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Abstract

Considerable debate has focused on whether adults possess an implicit system for repre-
senting others’ mental states. Some argue that people automatically represent the perspec-
tive of others using evidence from altercentric interference—cases in which another agent’s
perspective affects the speed with which one can report one’s own perspective. Others
have argued that altercentric interference is not always specific to social stimuli and thus
may represent a simpler process such as submentalizing. To distinguish between these
positions, Study 1 developed a novel measure of altercentric interference—a “sandbox”
measure—that allowed us to more sensitively assess altercentric interference across social
and non-social conditions. We replicated previous findings showing that participants experi-
ence both egocentric and altercentric interference, but we found that these effects emerge
equally in social and non-social conditions. To further test whether altercentric interference
emerges in social perspective-taking situations, Study 2 conducted a conceptual replication
of a study which used a novel “goggle” paradigm to assess whether individuals implicitly rep-
resent others’ perspectives. Although we failed to find evidence of altercentric interference
in response times, participants’ accuracy reflected the possibility of interference from others’
perspectives. We argue that these findings provide support for the idea that altercentric
interference in response to social stimuli (an avatar) is driven by perspective-taking mecha-
nisms, while such interference in response to non-social stimuli (an arrow) is driven by atten-
tion-cuing mechanisms.

Introduction

Navigating the social world requires complex computations about the often variable contents
of other people’s minds. Indeed, other people’s minds can include anything from simple per-
spectives, such as what one sees, to complex belief states, such as thinking something is false.
Despite widespread agreement that adults—and even infants as young as 15 months of age [1-
2]—appear to possess capacities for understanding other people’s perspectives and mental
states, much debate exists around the nature of these capabilities. Do humans rapidly and
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efficiently compute other people’s perspectives, goals, and belief states? Or does such a capacity
emerge from more effortful, deliberative thinking?

One prominent answer to this question is that humans have two different “theory of mind”
(ToM) systems: an implicit and early emerging system and a second more effortful system,
that develops later in life [3-4]. In support of this idea, researchers have found that infants in
the second year of life appear to represent others’ false beliefs when tested using implicit look-
ing time measures [1, 5], even though they perform poorly on false belief tests that require
explicit, verbal responses until around four years of age [6]. In addition, researchers have
observed that non-neurotypical populations like those with autism spectrum disorder (ASD)
show different performance when tested on implicit and explicit ToM tasks. ASD individuals
show less evidence of implicit mentalizing than neurotypical individuals [7-8], although both
ASD and non-ASD individuals perform similarly on explicit verbal ToM tasks.

Taken together, this work has led many researchers to argue that humans possess two sys-
tems for representing others’ mental states, one of which computes others’ mental states
implicitly, rapidly, and efficiently [9] and the other of which computes others’ mental states in
a deliberative manner. Hereafter, we will refer to this view as the implicit mentalizing view: the
claim that at least some of our mentalizing occurs rapidly and without cognitive effort [3-4].

Several researchers have argued against this implicit mentalizing position with an alterna-
tive hypothesis: there is in fact no implicit, early emerging system for representing others’
beliefs. Under this so-called submentalizing account, effects assumed to result from implicit
mentalizing instead result from experimental artifacts [10-11], such as simple attentional cue-
ing [12]. Proponents of this submentalizing position argue that perspective taking and belief
representation result only from a cognitively-effortful and later emerging system [13].

The debate around whether the implicit mentalizing or submentalizing hypotheses better
captures humans’ ToM capacities has received significant attention in recent years [9]. Much
of this debate has centered around contested findings on a dot perspective-taking task, origi-
nally developed by Apperly and colleagues [14-15]. In this task, participants are asked to
count the number of dots on a screen. Importantly, an avatar is also present on the screen
when the dots are revealed. Critically, the avatar sees a number of dots that is either the same
as or less than the number of dots that the participant sees. Participants are then asked to verify
either their own perspective or the avatar’s perspective. In line with previous work on the
‘curse of knowledge’ [16], participants take longer to report the number of dots the avatar sees
when the number of dots the participant sees is different. That is, participants experience ego-
centric interference on this task: participants’ ability to verify what the avatar sees is affected by
participants’ own perspective. More importantly for the debate surrounding implicit mentaliz-
ing, however, participants also take longer to report how many dots they themselves see when
the avatar sees a different number of dots. This second form of error, which has been central to
mounting a case for the implicit mentalizing hypothesis, is characterized as altercentric inter-
ference: participants’ ability to report their own perspective is affected by the perspective of the
avatar.

