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An important component of Theory of Mind is the ability to understand the beliefs (true or false) of others.
Arguably the most widely-held view is that this is performed by a detached belief-representation process (e.g.,
metarepresenting that another agent has a belief about the world which one does not share). The standard belief-
representation account posits a separation between one’s own first-order representations of the physical envi-
ronment and one’s second-order representations of another agent’s mental states, preventing the latter from
infecting the former. An alternative process is engaged belief-simulation (e.g., imaginatively adopting another
agent’s belief about the world) which, in contrast to standard belief-representation, posits a correspondence in
the mental states shared by oneself and another agent and predicts an influence of the other agent’s beliefs on
one’s own first-order representations and egocentric actions. In the first two of three studies, a participant and an
agent watched an object buried in a continuous space (sandbox). The participant then watched the same object
moved from the first location to a new location. When participants were asked to search for the object, they
demonstrated a bias towards the first location when the agent falsely believed the object to be there but not when
the agent knew, like the participant, that the object was in the new location. Reasoning that the strength of this
bias may have been limited by participants’ knowledge of the object’s true whereabouts, in a third and final
study we hid the movement of the object so that participants did not know its true location. We also recruited a
greater number of participants to increase statistical power. Contrary to expectations, there was now no evidence
of belief infection. Overall, these results are more consistent with a belief-representation account for (human)
adults’ understanding of others’ belief states.

1. Introduction Kovacs et al., 2010; Krupenye et al., 2016; Lurz et al., 2022; Onishi &

Baillargeon, 2005). This ability to understand the unobservable mental

In the classic false-belief paradigm, a child watches an agent hide an
object in one location before it is moved to a new location without the
agent’s knowledge. The child is then asked to say where the agent thinks
the object is located, with the correct answer being the original location,
not the new location where the participant knows the object to be hid-
den (Baron-Cohen et al., 1985; Wimmer & Perner, 1983). Children
typically pass this task around the age of four (Wellman et al., 2001);
although, in the last decade or so, evidence has emerged that children as
young as seven months, as well as nonhuman primates, demonstrate an
implicit understanding of others’ (false) beliefs (Hayashi et al., 2020;
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states of others is usually referred to as ‘Theory of Mind’” (Premack &
Woodruff, 1978) or ToM and is considered a bedrock of our ability to
interact and communicate with others (Baron-Cohen, 1997; Clark &
Brennan, 1991; Sperber & Wilson, 2002; Tomasello et al., 2005). Pre-
cisely how humans process others’ beliefs, however, is not yet clear.

1.1. Standard belief-representation

Arguably the most widespread view of how humans process others’
beliefs is that of belief-representation, which concerns the
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representation of another agent’s belief as such — for example, Agent
believes that [the gold is buried in the west side of the yard] (Cosmides &
Tooby, 2000; Kovacs et al., 2021; Perner, 1991). By being about another
agent’s mental state of believing, belief representation is different from a
first-order belief about the physical state of the world (e.g., that the gold
is buried in the west side of the yard), which is what guides one’s own
egocentrically driven actions towards the environment. Instead, a rep-
resentation of another’s belief is a second-order representation — a
representation of a representation, or metarepresentation (Perner, 1991;
Pylyshyn, 1978). Crucially, according to the standard belief-
representation account, since the belief (mental state) that the gold is
in the west side of the yard is attributed to the agent, it should not in-
fluence one’s own first-order representations about the physical state of
the world (Lurz et al., 2022). For example, if one wants to find the gold
and believes (or knows) that it is buried in the east side of the yard, one’s
first-order representational state that the gold is in the east side of the
yard guides one’s egocentric search for the gold in the east side of the
yard. If, on the other hand, one also knows that another agent mistak-
enly believes the gold is buried in the west side of the yard, then one’s
second-order representational state about the other agent’s belief
(mental state) may allow one to predict that the agent will search in the
west side of the yard, but it does not cause oneself to search in the west
side of the yard (see Fig. 1, left panel). In effect, metarepresentations
keep separate (“quarantine”) the attitudes and content attributed to
others from one’s own first-order beliefs about the environment
(Cosmides & Tooby, 2000; Frith et al., 1991). Thus, on the standard
meta-representational theory, belief attributions are not predicted to
influence a subject’s own egocentrically driven actions towards the
environment.
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1.2. Belief-simulation

The principal alternative to standard belief-representation is the
belief-simulation account (Gallese & Goldman, 1998; Goldman, 2006;
Gordon, 1986). According to this view, the mental states of other agents
are not represented as such but are vicariously experienced or imper-
sonated. In “low-level” simulation, this occurs automatically and
implicitly without any metarepresentational processes involved. In
“high-level” simulation, it can be deliberative and may generate a
second-order representation by running the pretend state through one’s
own cognitive processing, then taking the outcome state back “off line”
and attributing it to the agent in question to predict the agent’s
behaviour (Goldman, 2006; Goldman & Jordan, 2013; Shanton &
Goldman, 2010). In both cases, simulating believing that the gold is in
the west side of yard is a first-order representational state about the gold,
just like believing that gold is in the west side of the yard. As a result,
simulating believing that the gold is in the west side of the yard may
have effects on one’s own egocentric behaviour towards the gold similar
to believing that the gold is in the west side of the yard (see Fig. 1, right
panel). This is in contradistinction to what is predicted on the standard,
“quarantined” belief-representation account. Belief-simulation therefore
predicts the altercentric “belief infection” or blending of the “true” and
simulated first-order representations in a way that standard belief-
representation does not (Lurz et al., 2022). Gallese and Goldman
(1998) were some of the first researchers to recognize this distinctive
altercentric prediction of belief-simulation vis-a-vis the standard belief-
representation account (here, Theory-Theory). In explaining why
similar muscle groups are activated in both a mind-reader and a target
agent (Fadiga et al., 1995), Gallese and Goldman write:

ST [Simulation Theory] postulates mental occurrences in the mind-
reader that are analogous to mental occurrences in the target, so it

1storder belief

1%t order belief
The gold is in
the west side
of the yard

Standard belief-representation

Belief-representation + AP

Belief-simulation

West East West

EE[I

Eas' West

Fig. 1. AP = Action Prediction. When a subject is asked to search for an object (e.g., gold), another agent’s belief can influence the subject’s search behaviour under
belief-representation + AP and under belief-simulation but not under standard belief-representation. Under standard belief-representation, metarepresentations
about others’ beliefs are kept separate from one’s own first-order representations about the environment. Belief-simulation, on the other hand, posits that the agent’s
first-order belief about the location of the gold is simulated (imaginatively adopted) by the subject, producing a simulated first-order belief in the subject’s mind that
matches the content of the agent’s first-order belief about the location of the gold, and thereby creating the opportunity for the subject’s simulated first-order belief to
bias the subject’s own search behaviour for the gold. Under belief-representation + AP, first- and second-order beliefs are kept separate as per standard belief-
representation, but the action prediction generated by the agent’s belief can potentially interact with egocentric action planning and execution and subsequently
bias the subject’s own search behaviour. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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is not surprising that downstream motor activity is not entirely
inhibited. If TT [Theory-Theory] were correct, and an observer
represents a target’s behaviour in purely theoretical fashion, it would
not be predicted that the same muscle groups would be facilitated in
the observer as in the target. But if ST were correct, and a mind-
reader represents an actor’s behaviour by recreating in himself the
plans or movement intentions of the actor, then it is reasonable to
predict that the same muscular activation will occur in the mind-
reader. As matching muscular activation is actually observed in the
observer, this lends support to ST as opposed to TT. (pp. 498, Gallese
& Goldman, 1998).

