
of a fixation cross for 750 ms (see Fig. 1). After 500 ms, the
word “你” (i.e., you) was presented for 750 ms, instructing the
participants to judge how many discs could be seen from their
own perspective. Following this display, a digit (0–3) ap-
peared for 750 ms, which specified the perspective content
for the participant to verify. Then, an animation lasting
5,800 ms was presented to show different manipulations of
group entitativity, similar to the procedure of Ting, He, and
Baillargeon (Ting, He, & Baillargeon, 2019). After an interval
of 500 ms, the picture of the room appeared and remained on
the screen until a response was made within 2 s. The partic-
ipants were asked to report whether the number of discs
from their own perspective matched the digit previously
presented as quickly as possible by pressing the “Left
Arrow” or “Right Arrow” button on a standard key-
board. The next trial was initiated after a 1.5- to 2.5-s
intertrial interval.

In 50% of the trials, the animation contained a high
entitative group, in which four avatars were pointed at by an
arrow one by one, accompanied by identical language labels
(i.e., “I am a member of group A; I am also a member of group
A; I am also a member of group A; I am also a member of
group A”). In the other 50% of trials, the animation contained
a low entitative group, in which four avatars were pointed at
by an arrow in sequence but accompanied by different lan-
guage labels (i.e., “I am a member of group B; but I am a
member of group C; but I am a member of group D; but I
am a member of group E”).

In each type of group entitativity, in 50% of the trials, some
of the multiple perspectives can see the same number of discs
as that from the perspective of participant (i.e., consistent per-
spective condition); in 50% of the trials, none of multiple
perspectives had the same number of discs as that from the
perspective of the participant (i.e., inconsistent perspective
condition). On matching trials, the digit specifying the per-
spective content always corresponded with the number of
discs seen from the participant’s perspective. On mismatching
trials, the number of discs seen from the participant’s perspec-
tive was different from the digit presented. For each group
entitativity condition, there were 48 matching trials with 24
consistent perspective trials and 24 inconsistent perspective
trials. There were 48 mismatching trials with 24 consistent
perspective trials and 24 inconsistent perspective trials.
Based on previous studies (Samson et al. , 2010;
Santiesteban, et al., 2014), we also added 16 filler trials where
no discs were displayed on the wall so that “0” would also
sometimes be the correct answer; each group entitativity con-
dition had 8 filler trials. These filler trials included an equal
number of consistent and inconsistent trials and matching and
mismatching trials. The trials were divided into four blocks of
52 test trials (48 test trials and 4 filler trials). The order of the
trials within a block was completely randomized. The formal
experimental trials were preceded by a block of 26 practice
trials. Participants completed the whole experiment within 30
min.

Considering that mismatching trials were included to bal-
ance the trials, as all previously published studies emphasized
(Samson et al., 2010; Santiesteban, et al., 2014; Ramsey,
Hansen, Apperly, & Samson, 2013), we analyzed perfor-
mance only during the matching trials. In this case, the exper-
iment formed a 2 (group entitativity: low vs. high) × 2 (per-
spective consistency: consistent vs. inconsistent) within-
subjects design. The response time was analyzed with
repeated-measures analysis of variance (ANOVA) after ex-
cluding trials with wrong responses and response times more
than 2.5 standard deviations (SDs) from the mean (exclusion
rate = 7.29%). This exclusion method was based on previous
studies (Furlanetto et al., 2015; Surtees, Apperly, & Samson,
2013). See the supplementary information for an analysis of
the accuracy of the data. In addition to the traditional null
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hypothesis significance testing procedure, we conducted
Bayesian analyses (Cumming, 2014) to compute the ratio of
the likelihood probability of two competing hypotheses. We
computed the Bayes Factor (BF10, H1/H0 as computed here)
using JASP software (JASP Team, 2020). In the Bayesian
analysis, BF10 < 0.33 suggests substantial evidence against
between-condition differences, while BF10 > 3.00 suggests
substantial evidence supporting between-condition differ-
ences. Values between 0.33 and 3.00 are considered inconclu-
sive (Dienes, 2014).