A number of critics have challenged the claim that altercentric interference on the dot per-
spective-taking task provides evidence for an implicit mentalizing system. Indeed, several
scholars have argued that similarly strong altercentric interference effects emerge in an analo-
gous task that involves no agent (and thus cannot result from mentalizing or perspective tak-
ing). For example, Heyes [12] has demonstrated that altercentric interference effects emerge in
the dot perspective-taking task when the avatar is replaced with an arrow [11]. This finding
has been leveraged to argue that humans do not effortlessly compute others’ perspectives;
rather, altercentric interference effects arise because of attentional cueing and are not specifi-
cally tuned to social scenarios as the implicit mentalizing hypothesis would predict.
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Which of these two interpretations is correct, however, has elicited a considerable amount
of debate in recent years. Much of this work has focused on assessing the domain-specificity of
the altercentric interference effect: does altercentric interference indeed emerge in situations
that are specifically social, as the implicit mentalizing account would predict? In one study,
Nielsen, Slade, Levy, and Holmes [17] found that altercentric errors did emerge in a perspec-
tive-taking task in social (an agent), semi-social (an arrow), and non-social (a dual-colored
block) conditions, but the magnitude of these altercentric interference effects were most pro-
nounced in the social condition. They also found that altercentric interference effects correlate
with self-reported perspective taking and empathy for the social condition only. In a second
line of work, Drayton, Boothby, Santos, and Dunham [18] found that altercentric interference
effects are specifically susceptible to social biases; Drayton and colleagues found that White
participants spontaneously took the perspective of a White avatar more frequently than that of
a Black avatar. Taken together, these findings suggest that the magnitude of altercentric inter-
ference observed on a given task is affected by socially relevant variables, such as individual dif-
ferences in people’s social biases and the social category of an avatar.

In contrast to these findings, a sizable amount of counter-evidence demonstrates that alter-
centric interference can occur in non-social situations and with populations who lack social
aptitude. For instance, Cole, Atkinson, Le, and Smith [19] found that participants still demon-
strate altercentric inference even when the avatar cannot see the dots because of an intervening
wall (although see [20]). Additionally, using a slightly different task to assess perspective tak-
ing, Santiesteban, Shah, White, Bird, and Heyes [21] found that performance was unaffected
by whether a human or camera served as an avatar. They also found that populations with
known deficits in mentalizing, namely ASD participants, performed similarly to neurotypical
participants on an implicit perspective-taking task. Finally, Wilson, Soranzo, and Bertamini
[22] elicited consistent rapid perspective-taking effects while systematically manipulating the
social relevance of the scene, suggesting that perspective taking is not exclusively tuned to
social stimuli. These results hint that participants may not be computing the avatar’s perspec-
tive during perspective taking tasks, but rather are exhibiting an interference effect because of
more domain general attentional cues.

To specifically test this deflationary attentional account, Furlanetto, Becchio, Samson, and
Apperly [23] adapted the original dot perspective taking task so that a human agent’s atten-
tional cues were always present, but manipulated whether the human could see. To do so, they
presented participants with an avatar that sometimes wore opaque or translucent goggles. Par-
ticipants showed altercentric interference when the avatar was wearing translucent goggles or
no goggles but not when the avatar wore opaque goggles (i.e., when the avatar could not see).
This finding provides strong evidence that altercentric interference is affected by cues related
to perspective taking, thereby providing more support for the implicit mentalizing hypothesis.
A recent paper, however, failed to find similar effects in a replication attempt [24], making it
difficult to determine the robustness of Furlanetto and colleagues’ [23] effects.