1.3. A mediating process? Belief-representation plus action prediction

However, a further possibility is a belief-representation account that
retains “quarantined” metarepresentations but allows that second-order
belief representations might interact with one’s own first-order repre-
sentations about the environment via a mediating process. One candi-
date for this mediating process is action predictions (Southgate &
Vernetti, 2014). Action predictions can be generated when someone
understands that another agent has a goal (e.g. to find the gold), has a
belief about where the gold is (e.g. that it is in the west side of the yard),
and puts these two together to predict another’s behaviour (the agent
will search for the gold in the west side of the yard). This action pre-
diction could then compete with one’s own first-order motor represen-
tations, leading to a search that could tend towards the west side of the
yard, even while the metarepresentation of the other agent’s belief re-
mains 100 % attributable to that agent (see Fig. 1 - center panel). Where
this belief-representation plus action-prediction account (henceforth
belief-representation +AP) differs from belief-simulation is therefore in
how an influence of others’ beliefs should arise. Specifically, belief-
simulation implies and predicts the possibility of belief infection (i.e.,
the processing of another’s belief as if it were one’s own, perhaps un-
wittingly). No additional mechanism or processes need to be posited for
an influence of others’ beliefs to be explained. On the other hand, a
belief-representation +AP allows for action infection and can arise in
instances where egocentric action is planned or executed. In sum, both
belief-simulation and belief-representation +AP predict that others’
beliefs can influence one’s own actions, but standard belief-
representation does not. Standard belief-representation is therefore the
only account that means that the subject’s own search for the gold
should not be affected by the subject’s second-order representation of
the agent’s belief.

1.4. Evidence for an influence of others’ perspectives on the self

To date, evidence for an influence of others’ mental states on the self
comes not from studies with beliefs but from studies on emotional
empathy, whereby subjects share in another’s (observed) emotional
experience (Shamay-Tsoory, 2011; Singer et al., 2004), and from vi-
suospatial perspective taking tasks, whereby subjects imaginatively
adopt (“embody™) the perspective of another person (Deroualle et al.,
2015; Kessler & Thomson, 2010; Samuel, Legg, Manchester, Lurz, &
Clayton, 2019; Surtees et al., 2013; Yu & Zacks, 2017). Being about
cognitive rather than affective perspectives, the evidence from visuo-
spatial perspective taking is likely to be more informative than
emotional empathy about the possibility that others’ (unemotional)
beliefs about the world might also influence one’s own egocentric
behaviour. Here, a number of studies have reported results in favour of
the possibility that other agents’ perspectives can impair or facilitate the
speed of self-perspective processing depending on whether the content
of the alternative perspective is consistent (or not) with what one is
attempting to process about the environment (Freundlieb et al., 2017;
Freundlieb et al., 2018; Samson et al., 2010; Ward et al., 2019; Ward
et al., 2020). However, some of the interpretations of these results about
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other agent’s perspectives have been questioned, with alternatives such
as domain-general processes proposed instead (Cole et al., 2020; Cole
et al., 2022; Cole & Millett, 2019; Santiesteban et al., 2014). In addition,
variations in response times reflect processing difficulty but do not tell
us how beliefs are processed (i.e., whether they are represented or
simulated). More relevant to such questions are perspective-taking
studies that take as their principal measure accuracy and the nature of
errors rather than the speed of responses. Here too the evidence favours
the possibility that other agent’s perspectives influence one’s own
egocentric behaviour. For example, subjects sometimes erroneously
make manual responses consistent not with their own perspective but
with that of a recently imagined alternative viewpoint of the same
environment, even when the task is to respond entirely egocentrically
(Samuel, Legg, Manchester, Lurz, & Clayton, 2019). In another study, it
has been shown that taking the divergent visual perspective of another
agent causes subjects to approximate the abstract beliefs of that agent
and to report feeling more similar to the agent (Erle et al., 2018; Erle &
Topolinski, 2017). Results like these suggest a degree of perspective
blending that is predicted by mental simulation and, in the case of
“infected” manual responses, also belief-representation + AP. However,
neither is predicted by standard belief-representation.

Recently, evidence has emerged that others’ beliefs can influence
egocentric behaviour in chimpanzees. In a simple object-search task,
Lurz et al. (2022) found that chimpanzees were biased in their own
egocentric searches for hidden food by the false belief of another agent.
In the false-belief condition of the task, in which the other agent
mistakenly believed the food was still hidden in the original location but
the chimpanzee knew it had been moved to a new location, chimpanzees
were biased in their own search for the food towards the original loca-
tion (where the agent falsely believed the food to be hidden), and a
significant proportion of chimpanzees searched for the food in the
original location area. This effect disappeared in the true-belief condi-
tion in which the other agent, like the chimpanzee, knew the food had
been moved to the new location. The false belief of the observing agent
appeared to influence the chimpanzees’ own egocentric searches as the
belief-simulation account would predict. If correct, this suggests that
simulation is evolutionarily old, shared by humans’ common ancestor
with the chimpanzees.

Evidence for the permeability of one’s own beliefs by those of other
agents would be consistent with other theories that also propose alter-
centric influences on the self. For example, a number of researchers have
suggested that others’ visual perspectives can interfere with the efficient
processing of one’s own visual perspective (Elekes et al., 2016; Furla-
netto et al., 2016; Samson et al., 2010), reduce the prominence of that
perspective (Quesque et al., 2018; Tversky & Hard, 2009) and even
complement that perspective with additional information gleaned from
the other agent (Ward et al., 2019; Ward et al., 2020), though all these
possibilities are debated (Cole et al., 2020; Cole & Millett, 2019; Samuel
etal., 2021). Belief infection would also be broadly consistent with some
social psychological theories, albeit with some important caveats. For
example, deindividuation implies a reduction of one’s sense of unique
identity in certain group settings (Vilanova et al., 2017), a phenomenon
that belief-simulation could contribute to, though not by itself explain.
Theory of Collective Mind proposes the psychological amplification of
representations which are shared (‘we-representations’) relative to
egocentric representations (“I-representations”) which are not
(Shteynberg et al., 2023). Amplification could potentially be explained
by simulation, whereby one’s own belief and another’s combine (over-
lap) to increasing effect. However, as Theory of Collective Mind appears
to follow a standard belief-representation model rather than simulative
one, evidence for belief infection may contradict this aspect of it. It is
also unclear whether first-person ‘plural’ we-representations should be
quarantined from first-order ‘singular’ representations in the same way
that representations about other people are (i.e., a priori), given the
overlapping role of the self in each.

The studies reported here are designed to adjudicate between the
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standard belief-representation account on the one hand, and either the
belief-simulation or belief-representation + AP account on the other. To
do so, we utilize the different predictions that the standard belief-
representation account makes compared to these two alternatives. We
gave young adult participants (henceforth capitalized Participants) an
object-search task in which a ball is first hidden in one location (Location
1) in a continuous space (sandbox) but then moved to a second location
(Location 2) before the Participant is instructed to search for it. We also
manipulated the knowledge of a second participant, henceforth the
Agent, by varying whether the Agent witnessed the ball’s change of
location. A positive detection of belief infection would occur if Partici-
pants search for the ball in a section of the sandbox closer to Location 1
on trials in which the Agent falsely believes the ball to be located there
than on true-belief trials in which both the Participant and Agent know
the ball to be in Location 2. A standard belief-representation account
would not predict such results; the crucial assumption that second-order
representations about others’ unobservable mental states are detached
would be compromised if their contents could so easily (and errone-
ously) “leak” this way into first-order representations about the physical
environment. Instead, either the belief-simulation or belief-
representation + AP account could explain this finding. On the other
hand, an absence of evidence of belief infection would instead be
consistent with belief-representation, though it would not constitute
direct support for it.