To verify the manipulation of group entitativity, after com-
pleting the perspective-taking task, the participants were asked
to watch the animations presenting different levels of
entitativity and evaluate whether the avatars looked like a
unified group (i.e., group entitativity; Campbell, 1958) using
three items. These three items were established according to
the definition and characteristics of a social group
(Morewedge et al., 2013). Generally, a social group consists
of at least three persons who are similar to each other, have a
collective interest, and depend on each other. Hence, the par-
ticipants were asked to evaluate the group entitativity based on
whether the four avatars in the animation (1) were similar to
each other, (2) had a collective interest, and (3) depended on
each other; the evaluation was rated on a 7-point scale (1 = not
at all, 7 = very much). The order of presentation of the differ-
ent animations was counterbalanced across participants. It was
found that the group’s entitativity was evaluated as greater in
the condition of high entitativity (M = 4.89, SD = 0.77) than in
the condition of low entitativity (M = 3.88, SD = 0.93), t(23) =
4.26, p < 0.001, Cohen’s d = 0.87, 95% CI of mean difference
= [0.52 1.51], BF10 = 101.94.

Results

The dependent variable was the reaction time for judging the
number of discs from one’s own perspective (Fig. 2). We
analyzed these reaction times using 2 × 2 repeated-measures
ANOVA with group entitativity (low vs. high) and perspec-
tive consistency (consistent vs. inconsistent) as within-subject
variables. It was revealed that both the main effect of perspec-
tive consistency (F(1, 23) = 4.99, p = 0.035, ηp

2 = 0.18, BF10
= 2.27) and the interaction effect between the two factors (F(1,
23) = 11.02, p = 0.003, ηp

2 = 0.32, BF10 = 3.76) were signif-
icant, but the main effect of group entitativity was not signif-
icant, F(1, 23) = 0.03, p = 0.872, ηp

2 < 0.01, BF10 = 0.24. The
analysis of simple effects showed that when the group
entitativity was high, if none of the multiple perspectives
was consistent with the participant’s perspective, the partici-
pants were slower (M = 587 ms, SD = 82) to confirm how
many discs they (i.e., the participants) observed than if some
of the multiple perspectives (i.e., at least one) were consistent
with the participant’s perspective (M = 566 ms, SD = 64),
t(23) = 3.79, p = 0.001, Cohen’s d = 0.77, 95% CI of mean

difference = [10, 33], BF10 = 36.39. However, no such effect
was found when the group entitativity was low (consistent
perspective: M = 576 ms, SD = 64; inconsistent perspective:
M = 576 ms, SD = 70), t(23) = 0.08, p = 0.938, Cohen’s d =
0.02, 95% CI of mean difference = [-12, 11], BF10 = 0.22.
Hence, the altercentric intrusion effect was found for the irrel-
evant perspectives of individuals from the high-entitative
group, suggesting that multiple perspectives in high-
entitative groups are spontaneously computed.

Experiment 2

To further examine the replicability of the findings in
Experiment 1, we used a new method to operationalize group
entitativity by varying the visual information indicating
entitativity, such as common fate among individuals
(Campbell, 1958; Lakens, 2010).

Methods

Twenty-four new students ( 9males and 15 females) between
18 and 24 years of age (M = 20.50, SD = 2.28) who did not
participate in Experiment 1 were paid approximately $3 to
participate in this experiment. The stimuli and the procedure
were the same as those of Experiment 1, with the exception of
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Fig. 2 Mean reaction times in Experiment 1 as a function of group
entitativity and perspective consistency. Error bars indicate within-
subject 95% confidence intervals. The asterisk represents a significant
difference in reaction times between the conditions

883Psychon Bull Rev (2021) 28:879–887



the animations used to operationalize group entitativity and
their durations (see Fig. 3). These animations lasted
6,500 ms presented different visual cues about group
entitativity, similar to those of Powell and Spelke (2013). In
50% of the trials, an animation was shown with a high
entitative group, in which four avatars first turned to the front
of the screen and stood on a horizontal line. Then, all of them
turned to the right and made synchronized movements around
a circular path. In the other 50% of the trials, an animation was
shown with a low entitative group in which the four avatars
moved independently in different paths and directions. Hence,
this experiment was also a 2 (group entitativity: low vs. high)
× 2 (perspective consistency: consistent vs. inconsistent)
within-subjects design. The same method as Experiment 1
was adopted to exclude trials before computing response
times, and 7.03% of trials were finally excluded.

After completing the perspective-taking task, the partici-
pants were asked to evaluate group entitativity for the four
avatars in the animations displaying different levels of group
entitativity, as was done in Experiment 1. The analysis re-
vealed that the participants evaluated the group entitativity
higher in the condition of high group entitativity (M = 5.04,
SD = 0.92) than in the condition of low group entitativity (M
=2.39, SD = 0.89), t(23) = 11.61, p < 0.001, Cohen’s d = 2.37,
95% CI of mean difference = [2.18, 3.13], BF10 = 2.15×108.
Hence, this manipulation was valid.