To date, researchers have used numerous methodological adaptations to Samson et al.,
[14]’s original dot perspective-taking task to test whether altercentric interference results from
implicit mentalizing per se or from more domain-general submentalizing processes. These
methodological changes have included varying the social nature of the stimuli, examining how
individual differences on other social measures affect altercentric interference, and altering ele-
ments of the experimental scene to reduce confounds across consistent and inconsistent trials.

In the present paper, we seek to contribute to this burgeoning body of research by conduct-
ing two studies aimed at varying other important features of the dot perspective-taking task. In
Study 1, we developed a novel dependent measure of altercentric interference, one that can
more sensitively detect possible differences in altercentric interference for social and non-
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social stimuli. By adopting a potentially more sensitive measure of accuracy, we hope to better
capture whether participants’ performance differs for social versus non-social stimuli. In Study
2, we conducted a conceptual replication of what we thought was the most convincing finding
in support of the implicit mentalizing position to date—Furlanetto et al.’s [23] finding that
people exhibit altercentric interference when the avatar in the dot-perspective taking task is
wearing translucent goggles but not when the avatar is wearing opaque goggles (i.e., when the
avatar cannot see). Since one recent paper has reported failing to replicate this effect [24], we
felt an additional attempt to find an effect similar to that of Furlanetto and colleagues’ [23]
would provide important insight into the robustness of this finding.

Study 1

In our first study, we developed a continuous dependent measure to more sensitively test levels
of altercentric interference across social and non-social stimuli. Altercentric interference is
thought to occur when another agent’s perspective interferes with the representation of one’s
own perspective. In this way, true altercentric interference should affect the accuracy of one’s
perspective judgments. Unfortunately, researchers have tended not to use accuracy as a mea-
sure of altercentric interference since this measure is often binary (e.g., correct vs. incorrect).

To use a continuous measure, researchers have historically measured altercentric interfer-
ence by using differences in response time, specifically whether people take longer to report
their own perspective when an avatar has a different versus similar perspective. Researchers
then compare these continuous response time differences across different conditions (e.g.,
social vs. non-social) to see how different social variables affect levels of altercentric interfer-
ence. Although response time measures helpfully provide a continuous measure of altercentric
interference, such measures are potentially problematic in that different kinds of factors can
lead to increased response time on perspective-taking tasks.

With this in mind, we developed a novel continuous measure of the accuracy of partici-
pants’ egocentric perspective reports. To do so, we borrowed a continuous measure originally
developed to test fine-grained differences in the accuracy of children’s mental state represen-
tations—a “sandbox” measure [25-26]. Sommerville and colleagues [26] developed this
sandbox measure as a more continuous measure of children’s accuracy in a false belief task
[27]. In a typical false belief task, child participants see one puppet, Sally, place a toy in a cer-
tain location and leave the room. A second puppet, Anne, then comes into the room and
changes the location of the toy. Upon Sally’s return, children are typically asked in which of
the two locations Sally will look for her toy. Historically, children’s accuracy on this task was
measured in a binary way (e.g., correct or incorrect).

Sommerville et al. [26] provided a major innovation on this task by changing this binary
measure of accuracy into a more continuous one. To do so, they modified the standard task so
that that Sally hid her toy in one side of a long sandbox rather than one of two locations. Anne
then moved the toy and hid it inside the sand on the other side of the sandbox. Children were
then asked where in the sandbox Sally will look for her toy. Using this more continuous
sandbox measure, Sommerville and colleagues [26] found that the extent of children’s errors
in search location decreases as children get older.

In Study 1, we apply the logic of this continuous sandbox measure to the dot perspective-
taking task. Specifically, we allowed participants to report how many dots they saw from their
own and an avatar’s perspective on a number line. We could then test whether the location
participants indicate on the number line differs depending on whether an avatar has a different
versus similar perspective. Further, we could compare these continuous number line differ-
ences across different conditions (e.g., social vs. non-social) to see how different conditions
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affect levels of altercentric interference. Our novel continuous accuracy measure also allowed
us to examine whether altercentric interference emerges for dependent measures outside the
typical ones (i.e., response times), which also aids in understanding the generalizability of
altercentric interference effects.