The principal advantage of such a design is that it relies not on
variation in response times, which reflect fluctuations in processing
demands, but on accuracy, which can reveal crucial information about
the nature of processing. Indeed, the sandbox task was adapted by
Daniel Bernstein and his colleagues in order to detect the reverse of what
we are investigating, i.e. an influence of the self-perspective in tasks
where participants are asked to indicate where someone else will search
in the trough (Mahy et al., 2017; Sommerville et al., 2013), also known
as egocentric bias. Through our task we should therefore be able to
identify how Participants understand others’ beliefs. We used adults
rather than children because their Theory of Mind abilities (whether
simulative or metarepresentational) are more likely to be fully devel-
oped, less likely to be susceptible to interference from non-social pro-
cesses such as poorer executive functioning, and because even healthy
adults are susceptible to errors and biases on Theory of Mind tasks with
measures sensitive enough to detect them (e.g., Apperly et al., 2010;
Dietze & Knowles, 2020; Keysar et al., 2003; Samuel, 2023; Samuel,
Roehr-Brackin, et al., 2019; Sommerville et al., 2013; Wardlow Lane &
Ferreira, 2008).

In Experiment 1, we added an extra condition, based on research
described in the Introduction that suggests that embodying another
agent’s divergent perspective might facilitate the blending of first- and
second-order perspectives (Erle et al., 2018; Erle & Topolinski, 2017;
Samuel, Legg, Manchester, Lurz, & Clayton, 2019). Specifically, the
Participant and Agent each wore a different-colored glove on their
dominant hand. In the Embodiment condition, Participants and Agents
faced opposite directions and Participants were asked on which hand the
Agent wore his or her glove (“left” or “right”). Facing in opposite di-
rections was necessary in order to ensure divergent left/right perspec-
tive, which provides the best conditions for embodied perspective taking
to occur (Kessler & Thomson, 2010) and promote self-other merging at
other levels, such as trust, liking, and estimates (Erle et al., 2018; Erle &
Topolinski, 2017). The embodiment induction question occurred
immediately prior to responses on the critical false-belief trials. In the
Control condition, Participants and Agents again faced in opposite di-
rections but Participants were simply asked to name the colour of the
glove on the Agent’s hand. The Control question required participant to
considered something about the other Agent but unlike the Embodiment
question it did not require Participants to consider the other Agent’s
divergent perspective. We hypothesized that the potential for the
Agent’s belief to influence egocentric behaviour could be stronger in the
Embodiment condition than in the Control condition because previous

Journal of Experimental Social Psychology 121 (2025) 104785

research had shown that embodied perspective-taking promotes the
blending of perspectives. This itself might arise through a simulative
process, thereby increasing activation of the agent’s perspective and any
resulting bias towards Location 1. Additionally, this contrast would help
establish whether any such influence might in fact require prior
embodiment to arise.

2. Experiment 1
2.1. Method

2.1.1. Participants

An a priori power analysis using G*Power (3.1.9.5) for a paired-
sample t-test with 80 % power to detect a medium effect size (d = 0.5)
found that 34 Participants were required. Therefore 34 pairs were
recruited (data from the second of the pair, the Agent, were unimportant
and discarded). The final sample was 34 young adults (8 identified as
men; 26 as women) recruited through the University of Plymouth’s
online recruitment system. Participants averaged 20.6 years of age (SD
= 3.1; range = 18-32) and were native English speakers with normal or
correct-to-normal vision. All gave informed consent and were compen-
sated financially for time spent in the lab. Three original Participants
were replaced for mean biases beyond the preregistered limit of three
times the SD of the mean for the group as a whole. Ethical approval was
granted by the University of Plymouth’s Ethics Committee. In this and
all subsequent studies, all measures, manipulations and exclusions are
reported either here or in Supplementary Materials.

2.1.2. Materials and procedure

One of each pair of recruits was randomly assigned to the role of
either Participant or Agent. Neither knew to which role they had been
assigned. Each received either a pink or blue rubber glove (counter-
balanced across participants) that they were told to put on their domi-
nant hand for the duration of the task.

At the start of every trial, the Participant and the Agent stood side by
side on one side of a black trough measuring 100 cm (90 cm inside) x 22
cm x 18 cm and filled 15 cm high with play-safe sand, which was
watered frequently so that marks made by fingers would be clearly
visible. The experimenter stood on the opposite side of the trough facing
the Participant and Agent. A tape measure in centimetres was secured
along the top rim of the trough facing the experimenter, allowing only
the experimenter to see it. The tape measure facilitated accurate ball
placement and later measurement of Participants’ responses from
photos the experimenter took. Fig. 2 displays one such photo.

Trial procedure. The Participant and Agent were run through ten
trials in total (see Table 1). Each trial always included the following,
though other details varied according to trial type. First, both the
Participant and the Agent watched the experimenter bury a ping-pong
ball into the sand, called Location 1 (see Table 1). The experimenter
then smoothed the sand over. Later in the trial the experimenter dug up
the ball and moved it to the new location (Location 2) before smoothing
the sand over again. Finally, either the Participant or the Agent was
asked to search for the ball. This search instruction was the same across
all trials: “please make a mark in the sand where you think the ball is.” The
searcher then placed a finger in the sand where he or she believed the
ball to be. The experimenter took a photo of the sand, using a smart-
phone and always from the same approximate angle (see Fig. 2 for an
example), for later coding, and the trial ended. Note that Participants
(and Agents) were only ever asked to indicate where they themselves
believed the ball to be (i.e., they were never asked to consider the other’s
perspective).

Practice trials. The first two trials were always practice trials in
which both the Participant and Agent witnessed the experimenter bury
the ball in Location 1 and then Location 2. The Participant made the
response on one trial, the Agent on the other. Although only data from
trials where the Participant responded were analysed, having the Agent
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Fig. 2. Example of images used for coding participant responses.

Table 1

Location and Trial list denotes both locations of the ball, before and after the
location change in centimetres, and who is responding after location change.
Trials in bold indicate the critical False Belief (FB) trials and their location-
matched True Belief (TB) Baseline control trials (for half of Participants, trials
5 and 6 were False Belief and 9 and 10 were True Belief Baseline). For half the
participants the first False Belief trial included the Embodiment question and the
second the Control question, and for the other half the reverse was the case.

Trial Location 1 Location 2 Distance Searcher
(cm) (cm) (cm)

1 Practice 50 70 20 Agent

2 Practice 60 20 40 Participant

3 TB Filler 70 30 40 Agent

4 TB Filler 30 50 20 Participant

5TB 80 30 50 Participant
Baseline

6 TB 20 70 50 Participant
Baseline

7 TB Filler 20 50 30 Agent

8 TB Filler 40 10 30 Participant

9 FB 80 30 50 Participant

10 FB 20 70 50 Participant

respond in these early trials was important to demonstrate that the
Agent could be asked to interact with the trough on any given trial,
which could help to activate the Agent’s belief (and any linked action
prediction) even when the Participant was the searcher. If on practice
trials either the Participant or Agent indicated a location greater than 10
cm off target (on either side), the practice trials were repeated once. If he
or she failed again, the experiment would end, and the pair would be
replaced. However, this never occurred. After the practice trials, there
were three further trial types.

True Belief Filler trials. The 3rd, 4th, 7th and 8th trials were always
True Belief Filler trials (see Fig. 3). These were not included in the final
analyses, but served to maintain the Agent’s interaction with the trough
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beyond the practice trials throughout the length of the experiment. True
Belief Filler trials were conceptually identical to practice trials (albeit
with different locations - see Table 1) except that following the burial of
the ball in Location 2 the non-searcher was asked to leave for about ten
seconds and then return. This brief absence did not create a false belief,
as both Participant and Agent had already witnessed the ball being
buried in Location 2. True Belief Filler trials were used to familiarise
participants with the procedure before the experimental trials later in
the sequence. After the non-searcher returned, the experimenter then
asked whoever was designated as the searcher on that trial to search for
the object.