Results

We analyzed the reaction times using 2 × 2 repeated-measures
ANOVA with group entitativity (low vs. high) and perspec-
tive consistency (consistent vs. inconsistent) as within-subject
variables. Similar to Experiment 1 (Fig. 4), we found that both
the main effect of perspective consistency (F(1, 23) = 7.21, p
= 0.013, ηp

2 = 0.24, BF10 = 4.52) and the interaction effect
between the two factors (F(1, 23) = 13.36, p = 0.001, ηp

2 =
0.37, BF10 = 12.57) were significant, but the main effect of

group entitativity was not significant, F(1, 23) = 0.04, p =
0.850, ηp

2 < 0.01, BF10 = 0.23. The analysis of simple effects
showed that when the group entitativity was high, if the num-
ber of discs from any of the perspectives of the individuals
displayed in this crowd was inconsistent with the participant’s
perspective, the participants were slower (M = 576 ms, SD =
81) to confirm how many discs they (i.e., participants) ob-
served than if the number of discs from some individuals’
perspectives was consistent (M = 559 ms, SD = 63), t(23) =
3.88, p = 0.001, Cohen’s d = 0.79, 95% CI of mean difference
= [8, 30], BF10 = 44.35. Meanwhile, no such effect was found

Standing on a horizontal line, turning right 
and making a circular motion
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right place
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Fig. 3 How the group entitativity was manipulated in Experiment 2
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Fig. 4 Mean reaction times in Experiment 2 as a function of group
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when the group entitativity was low (consistent perspective:M
= 567 ms, SD = 74; inconsistent perspective:M = 567 ms, SD
= 77), t(23) = 0.26, p = 0.801, Cohen’s d = 0.05, 95% CI of
mean difference = [-8, 6], BF10 = 0.22. Again, the findings
suggested that the participants spontaneously computed what
the individuals displayed in the high entitative group see.

Discussion

The current study explored whether people spontaneously
compute the perspective of (some) individuals displayed in a
crowd. It was found that if the crowd of individuals was treat-
ed as a high entitative group, when the number of discs from
any of the perspectives of the individuals displayed in this
crowd was inconsistent with that of the participant’s perspec-
tive, the judgment of the participant’s perspective was slower
than that when a proportion of the perspectives of the individ-
uals displayed in this crowd were consistent, even if the mul-
tiple perspectives were not explicitly noticed. This altercentric
intrusion effect was not present when the crowd had low
entitativity. Furthermore, these findings were replicable when
using different methods to operationalize group entitativity.
Hence, this finding demonstrates that spontaneously comput-
ing the perspectives of individuals displayed in a crowd has a
boundary condition and that people can spontaneously com-
pute what individuals in high entitative groups see.

Nevertheless, it is unclear whether our findings fully sup-
port our conclusion. First, because the disc on the back wall
was always placed in the inconsistent condition (see Fig. 1)
and never in the consistent condition, it may be argued that
this perceptual cue led to the critical difference between these
two conditions. The same perceptual differences were used in
low- and high-entitativity conditions. However, only the per-
spectives displayed by the individuals in the high-entitative
group, who were likely to be treated as a unified group, were
spontaneously computed, thereby excluding the perceptual
explanation. Second, this findingmay simply indicate a failure
to replicate the basic effect of perspective taking. However, in
the trials mixed with the conditions in which the crowd had
high entitativity, it was rarely probable to only focus on the
latter trials and, thus, fail to compute what the others see only
when the crowd had low entitativity. Moreover, the reaction
times did not significantly differ across the different group
entitativity conditions, which, to some extent, suggests that
both settings have the same salience. Hence, the different ef-
fects between the low-entitativity and high-entitativity condi-
tions largely reflect that computing the perspectives of indi-
viduals displayed in a crowd is modulated by the group
entitativity. Finally, it could be argued that only one individual
facing the discs was tracked from his/her perspective. It is
possible because this computed output can also interfere with
the participant’s perspective. However, this argument does not

contradict our conclusion, as we claimed that only a propor-
tion of individuals’ perspectives were computed and not all of
them. It is possible that the number of spontaneously tracked
perspectives has a bottleneck, which needs to be addressed in
the future. Regardless of the mechanism, our findings support
the idea of the spontaneous computation of what (some) indi-
viduals in a high entitative group see.