In adopting this measure, two possibilities emerge: one possible hypothesis is that the mag-
nitude of participants’ errors may decrease as a function of the sociality of the stimulus. That
is, participants may make greater errors for human avatars because participants are indeed
representing their contents of another agent’s mind in a more differentiated way than for
arrows. Another possibility is that the magnitude of participants’ errors will not differ as a
function of the sociality of the stimulus.

To best maximize our use of this new number line measure, we increased the total maxi-
mum number of dots seen by the participant in our task. In a typical dot perspective-taking
study [14-15], participants see between 0 and 3 dots. We worried that this small range of num-
bers would not adequately capture variance in participants’ number line choices. Rather than
arbitrarily varying the numbers seen by the participant and avatar, we drew on research from
the number cognition literature that adults are better able to discern the difference between
two numbers when the ratio between the two numbers is small [28]. Specifically, individuals
are better able to detect differences between numbers as the ratio between the numbers
decreases. With this in mind, we expanded the numbers of dots participants saw in our task
(maximum of 12 total dots) and varied the ratio between the participant’s and avatar’s
perspective.

Method

The research presented in the current manuscript was conducted under the approved proto-
col: 1503015578: Theory of Mind Applied to Different Social Categories (the author’s
institution).

Participants. We tested adults (N = 49) via Amazon Mechanical Turk (MTurk). Three
participants failed to correctly input an ID number when directed to an external link to com-
plete the task and thus we were unable to collect their demographic information. A power
analysis indicated that with this sample size, we would have had 92.91% power to detect an
effect of moderate size (Cohen’s d = .50). Among the remaining 46 participants, 27 were male
and 19 were female, ranging in age from 20 to 61 years of age (M = 30.65, SD = 8.59).

Procedure and materials. The procedure consisted of three elements: (1) Instructions,
(2) Practice Trials, and (3) the Dot Perspective-Taking Task.

(1) Instructions: Participants first entered the task via M-Turk and viewed instructions on a
Qualtrics page. Specifically, we told participants:

In this experiment, you will see several images that depict either a man looking at squares or
an arrow oriented toward squares. Sometimes the man or the arrow will be looking/pointing
to the left and other times the man or arrow will be looking/pointing to the right. Before see-
ing an image, you will be prompted to attend to a) how many squares you see indicated by
the prompt YOU; b) how many squares the man sees indicated by the prompt HIM; or c)
how many squares the arrow is oriented towards indicated by the prompt ARROW. You
will then see a rating scale. You should click on the number line where you believe the num-
ber is located that corresponds with the perspective you were asked to attend to.

We then showed participants practice images with correct answers to ensure that partici-
pants understood the directions. Specifically, participants saw an image where the participant
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and the avatar both saw 2 squares. Underneath the image read: “For instance, if you were
asked to attend to YOU, you would indicate 2 on the rating scale. If you were asked to attend
to HIM, you would also indicate 2.” They also saw two other practice images: one where an
avatar was oriented toward a different number of squares than depicted on the whole screen
and one where the arrow was oriented toward a different number of squares than depicted on
the whole screen. Underneath these images read: “In other circumstances, the task may be
more challenging. Here, if you were asked to attend to YOU, the correct response would be 2.
If you were asked to attend to [HIM/ARROW], the correct response would be 1.” Participants
then acknowledged they understood the task and clicked a link to enter the experiment.

(2) Practice trials: The participant then entered their ID number into an external task and
participated in ten practice trials to adjust to the nature of the experiment. These trials com-
prised ten trials that included a random sampling of experimental trials from the experimental
dot perspective-taking task. Upon completing those trials, the participant was told that the
practice trials were complete and that they were to begin the test session. They were told to
complete the entire task in one sitting in a quiet setting.

(3) Dot perspective-taking task: The dot perspective-taking task was based off of theSamson
et al. [14] study. Each trial consisted of a person standing in the middle of a room oriented
either to the left or the right. All the trials systematically differed from one another. In config-
uring the experiment, we manipulated perspective (self, other), consistency (consistent, incon-
sistent), scene sociality (human, arrow), and ratio (small, large).