True Belief Baseline trials. True Belief Baseline trials were included
in the final analyses, and were the baseline from which any bias on False
Belief trials were measured. There were two True Belief Baseline trials
(see Fig. 3) that always occurred as a pair at either the 5th and 6th or 9th
and 10th trial positions in the experiment. These trials were identical to
True Belief Filler trials except that Locations 1 and 2 were matched with
the False Belief trials to facilitate comparisons. Note that having the
Agent leave and return after the ball was relocated to Location 2 in True
Belief trials (both Filler and Baseline) served to eliminate a criticism that
has been levelled at some ToM tasks in which the Agent (or equivalent)
leaves and returns on False Belief trials but not on True Belief trials. It
has been argued that the salience of the Agent’s return in False Belief
trials diminishes the Participant’s memory of what happened before (i.
e., the burial of the ball in Location 2) relative to True Belief trials where
the agent stays (Heyes, 2014).

False Belief trials. False Belief trials were also a pair of trials, always
at the 5th and 6th or 9th and 10th slots (counterbalanced order with
True Belief Baseline trials across Participants). Crucially, on False Belief
trials the Agent left before the ball was dug up and buried in Location 2,
and he or she did not return until after the ball had been buried in
Location 2 and the sand smoothed over (see Fig. 3). This also took about
ten seconds to match the length of time the Agent was absent on True
Belief Baseline trials. On False Belief trials alone, the Agent had a false
belief that the ball was still in Location 1.

Additionally, upon returning, the Agent was asked to face briefly
away from the trough. In one of the False Belief trials, the Embodiment
question was asked (“Which hand is the other participant wearing the glove
on?”); in the other False Belief trial, the Control question was asked
(“What is the colour of the glove the other participant is wearing?”). The
order of condition questions was counterbalanced across Participants,
such that for half the participants the first False Belief trial included the
Embodiment question and the second the Control question, and for the
other half the revere was the case. Finally, the Agent was instructed to
turn to face the trough again, and the Participant was then asked to
indicate where the ball was. The task took approximately 10-15 min to
complete.

2.1.3. Data analysis

Photos were labelled by Participant number and trial number but not
by trial type (True Belief Baseline or False Belief) or condition
(Embodiment or Control). As such, coding of response location was
already part-blinded. As an additional layer of blinding, after the
experiment was completed, the photos were saved again under
randomly generated numbers before being coded by two researchers on
the project, using the tape measure in the photograph alongside the hole
made by the participants’ fingers to judge where the search was made.
The mean of these two judgments then re-associated with the original
trial types by the first author by reversing the randomization process and
using a trial type key. The first author adjudicated on any disagreements
that exceeded 1 cm (three occasions). The only exception to this process
concerned the photos from the three replacement participants, which
were not saved under random numbers as they concerned only a small
number of photos. The coding data is available here and in the Sup-
plemental Materials. The bank of photographs is available here.

These data formed the dependent variable, measured in centimetres.
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Fig. 3. Top-down schematic of lab for both True Belief type trials (Filler and Baseline) on the left and any changes made from these True Belief trials for the False
Belief trials in Experiments 1 and 2, to the right. A = Agent, E = Experimenter, P = Participant. See text for full details of procedure.

It was then possible to compare the distance in centimetres towards
Location 1 from Location 2 on False Belief trials with the same on True
Belief Baseline trials. Support for an influence of the Agent’s belief
would come from bias towards Location 1 that is higher on False Belief
trials than on True Belief Baseline trials. Additionally, a larger effect in
the Embodiment condition than in the Control condition would suggest
that taking someone’s physical perspective serves to increase the influ-
ence of their false belief on one’s own actions.

2.1.4. Transparency and openness

Details of the preregistration for the methodology and analyses of
Experiment 1 can be found here: https://osf.io/dvna7. Data were ana-
lysed using JASP (version 0.16.4), and the data and JASP analysis file
are available here: https://osf.io/5y96h/files/osfstorage.

2.2. Results

All results are displayed in Fig. 4.

Control condition. On False Belief trials, Participants indicated a
location that was closer to Location 1 (M = —0.3 cm, SD = 2.1) than on
True Belief Baseline trials (M = —1.4 cm, SD = 2.9). This difference was
significant, t(33) = 2.595, p = .014, 95 % Clp;¢ = [—0.5, —4.5], BF1p =
1.254, with a close-to-medium effect size, d = 0.445. A planned Wil-
coxon signed-rank comparison, conducted in light of the non-normality
of one cell in the data, supported this result, W(34) = 158.5, z = 2.376,p
= .018, d' = 0.467. Of the 34 participants, a majority of 23 (68 %)
displayed this pattern. This effect is consistent with the hypothesis that
Participants are influenced in their own egocentric search behaviour by
another person’s false belief; though it is noteworthy that both absolute
scores were negative (i.e., further away from Location 1 than Location 2
- see bottom of Fig. 3).

Embodiment condition. The mean location indicated by Partici-
pants was similar on both True Belief Baseline trials (M = —1.3, SD =
4.1) and False Belief trials (M = —1.5, SD = 3.1). This difference was not
significant, t(33) = 0.743, p = .46, 95 % Clp; = [-3.7, 1.7], BFp =
0.201, with a small effect size, d = 0.127. Of the 34 participants, pre-
cisely half displayed this pattern. The Bayesian test confirmed that the
data was at least three times more likely under the null hypothesis. A

! The effect size (d) given for Wilcoxon tests here and throughout is the
Hodges-Lehmann estimator.

planned Wilcoxon signed-rank comparison, conducted in light of the
non-normality of one cell in the data also supported this null result, W
(34) = 296.5, z = 0.017, d = 0.003, p = .99. Again, both scores were
negative (i.e., mean locations were further from Location 1 than Loca-
tion 2).

Both conditions combined. The mean location indicated by Par-
ticipants was similar on both True Belief Baseline trials (M = —1.3, SD =
2.3) and False Belief trials (M = —0.9, SD = 1.9). This difference was not
significant, t(33) = 1.198, p = .24, 95 % Clpi = [—1.1, 0.3], BF1p =
0.355, with a small effect size, d = 0.206. Of the 34 participants, a
majority 20 (59 %) displayed this pattern. The Bayesian test were found
that the data were almost three times more likely under the null hy-
pothesis. Again, both scores were negative (i.e., mean locations were
further from Location 1 than Location 2).

Comparing conditions. Results had shown a bias towards Location
1 on False Belief trials over True Belief Baseline trials, but only in the
Control condition, not the Embodiment condition. Thus, contrary to one
of our hypotheses Participants did not experience a greater influence of
the Agent’s false belief in the Embodiment condition; indeed, evidence
of such an influence was in fact exclusive to the Control condition. A
comparison of these two conditions found no difference between bias in
the Control condition (M = 1.1 cm, SD = 3.1) compared to the
Embodiment condition (M = —0.3 cm, SD = 4.0), t(33) = 1.384, p =
.176, 95 % Clpjig = [—0.7, 3.5], BFo = 0.439, with a small effect size, d
= 0.237. The Bayesian test suggested the data were approximately twice
as likely under the null than the alternative hypothesis. Though this did
not meet our pre-registered threshold of three times as likely, it is
important to note that the hypothesis was that influence would be
greater in the Embodiment condition than the Control condition when in
fact the data patterned in the opposite direction.

2.3. Discussion

Results yielded support for an influence of the Agent’s false belief in
the Control condition but not in the Embodiment condition. This sug-
gests that another’s false belief intrudes upon our ability to act according
to our own reality, though surprisingly only in the Control condition and
not when Participants had previously considered the physical perspec-
tive of the other individual. We had hypothesized that the search bias of
Participants should be greater in the Embodiment condition than in the
Control condition because the former condition required Participants to
take the physical perspective of the Agent prior to making their
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Fig. 4. Results of Experiments 1and 2. The y axis shows bias towards Location 1 (+ve) or away from it (—ve).

response, which should promote a stronger blending of perspectives
(Erle & Topolinski, 2017). One reason for this divergence could be that
the study by Erle and colleagues concerned an effect of physical
perspective taking on the similarity of participants’ numerical guesses,
such as the height of the Eiffel Tower in feet, but in the present studies
we employed belief states. Guesses are qualitatively different from belief
states in that the former do not come with a commitment to their ve-
racity. Guesses may therefore not fall within the purview of belief-
simulation. A further reason for the discrepancy could be methodolog-
ical. Erle et al. asked their participants to answer the left/right question
about the other agent using their own left or right hand, but in our study,
Participants responded verbally. This meant that Participants in our
study did not have to “mirror” the Agents’ perspectives in the same way,
which may have diluted any effect of physical perspective taking (for a
similar case and argument see Samuel, 2022). Alternatively, the spatial
label “left”/’right” that Participants produced in the Embodiment
Condition may have introduced spatial interference that limited the
impact of the Agent’s false belief about where the ball was. It may also
be that our embodiment condition simply failed to activate a strong
enough response; although our embodiment induction was conceptually
consistent with previous research this particular form of embodiment
induction has not been independently validated.