This study extends the target of perspective taking from
one individual to multiple individuals in a crowd (Apperly
& Butterfill, 2009; Kovács et al., 2010; Ward et al., 2019;
Wu, Street, Richardson, Street, & Kirkham, 2010).
However, the spontaneity of this process has its boundary
condition when extended to multiple perspectives and de-
pends upon the entitativity of the displayed crowd of individ-
uals. To some extent, this conclusion implies that the process-
ing of others’ perspectives is partially automatic, in accor-
dance with the research of Capozzi et al. (2014). In their study,
when the avatars had converging lines of sight, their perspec-
tives interfered with the participant’s perspective, whereas
when they had conflicting perspectives (e.g., one avatar
looked at discs but the other looked at an empty wall), the
altercentric intrusion effect disappeared. In our study, at a
global level, the avatars’ perspectives were competing, al-
though a proportion of them converged to the same discs,
but we still found that altercentric intrusion was apparent with
the high-entitative group. It is possible that in the study by
Capozzi et al. (2014), avatars with diverging perspectives
may be considered a low-entitative group, showing the same
null effect that the current study revealed. If this is the case, the
factor that determines the boundary of spontaneously process-
ing others’ perspectives is not the convergence of multiple
perspectives but the entitativity of a group that contains mul-
tiple individuals.

Whether the spontaneous perspective-taking effect (e.g.,
the altercentric intrusion effect) truly reflects the social
mentalizing nature of tracking perspectives remains contro-
versial (Conway, Lee, Ojaghi, Catmur, & Bird, 2017;
Marshall, Gollwitzer, & Santos, 2018; Ramsey et al., 2013;
Santiesteban et al., 2014; Todd et al., 2019; Ward et al. 2019).
Some scholars believe that this effect simply reflects a
domain-general process as the effect was unaltered when the
avatar was replaced with an inanimate arrow stimulus
(Conway et al. 2017; Santiesteban et al., 2014). Although
the current study did not aim to address this debate, it docu-
ments that the social nature of processing perspectives can be
manifested in this effect as the social information of group
entitativity alters the altercentric intrusion effect. This obser-
vation may indicate how the individuals embedded in a con-
text would change the portent of perspective taking, and the
previous findings should be further examined while control-
ling the contexts. Furthermore, the ability to spontaneously
track individuals’ perspectives provides a new avenue for un-
derstanding “groupthink,” which may serve as a cognitive
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process to rapidly trace the group’s mind when engaging with
a cohesive group. When individuals’ perspectives are available,
it would be easy to identify what individuals in the group agree
with andwhat information the group has obtained. The finding of
spontaneously computing the perspective of individual displayed
in a high-entitative group has its functional adaptation. It has been
suggested that the ability of perspective taking is adapted to form
shared reality with others (Hodges, Denning, & Lieber, 2018).
High-entitative groups are usually created to maintain high co-
hesion and pursue a common goal, and accordingly, the shared
reality across members is necessary. This driving force may lead
participants to efficiently calculate what the individuals in a high
entitative group see. In this case, the individuals’ perspectives can
be immediately available, and the commonness across members
could easily be extracted to create shared reality.

Additionally, future studies could investigate whether the num-
ber of persons in a group influences the computation of the group’s
perspective to examine the generalization of the current conclu-
sion. Due to space limitations in the visual scene, the current study
used only four avatars, which is within the capacity of visual
working memory (Luck & Vogel, 2013). Future research could
place more avatars in the visual scene and give each avatar differ-
ent viewing contents. Additionally, we presented conditions in
which a proportion of individuals see discs but the other individ-
uals see nothing to simulate what people usually face in daily life
and to be able to match the experimental displays. However, indi-
viduals in a crowd often see their own targets but with different
contents. For example, in a crowd two individuals see two objects,
and two individuals see one object. Future studies could adopt this
setting to test the generalizability of the current conclusion. As a
null effect was found under the condition of low entitativity, it is
important to replicate this finding using other designs andmethods
– for instance, manipulating the number of individuals in the
crowd, and find whether there are boundary conditions of the
effect reported.

In conclusion, our results suggest that spontaneously cal-
culating the perspectives of individuals displayed in a crowd
has a boundary condition and that people can spontaneously
compute what individuals in high entitative groups see. This
ability might be a core cognitive process to understanding
crowd behaviors and guide social activities in humans.
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