As in previous dot perspective-taking task studies [14-15], we varied which perspective par-
ticipants were prompted to attend to across the trials. On half the trials, participants were
instructed to pay attention to their own perspective (“self” trials) by the prompt “YOU”. On
the other half, participants were instructed to attend to the arrow or avatar (“other” trials) by
the prompt “HIM” or “ARROW”. As noted previously, we also manipulated consistency. Par-
ticipants saw the same number of squares as avatar/arrow for half of trials (consistent trials),
whereas participants saw a different number of squares than the avatar/arrow for the other half
of trials (inconsistent trials).

We made two modifications to the original task: a scene sociality manipulation and a ratio
manipulation. For the scene sociality manipulation, we varied the sociality of the avatar. Specifi-
cally, we used either a social stimulus (a human avatar) or a non-social stimulus (an arrow).
For the ratio manipulation, we varied the difference in the ratio of squares seen from the per-
spective of the avatar and the participant; we used both a small ratio difference (.25) and a
large ratio difference (.50). Because we did not want participants to always see the same ratio
condition with the same set of squares (e.g., the other’s perspective was always 1 and the partic-
ipant’s perspective was always 4 for the small ratio condition), we also varied the quantity of
squares on the screen to allow for two quantities for each ratio. In doing so, the total amount of
squares on the screen varied from 2, 4, 6, or 12. The small ratio was always depicted in the
quantity 4 (1 as the other’s perspective and 4 as the participant’s perspective) or 12 (3 as the
other’s perspective and 12 as the participant’s perspective). The large ratio (.50) was always
depicted with the quantities 2 (1 as the other’s perspective and 2 as the participant’s perspec-
tive) or 6 (3 as the other’s perspective and 6 as the participant’s perspective). We controlled the
amount of pixels the black square occupied across all ratio trials.

Each trial began with a fixation cross (presented for 750 milliseconds) preceded by a per-
spective prompt (i.e., “self” or “other” trials; presented for 750 milliseconds; see Fig 1). After
the perspective prompt, the participant saw a stimulus image for 1500 milliseconds. The partic-
ipant then saw a sliding scale anchored on the right with a 15 and on the left with a 0 for 1500
milliseconds. Note that no intermediate numbers were displayed as to allow for participants
to quickly respond to the task without having to read more than two number labels. The
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Fig 1. Examples of trials from Study 1. Depicted here are examples of consistent and inconsistent trials across
“Self”/“Other” and social/non-social trials: (A) Self/Consistent/Social trial—Correct Answer: 4; (B) Other/Consistent/
Social trial—Correct Answer: 4; (C) Other/Consistent/Non-social trial—Correct Answer: 4; (D) Self/Inconsistent/
Social trial—Correct Answer: 4; (E) Other/Inconsistent/Social trial—Correct Answer: 1; (F) Other/Inconsistent/Non-
social trial—Correct Answer: 1.

https://doi.org/10.1371/journal.pone.0194101.g001

participant was then asked to perform a mouse click on the continuous scale to indicate their
answers of how many squares. The order of the stimuli was fixed for all participants a priori
via a random number table. We adhered to the random ordering except when the ordering
indicated consistent or inconsistent trials occurring more than 3 consecutive times.

Results

Data preparation. Prior to conducting any analyses, error values were calculated by sub-
tracting the participant’s actual number line response from the correct response on every trial.
Negative values indicated that the participant clicked lower than the true value on the number
line (negative errors), whereas positive values indicated that the participant clicked higher
than the true value on the number line (positive errors). In the case of consistent trials, positive
and negative errors represent mistaking the true value seen. In inconsistent “self” trials, nega-
tive errors represent altercentric errors because the avatar/arrow always saw less than the over-
all number of squares depicted on the screen. Positive errors represent overestimation of the
total amount of dots seen by the participant. In inconsistent “other” trials, negative errors rep-
resent underestimating the true value from the perspective of the avatar/arrow. Positive errors
in the inconsistent “other” trials represent egocentric errors. This is because the avatar always
saw less, therefore any positive correction represents a pull in the direction of participant’s per-
spective. Finally, because each participant also responded to each condition twice, responses to
both conditions were averaged to render a mean error for each condition for every participant.
We also collected and analyzed response time data [see S1 File for full information].