Critically, although the Embodiment condition failed to reveal a
belief-infection effect it was present in the Control condition. This would
support the belief-infection and belief-representation + AP accounts but
would not appear to fit a standard belief-representation account. How-
ever, as this pattern of results was unexpected, we ran a similar exper-
iment with a new sample to test the reliability of this effect. We therefore
retained the original hypothesis that bias towards where the Agent be-
lieves the object to be should be greater on False Belief trials than on
True Belief Baseline trials. However, to improve the statistical power of
the experiment, the Embodiment and the Control condition questions
were removed, and the two False Belief trials combined into a single
analysis. Experiment 2 therefore resembled a lower-demand version of
the Control Condition in Experiment 1.

3. Experiment 2

Experiment 2 was identical to Experiment 1 with the sole exception
that no Embodiment or Control question was asked prior to responding.
These questions were not replaced with other questions. As a result,
Participants and Agents no longer wore gloves, and upon returning to
the room on False Belief trials, the Agent always faced the trough and the
instruction to the Participant to search for the ball followed immedi-
ately. The procedure for coding the photographs was identical to
Experiment 1 except this time the two coders were one of the same re-
searchers on the project as in Experiment 1 and the first author. Both
scores were averaged for analysis and within 1 cm of each other with
only one exception, adjudicated in favour of the first author.

3.1. Method

3.1.1. Participants

We retained the original power analysis (80 % power to detect a
medium effect size d = 0.5 with a paired-sample t-test) requiring 34
Participants. The final sample was 34 young adults (8 identified as men;
25 as women, 1 non-binary) recruited through the University of Ply-
mouth’s online recruitment system. Participants averaged 19.5 years of
age (SD = 1.3; range = 18-23). All were native English speakers with
normal or correct-to-normal vision, and all gave informed consent and
were compensated financially for time spent in the lab. One original
Participant was replaced for mean biases beyond the preregistered limit
of three times the SD of the mean for the group as a whole. Ethical
approval was granted by the University of Plymouth’s Ethics Committee.

3.1.2. Transparency and openness

Details of the preregistration for the methodology and analyses of
Experiment 2 can be found here: https://osf.io/z8g6p. Data were ana-
lysed using JASP (version 0.16.4), and the data and JASP analysis file
are available here: https://osf.io/5y96h/files/osfstorage.

3.2. Results

Results are displayed in Fig. 4 (bottom right panel). Consistent with
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Experiment 1, Participants indicated a location that was closer to
Location 1 on False Belief trials (M = —1.2 cm, SD = 2.8) than on True
Belief Baseline trials (M = —2.2 cm, SD = 3.3). This difference was
significant, (33) = 2.469, p = .019, 95 % Clpjg = [—1.9, —0.2], BF1p =
2.526, with a close-to-medium effect size, d = 0.423, though again it is
noteworthy that both scores were negative. Of the 34 participants, a
majority of 24 (71 %) displayed this pattern. This result replicates that
found for Experiment 1 and is therefore also consistent with the hy-
pothesis that Participants are influenced in their own egocentric search
by the other person’s false belief.

We also conducted an additional experiment in which we used the
same setup as for Experiment 1 but instead of asking participants to
search for the object we asked them to indicate where in the trough the
Agent believed the object to be, i.e. a “classic” and explicit false belief
version of the sandbox paradigm (e.g., Samuel et al., 2018a; Sommer-
ville et al., 2013). We report the details in supplemental material to this
article as it concerned a different research question, but for the present
purposes it demonstrates that Participants in this paradigm have no
problem accurately recalling Agents’ false beliefs in this task. Results
showed that they were very accurate in both conditions, with no sta-
tistically significant evidence of bias towards the location the Participant
knows the object to be (i.e., no egocentric bias). These results confirm
that any biases in this paradigm can indeed be explained by others’
beliefs about the where the ball is.

3.3. Discussion

The results of Experiment 2 replicated those of Experiment 1. Par-
ticipants’ judgments about the location of the object were closer to
Location 1 when the Agent falsely believed the object to be in Location 1
compared to when the Agent (correctly) believed the object to be in
Location 2. In sum, both experiments showed a reliable bias towards
where the Agent falsely believed the target to be when no extra
embodiment question is asked. This bias carried a close-to-medium ef-
fect size in both experiments, with the smallest being d = 0.423. That
this effect was generated by the Agent’s belief rather than spatial
interference from the first location was evidenced by there always being
two locations in the trough where that the ball was buried on each trial,
but bias was only reliable when the Agent falsely believed the target to be
in the Location 1. Moreover, data from an additional experiment showed
that Participants have no problem accurately recalling the location the
Agent falsely believes the ball to be in this paradigm. This rules out the
possibility that biases might reflect confusion about where Agents
believe the ball to be on false belief trials. Together, the results of Ex-
periments 1 and 2 suggest that one’s egocentric actions can be influ-
enced by others’ mental states, and that a standard belief-representation
account on its own is unlikely to explain how Agent’s beliefs were
processed.

An unexpected finding from Experiments 1 and 2 was that absolute
bias scores were usually negative; that is, Participants indicated a
location further away from Location 1 than Location 2. Though not
predicted by any theory of mental state reasoning, negative scores in the
sandbox task have been reported before (Haskaraca et al., 2023; Mahy
et al., 2017; Samuel et al., 2018b) and are suggestive of an additional,
spatial bias on responses. Indeed, early versions of the sandbox task were
concerned not with others’ mental states but with the potential to sub-
divide continuous spaces into segments that bias object location recall
towards their centres (Huttenlocher et al., 1991; Huttenlocher et al.,
1994; Huttenlocher et al., 2004). Mentally subdividing the trough into
segments, or a general tendency to search closer to the edges of the
trough than the centre, could explain why biases were often negative in
the present studies. However, the important consideration here is that
mean responses were reliably closer to Location 1 when the Agent falsely
believed the ball to be in Location 1 than when the Agent (correctly)
believed it to be in Location 2, despite the two locations being identical
across both trial types. This eliminates the possibility that spatial biases
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can explain biases searching on False Belief trials.

The findings of Experiments 1 and 2 differ from that of a very recent
study by Haskaraca et al. (2023). In their experiments, adults performed
online versions of three sandbox tasks in which they were presented
with short stories or video skits about two individuals, one of whom
sometimes had a false belief about a target object’s whereabouts. Par-
ticipants were instructed to click on an area of the screen in response to
questions about where the individual with a false belief would search for
the object or where the object is now. Bias towards the second location in
the former trials were taken as a measure of egocentric bias, and bias
towards the first location in the latter trials were taken as a measure of
altercentric bias. The latter of these instructions is the most similar to the
instructions in the Experiments we report here. Haskaraca and col-
leagues found no reliable evidence of bias towards where the other agent
believed the object to be in any of three experiments, including when
both altercentric and egocentric question types were mixed (which
could have made the other’s belief more salient on trials where first-
order representations were required). However, despite being concep-
tually similar tasks, there are considerable methodological differences
between our studies and theirs that could explain our divergent findings.
Probably the most important of these distinctions is that our versions
were conducted in the lab with a real human other. Previous research
has shown that people respond differently to present others compared to
depicted others (Skarratt et al., 2012), and it is reasonable to assume
that others’ beliefs are more likely to be simulated or their actions more
likely to be predicted in real social rather than virtual contexts —
particularly, where the other person is not only real but also co-present
at the time Participants made their judgments. Other differences include
the performance of a distractor task between the hiding of the object in
its final location and participants’ responses, which was included to
eliminate more perceptual response strategies. The extra cognitive load
generated by this task could have made the simulation of belief or the
generation of an action prediction less likely (indeed, perhaps the
Embodiment question in our Experiment 1 eliminated bias for the same
reason).

Nevertheless, we interpret the results of Experiments 1 and 2 so far as
offering only preliminary evidence of an influence of others’ beliefs on
egocentric action, for the following reasons. Firstly, the absolute effect
in terms of the size of the trough was small under these circumstances,
around 1 % of its length. Secondly, Bayes Factor analyses did not provide
convincing support (defined as BF1o > 3) for the experimental hypoth-
esis in Experiment 1 or 2. Given these caveats, a modified third and final
study was conducted. Firstly, because Participants knowledge that the
ball is in Location 2 may be too salient and therefore mask any simu-
lation concerning Location 1, we removed from Participants the
knowledge of where the ball actually was. Participants now never saw
the ball moved to Location 2, and therefore they could only guess its
whereabouts when responding. However, Agents would either hold a
false belief that the ball was still in Location 1 (False Belief trials) or, like
the Participant, have no knowledge of its whereabouts (No Belief trials).
An influence of others’ beliefs would be supported if Participants’
guesses are closer to Location 1 on False Belief trials than No Belief trials.
This time, as there was no first-person knowledge to overcome when
Participants made their guesses, belief infection effects could be larger
than in Experiments 1 or 2. Additionally, as Participants had no
knowledge of the object’s true location any spatial biases that may have
arisen out of attempts to recall Location 2 were now irrelevant; indeed,
bias could not be positive or negative at all as there was no true location
to measure from. Finally, Experiment 3 was powered to detect the lowest
effect size previously found (d = 0.423 rather than a hypothesized d =
0.5) with a higher degree of confidence (90 % as opposed to 80 %). A
replication of the results of Experiments 1 and 2 would therefore in-
crease confidence in the underlying phenomenon, while an absence of
an effect under these stricter conditions could indicate that the earlier
findings were spurious. As before, evidence of bias would be interpreted
as contrary to standard belief-representation but consistent with the
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belief-simulation or belief-representation + AP.
4. Experiment 3

4.1. Method

4.1.1. Participants

While Experiments 1 and 2 were pre-registered, Experiment 3 was
conducted as part of a Registered Report extension to further test the
reliability and robustness of belief infection.” We conducted an a priori
power analysis using G*Power (3.1.9.7) for a two-tailed paired-sample t-
test, assuming an alpha of .05 and 90 % power to detect the lowest effect
size from a control (i.e., non-embodiment) condition (d = 0.423 from
Experiment 2). The analysis found that 61 Participants were required.
This increases to 64 if a Wilcoxon test is used instead of a t-test. Since the
latter analysis would be applied if a Shapiro-Wilks test found the dis-
tribution of difference scores to be non-normal, data were collected until
64 pairs of participants are recruited (Participant M Age = 19.6 years, 5
men, the rest female). As previously, all were required to be native
English speakers with normal or correct-to-normal vision. All gave
informed consent and received course credit or were compensated
financially for time spent in the lab. After data from 64 Participants were
collected, we planned an outlier check. Participants whose mean biases
exceed three times the SD of the mean for the group as a whole (higher
or lower) would be replaced, and the analysis for outliers repeated again
after each replacement to determine whether new outliers are produced
after new data is added (as SDs change). This process would be repeated
until all 64 participants fall within three SDs of the mean. No data
needed to be discarded following this initial analysis. Ethical approval
was granted by the City St. George’s, University of London’s Psychology
Research Ethics Committee.

4.1.2. Materials and procedure

At the beginning of Experiment 3, the Experimenter told the
Participant and the Agent that they must not speak during the task. This
was to ensure no sharing of privileged information (e.g., if the Agent
asks if the ball was moved while they were absent). At the beginning of
every trial, the Experimenter buried the ball in Location 1 while both the
Participant and the Agent watched, as previously. What happened next
depended on which of three conditions that trial was part of.

Training trials. The first four trials were always “Training” trials, in
which the Experimenter buried the ball in Location 1 in full view of both
the Participant and Agent and then placed a barrier (drew a curtain) so
that neither the Participant nor the Agent could see the sandbox or the
Experimenter (See Fig. 5). The Experimenter then said the following:
“The ball has NOT moved. I will ask one of you to indicate where you think it
is.” The Experimenter emphasised “NOT.” The Agent was then instructed
to leave the room. After 20 s, the Experimenter asked the Agent to re-
turn. Then, the Experimenter said, “please make a mark in the sand where
you think the ball is.” For the first four Training trials the Agent fulfilled
this request. After the response was made, the Experimenter dug up the
ball to show where it was. If the response was within 10 cm of Location
1, the Experimenter said, “Thank you,” and began the next trial. If the
response missed the target by more than 10 cm in either direction, the
Experimenter said, “That is more than 10cm off target - let’s try that one
again.” That trial was then repeated. Training trials create in the Agent
the sense that when the Experimenter states that the ball has not moved
it really has not moved, and that the Agent should try to indicate
Location 1 as accurately as possible (or face a repetition of that trial).

2 Through an oversight on the part of the researchers a time-stamped pre-
registration document was not generated prior to collecting data for Experiment
3. However, the methods were described in the manuscript which received in-
principle acceptance prior to data collection (2nd June 2024). A post-hoc
registration can be found here: doi: 10.17605/0SF.10/45YW9.
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No Belief trials. “No Belief” trials occurred at either trial positions 5
and 6, or trial positions 9 and 10 (counterbalanced across participants
with False Belief trials). Different from Training trials, once the barrier
was in place in No Belief trials, the Experimenter quietly removed the
ball from the trough and waited ten seconds before saying the following
to both the Agent and Participant, “The ball has MOVED. I will ask one of
you to indicate where you think it is.” The Experimenter emphasised
“MOVED.” Neither the Agent nor the Participant knew where the ball
was. Next, the Agent left and then returned after 20 s as before. The
Experimenter then said to the Participant, “please make a mark in the sand
where you think the ball is.” This time the ball was not retrieved (it cannot
be in any case as it is no longer in the trough), and no feedback was
offered. The Experimenter took a photo of the response for later coding.
No Belief trials formed a baseline measure of how close to Location 1
Participants might respond anyway, even in the absence of a false belief
on the part of the Agent.

False Belief trials. On “False Belief” trials, the Experimenter told the
Agent and Participant that the ball had NOT moved, just as in Training
trials. However, while the Agent was outside, the Experimenter removed
the ball, waited ten seconds, and declared to the Participant only, “The
ball has MOVED.” The Participant now knew that the Agent’s belief that
the ball was in Location 1 was false, although the Participant did not
know where the ball was now. The Experimenter then instructed the
Agent to return as usual, and the Participant was asked to make a mark
in the sand according to where Participant thought the ball was. The
Experimenter took a photo of the response for coding. Note that since
the Agent had been told the ball has NOT moved, just as in their expe-
rience of Training trials, the Agent would have the same reason to
believe that the ball is still in Location 1 on False Belief trials as the
Agent did in Training trials. Crucially, if Participants respond closer to
Location 1 on False Belief trials (when the Agent falsely believes it to be
there) than on No Belief trials (when the Agent has no belief), then this
would suggest a specific influence of the Agent’s false belief.