Errors. Weran a2 (Perspective: You, Him/Arrow) x 2 (Consistency: Consistent, Inconsis-
tent) x 2 (Sociality: Human, Arrow) x 2 (Ratio: Small, Large) repeated measures analysis of var-
iance (ANOVA). Here, the Perspective x Consistency x Sociality x Ratio interaction was not
significant, F(1, 48) = 2.82, p = .100, np2 =.056; individuals’ errors did not differ as a function
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Fig 2. Depiction of the Perspective x Consistency x Sociality interaction. Error bars represent +1 SEM; *** p < .001.

https://doi.org/10.1371/journal.pone.0194101.g002

of small or large ratios. Because this four-way interaction was not significant, we collapsed
across ratio. We then ran a 2 (Perspective: You, Him/Arrow) x 2 (Consistency: Consistent,
Inconsistent) x 2 (Sociality: Human, Arrow) repeated measures ANOVA. Again, we did not
find a significant Perspective x Consistency x Sociality interaction, F(1, 48) = .38, p = .542,

np2 =.008. As Fig 2 illustrates, there were no consistent differences in errors between the arrow
and human condition within the perspective and consistent trials.

We therefore collapsed across sociality to see whether there was a Perspective x Consistency
interaction. There was a significant main effect of Consistency, F(1, 48) = 13.01, p = .001,1,” =
.213. Participants made greater errors in the inconsistent trials, M = -.36, SD = 1.02, compared
to the consistent trials, M = .01, SD = .90. We also found a significant main effect of Perspec-
tive, F(1, 48) = 23.84, p < .001, npz =.332; specifically, participants made more altercentric
errors on “self” trials, M = -.54, SD = 1.22, compared to in “other” trials, M = .18, SD = .69, in
which they made egocentric ones. Importantly, there was a significant Perspective x Consis-
tency interaction, F(1, 48) = 29.76, p < .001, npz =.383. When participants were asked about
their own perspective, they made greater errors in inconsistent trials, M = -1.06, SD = 1.54,
compared to consistent trials, M = -.02, SD = .91; #(48) = 5.62, p < .001. Similarly, when partic-
ipants were asked about the avatar’s or arrow’s perspective, they made greater errors in the
inconsistent trials, M = .33, SD = .50, compared to the consistent ones, M = .04, SD = .90;

1(48) =2.23, p = .03.

Because small samples tend to lead to increased Type II error, we also tested for null effects
using Bayesian statistics using JASP (https://jasp-stats.org/). These analyses compare models
according to a null hypothesis and an alternative hypothesis for best fit [29]. Using this tech-
nique, we compared the strength of the consistency effect in the human condition compared
to the arrow condition. We tested for a null effect because past research has consistently found
altercentric effects both for avatars as well as arrows [11, 12, 19, 21]. The Cauchy prior-a
hypothesis effect size (Cohen’s d) distribution-was the default in the JASP software (.707). The
estimated Bayes factor suggested that the data were 6.34: 1 in favor of the null hypothesis—this
was categorized as a strong effect. That is, it is 6.34 times more likely that a null effect exists
such that the observed altercentric effects are no stronger in the human condition than the
arrow one. Overall, these findings indicate that individuals make altercentric and egocentric
errors (in terms of accuracy) in the presence of both social and non-social stimuli.

It is worth nothing that we also examined whether there was an effect of participant gender.
In Samson et al. [14]’s study, they matched the gender of the avatar to that of the participants’
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most likely to account for mentalizing differences in cases where the gender of the participant
differs from the avatar. Here, the gender of the avatar was always male. Importantly though,
we did not find an interaction effect of gender, p = .552.