4.1.3. Analysis plan

Four versions of the experiment were created to counterbalance for
the position of No Belief and False Belief trials and their respective Lo-
cations in the trough (see Table 2). The influence of the Agent’s belief
was measured by calculating the average of bias towards Location 1
across both False Belief trials and the average of bias towards Location 1
across No Belief trials, and testing whether the average bias is larger in
False Belief than No Belief. This will be done by means of a paired-
sample t-test, or a Wilcoxon test (should the data fail to be normally
distributed, ascertained by a Shapiro-Wilk test). Again, evidence of bias
could support either a belief-simulation or belief-representation + AP
account, but not a standard belief-representation account. The alpha for
this test is .05, two-tailed, and the threshold for meaningful evidence (i.
e., beyond statistical significance alone) is a Bayes Factor of 6 or greater
from a Bayesian t-test (irrespective of the normality of the data). As
before, each photo (256 in total) was independently coded by two coders
with no knowledge of which trial they were coding. The average of the
two coders’ measurements (in cm) was taken as the final measure for
each photo. Where the two coders differed in the measurement by more
than 1 cm these were adjudicated between by the first author (13
occasions).

4.1.4. Transparency and openness

Experiment 3 was submitted as the final experiment in a Registered
Report that began with Experiments 1 and 2 already recorded. Data
were analysed using JASP (version 0.19.1), and the data file, photo
coding details, and JASP analysis file are available here: https://osf.io/
5y96h/files/osfstorage.

4.2. Results

Results are displayed in Fig. 6. The data were normally distributed (p
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Fig. 5. In Experiment 3, the Experimenter buried the ball in Location 1 and then placed a barrier (drew a curtain) in front of the sandbox. Now, when the Experimenter said
that the ball had moved, this generated a new No Belief condition (centre panel), as neither the Participant nor the Agent knew where Location 2 is. When the Experimenter told
the Agent that the ball had not moved but later told the Participant that it had moved, this formed a False Belief trial (right panel). On Training trials, the Experimenter said the
ball had not moved, leading the Participant and Agent to believe the ball remains in Location 1. An influence of the Agent’s belief would be evidenced by searches closer to
Location 1 on False Belief trials than on No Belief trials. A = Agent, E = Experimenter, P = Participant. See text for full details of procedure.

> .65 by Shapiro-Wilk test), so we proceeded with a paired-samples t-
test. Contrary to the belief-simulation hypothesis, Participants showed
no evidence of bias towards where the other agent falsely believed the
object to be. Participants failed to indicate a location that was closer to
Location 1 on False Belief trials (M = 31.4 c¢cm from Location 1, SD =
16.3) than on No Belief Baseline trials (M = 28.3 cm from Location 1, SD
= 17.9), t(63) = 1.254, p = .21, 95 % Clpir = [-1.8, +8.0], BF;g =
0.289, with a small effect size, d = 0.144. The Bayes Factor analysis
demonstrates meaningful support for the null (BF;o < 0.3) according to
guidelines described by Dienes (2014).% Of the 64 participants, a mi-
nority 24 (37.5 %) patterned in a direction consistent with the hy-
pothesis. In sum, this result fails to replicate that found for Experiments
1 and 2.

4.3. Discussion

The results of Experiment 3 failed to support the belief-simulation or
the belief-simulation + AP account. Numerically at least, though not
statistically, Participants in fact searched further from Location 1 when
Location 1 was where the Agent falsely believed the object to be than
when Location 1 was known to both to be a past location.

5. General discussion

Across three experiments, we tested the hypothesis that adults would
be influenced in their own egocentric search behaviour by their un-
derstanding of another agent’s belief about the object’s whereabouts.
Evidence in favour of such an influence would be most parsimoniously
explained by belief-simulation, which posits the first-order simulation of
others’ beliefs (imagining believing something someone else believes),
rather than a belief-representation account, which posits the separation

3 This does not reach the higher threshold of six times as likely under the null
as laid out in our methods prior to data collection, and this conclusion is
therefore subject to a caveat. Although this expectation was not met, it
appeared highly unlikely that further data collection would lead to any
meaningful advance in our understanding of results.
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between one’s own first-order representations about the environment
and one’s metarepresentations of others’ beliefs. The first two experi-
ments showed a reliable bias towards where the Agent falsely believed
the target to be when the Participant searched. This bias carried a close-
to-medium effect size. That this effect was generated by the Agent’s
belief rather than spatial interference from the first location was evi-
denced by there always being two locations in the trough where that the
ball was buried on each trial, but bias was only reliable when the Agent
falsely believed the target to be in the Location 1. However, the absolute
size of this bias was small, only around 1 % of the total length of the
trough. This is within the diameter of the target ball itself, and roughly
corresponds to a finger’s width (the size of the hole made in the sand).
One possibility is that the influence of belief-simulation was kept small
because Participants were always aware of the true location of the ob-
ject, and this knowledge was too influential for the simulation of the
Agent’s false belief to have a powerful impact. However, an alternative
possibility is that the effect, being so small in absolute terms, was
spurious and would not replicate under more rigorous testing. In
Experiment 3, which formed the basis of a Registered Report building
upon the first two studies, there were two principal differences from the
previous studies. First, we removed Participants’ awareness of the true
location of the object by introducing No Belief trials. On these trials
Participants knew the ball had moved, but not where to. Second, we
increased the statistical power of the study from 80 % to 90 % and
specified a slightly lower effect size than previously (the lowest effect
size found in the data from the earlier studies). This required an almost
100 % increase in participant numbers from 34 to 64. If egocentric
knowledge about the true location of the object had suppressed the
impact of belief simulation, then Experiment 3 should replicate the ef-
fect and possibly increase it now that there was no competing egocentric
knowledge. However, any absence of support in this better-powered and
more sensitive study would suggest the earlier effects were potentially
unreliable (false positives). Results favoured this latter interpretation;
Participants failed to search closer to Location 1 when this was where
the Agent falsely believed the object to be than when it was known to all
that this was merely the previous location of the object. Bayesian
analysis supported the null finding. This result fails to support the belief-
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Table 2
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Locations and Trial list for Experiment 3. Trial in bold indicate the critical False Belief (FB) trials
and their location-matched No Belief (NB) trials (for half of Participants, trials 5 and 6 were False
Belief and 9 and 10 were No Belief). Within each of these two orders, half the time the first trial
will involve the ball being buried 80 cm from the left of the trough and the second trial 20 cm from
the left, and half the time the reverse order. This creates a total of four versions of the task. A total

of 16 participants will perform each version.

Trial Location 1 (cm) Searcher
(Version 1)

1 Training 50 Agent

2 Training 60 Agent

3 Training 70 Agent

4 Training 30 Agent

5 No Belief 80 Participant
6 No Belief 20 Participant
7 Training 20 Participant
8 Training 40 Agent

9 False Belief 80 Participant
10 False Belief 20 Participant
Trial Location 1 (cm) Searcher
(Version 2)

1 Training 50 Agent

2 Training 60 Agent

3 Training 70 Agent

4 Training 30 Agent

5 False Belief 80 Participant
6 False Belief 20 Participant
7 Training 20 Participant
8 Training 40 Agent

9 No Belief 80 Participant
10 No Belief 20 Participant
Trial Location 1 (cm) Searcher
(Version 3)

1 Training 50 Agent

2 Training 60 Agent

3 Training 70 Agent

4 Training 30 Agent

5 No Belief 20 Participant
6 No Belief 80 Participant
7 Training 20 Participant
8 Training 40 Agent

9 False Belief 20 Participant
10 False Belief 80 Participant
Trial Location 1 (cm) Searcher
(Version 4)

1 Training 50 Agent

2 Training 60 Agent

3 Training 70 Agent

4 Training 30 Agent

5 False Belief 20 Participant
6 False Belief 80 Participant
7 Training 20 Participant
8 Training 40 Agent

9 No Belief 20 Participant
10 No Belief 80 Participant

simulation hypothesis (and by extension the belief-simulation + AP
hypothesis). Given the greater power of this third experiment and the
small real-world effects found in experiments 1 and 2, we interpret the
totality of these results as more consistent with the belief-representation
hypothesis than the belief-simulation hypothesis.

Our results are therefore consistent with recent studies by Haskaraca
et al. (2023) and by Speiger and colleagues (2025), who also reported no
evidence of altercentric biases in an online, computerised version of the
sandbox task. There was one exception; in the latter study, when
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participants had first performed a block of trials where they were
required to take the other agent’s perspective explicitly there was evi-
dence of searches closer to Location 1 on false belief than true belief
trials on a second block when the task was now to search egocentrically
(the erosion of the egocentric perspective after practice taking other
perspectives has also been shown in a recent study using a spatial
perspective-taking tasks; Samuel et al., 2025). This altercentric bias in
block 2 could arise due to low-level practice effects from block 1 car-
rying over into block 2 (enhanced salience of the other agent or of the
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Fig. 6. Results of Experiment 3. The y axis shows distance Location 1 (which
could only be positive).

first location, practice discarding one’s own belief, etc) rather than a
sudden emergence of simulation. Since in the experiment reported here
Participants were never asked to take the Agent’s perspective or search
according to that perspective, our results are consistent with those ex-
periments of Haskaraca et al. and Speiger et al. where explicit
perspective taking did not precede egocentric searches, and extend their
findings to a more ecologically valid context with real human agents.
Despite this interpretation, there were two methodological differ-
ences between experiment 3, where there was no evidence of infection,
and experiments 1 and 2, where there was, which might account for the
discrepancy. Firstly, the belief-representation induction cues were
slightly different between the first two studies and the last study, and
this may have influenced whether or how strongly the participant rep-
resented the other agent’s false belief. In the first two studies, part of the
induction cue consisted in Participants actually seeing the ball being
move in the agent’s absence; whereas, in the last study, the Participants
were simply told that the ball was moved in the Agent’s absence.
Following the adage that seeing is believing, it is possible that in the first
two studies, what the Participant saw convinced them that the ball had
been moved in the Agent’s absence, allowing them to represent that the
Agent has a false belief about the location of the ball. However, Par-
ticipants in the last study may not have found it as compelling to believe
that the ball had been moved in the Agent’s absence (perhaps, the
experimenter was trying to mislead them for the sake of the experiment),
resulting in no or a weak representation that the Agent has a false belief
about the location of the ball. If Participants in the last study did not
have or had a weaker representation of the Agent’s false belief than
participants in the first two studies, we would not expect the represen-
tation of the Agent’s false belief to have the same effect on the Partici-
pants’ own searches in the last study compared to the first two studies.
Secondly, it could be that the search mechanism used by Participants
in the first two studies may have been different from the search mech-
anism used by Participants in the last study, and this difference may
have affected whether or how biased Participants were in their search
for the ball in the last study compared to the first two studies. In the first
two studies, the Participants could have used a belief-input search
mechanism that takes the Participant’s belief about the location the ball
was buried in the sandbox as an input and outputs a behaviour routine
directed at searching in that location in the sandbox. Since this search
mechanism takes a Participant’s actual beliefs about the location of
objects as inputs it is vulnerable to a biasing effect when a simulated
belief about the location of the object is fed into it as an input. However,
in the last study Participants do not have beliefs about the location of
ball in the sandbox, and so they could not use a belief-input search
mechanism guiding their pointing behaviour at a location in the sandbox
when prompted. The Participants in the last study are, after all, simply
guessing where the ball is buried compared to the Participants in the first
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two studies who clearly believe the ball is buried in a particular location
in the sandbox. Since the Participants in the last study are not using a
belief-input search mechanism, we perhaps should not expect that their
putative simulated belief of the Agent’s would bias their searches as they
might if they were using a belief-input search mechanism.

Assuming methodological divergences between experiments 1 and 2
on the one hand and experiment 3 on the other did not lead to the
absence of evidence for simulation in the latter, why might simulation
be evident in chimpanzees (Lurz et al., 2022) but not so in humans? One
possibility, albeit speculative, is that simulation is evolutionarily older,
and the only kind of ToM available to chimpanzees. An ongoing debate
in the ToM literature around belief-representation is whether language
(syntax, complement structure) is necessary to generate meta-
representations (e.g. de Villiers, 2021); this would naturally preclude
nonhuman animals. Relatedly, why might humans not simulate? One
possibility is that humans are capable of both simulation and meta-
representation but might default to the latter for ‘cognitive’ belief at-
tributions and to the former for spatial and affective perspective taking.
If this is correct, it might suggest an evolution from simulation for spatial
and affective perspective taking, followed (chronologically) in humans
alone by belief-representation for cognitive perspective taking, possibly
facilitated by the emergence of language. Human ontogeny may by
coincidence follow a similar path, with children potentially solving
perspective taking problems through belief-simulation until sufficiently
advanced in their cognitive and linguistic development. To illustrate,
belief-simulation could account for some recent developmental data. In
a study by Kovacs et al. (2021), 15-month-old infants watched as a first
experimenter (E1) hid a toy in one of two boxes in view of a second
experimenter (E2). The infant, however, did not see in which box the toy
was hidden but knew that both experimenters had knowledge of its
location. Next, E2, who had merely observed the hiding, showed the
infant which box the toy was in but then proceeded to hide it again such
that the infant no longer knew where it was. E1 was either present and
witnessed this second hiding or was absent and thus held a (potentially)
false belief. Either way, E1’s first belief about the location of toy was
now revealed to the infant. When the infants were allowed to search for
the toy, they could not know which box it was in, but were more likely to
search in this revealed location corresponding to E1’s first belief when
E1l had been absent during the second hiding. The researchers inter-
preted this finding within the framework of a standard belief-
representation account and argued that the infants generated and sus-
tained a metarepresentation of E1’s (potentially) false belief because,
unlike when E1 was present and her belief could be updated to reflect
reality, it was still worth sustaining information that E1 thought was
true. Kovacs and colleagues were also interested in the incremental
construction of the different components of a metarepresentation (i.e.,
that it was not possible to code all at once all the different components of
the metarepresentation). They argued that metarepresentation allowed
the infants to maintain “placeholder” components, each distinct from
the other, and to populate these sections as more information was
revealed throughout the task. This, they argued, makes meta-
representation a strong candidate for belief attributions even in infants.
Additionally, Kovacs and colleagues suggested that infant altercentrism
could support the belief-priming effect (Southgate, 2020). However, an
alternative explanation is that once E1’s specific belief (that the toy was
in box A) was revealed, the infants simulated E1’s belief that the toy was
hidden in box A, and this biased their own search behaviour as predicted
by a belief-simulation account. It is beyond the scope of this paper to
evaluate the potential for simulation accounts to also be constructed
incrementally, as Kovacs and colleagues suggest metarepresentations
can, but it is not impossible that infants first simulated E1’s belief by
imagining believing that the toy was in a box and then updating this
simulated general belief (once the specific content of E1’s belief was
revealed) to simulate E1’s specific belief that the toy was in box A.

There are other types of belief-reasoning that are harder to fit within
a belief-simulation account. We know that human adults can not only
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reason about others’ mental states, but also reason about others’ mental
states about others’ mental states. Belief-simulation should struggle,
relatively speaking, to account for “recursive” ToM, whereby one per-
son’s belief is embedded in another person’s belief, such as in John be-
lieves that Mary believes that [the treasure is in the chest] (Oesch & Dunbar,
2017; Wilson et al., 2023). Attempting to simulate John’s more complex
belief in this case, while not impossible, would also appear to require the
simulation of Mary’s. Given that simulation allows for belief infection,
generating a detached representation would seem better able to avoid
confusion.

Overall, our results suggest that adult humans do not automatically
simulate the (false) beliefs of others, or are not impacted by any such
simulation in their own egocentrically-directed action. While a null
result cannot usually be considered powerful evidence in favour of a
hypothesis, these data are consistent with a theory by which the beliefs
of another agent can indeed be quarantined from our own egocentric
representations such that our own search behaviour can proceed
unimpaired.
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