Discussion

Study 1’s primary aim was to assess whether changing the dependent measure of the typical
dot perspective-taking task from response times to a more sensitive, continuous measure of
accuracy would reveal stronger altercentric interference effects for social stimuli compared to
non-social stimuli. In other words, would individuals pull their perspective indication on a
number line toward that of the avatar’s more so than in cases when the arrow was present? We
did not find evidence of this possibility. Although we replicated the effect documented in Sam-
son et al. [14] that individuals make both egocentric and altercentric errors in the dot perspec-
tive-taking task, we also found that participants made these sorts of errors for both non-social
stimuli (i.e., arrows) and social stimuli (i.e., avatars).

In this way, our results align with previous work showing that altercentric interference is
not specifically social in nature [11-12]. Importantly, Study 1 builds on these previous findings
in that we observed no difference between social and non-social conditions even when our
more sensitive sandbox measure is used. Previous evidence that altercentric interference is not
domain-specific has used response time measures, which may be problematic because they are
particularly susceptible to a myriad of factors. Our results using a more sensitive sandbox task
observe a similar pattern as previous response time studies: participants had comparable levels
of errors in the arrow condition and the avatar condition. This finding therefore fits with other
research suggesting that altercentric interference effects may result from submentalizing pro-
cesses. Our findings also broadly align with literature indicating that individuals do not rapidly
represent the minds of others [11, 12, 19, 21, 22].

Study 2

At first glance, the results of Study 1 did not indicate support for the implicit mentalizing posi-
tion—participants were equally inaccurate when the interfering stimulus was social versus non-
social. However, the findings are consistent with two possibilities. For one, it is plausible that
altercentric errors emerge for both the arrow and the avatar because of strictly attentional
cues. Second, it is also possible that errors that appear like altercentric errors emerge in the
arrow case because of attentional cueing, whereas the altercentric errors emerge in the avatar
case because of rapid perspective-taking mechanisms. Study 1 cannot discern between these
two possibilities.

In light of this, we opted to conduct a conceptual replication of a previous study to shed
light on which account is correct. Specifically, we attempted to replicate Furlanetto et al. [23]’s
study which provides some of the strongest evidence to date that the adults implicitly represent
the perspective of others. As reviewed above, Furlanetto et al. [23] varied whether an avatar
could see the dots in the dot perspective-taking task by making the avatar “blind” or not. Spe-
cifically, they manipulated whether an avatar could see the dots by having the avatar wear
opaque goggles or not. Note that this design, by making the avatar “blind” or not, varies per-
spective-taking cues independently of attentional cuing. These researchers found that partici-
pants made altercentric errors only in the cases when the avatar wore translucent or no glasses
(i.e., was not blind), but not when the avatar wore opaque ones (i.e., was blind). These findings
provide evidence that altercentric interference effects arise because of perspective-taking
mechanisms and not attentional-cuing mechanisms.
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It is also worth mentioning that we did not utilize the sandbox measure in this study
because the primary aim was to replicate Furlanetto et al. [23]’s findings and not to further
examine whether adopting a continuous accuracy measure may play a role in interpreting
altercentric interference effects.

Method

Participants. We tested 45 individuals on Amazon Mechanical Turk. Ten participants
were excluded for failing comprehension checks and one participant was excluded for not
responding to all trials. The final sample thus included 34 participants ranging in age from 22
to 59 years (M = 36.34, SD = 9.25). Using the effects of Furlanetto et al. [23] as a benchmark
(the smallest effect of importance was the inconsistency effect in the eyes condition, #(16) =
2.32, Cohen’s d = 0.56), a power analysis revealed that we would have 97% power to detect an
effect of this size in our sample.

Procedure and materials. The procedure was similar to Furlanetto et al. [23] with several
important differences. The procedure consisted of four elements: (1) Instructions, (2) Seeing
Induction, (3) Practice Trials, (4) Dot Perspective-Taking Task.

(1) Instructions. Participants first entered the task via M-Turk and viewed instructions on
Qualtrics. Specifically, we told participants:

In this experiment, you will see several images that depict a man looking at circles. Some-
times the man will be looking to the left and other times the man will be looking to the
right. Before seeing an image, you will be prompted to attend to a) how many circles you
see indicated by the prompt YOU, or b) how many circles the man sees indicated by the
prompt HIM. You will then see a number, ranging from 0 to 3, and then an image. When
you see an image, a) click A if the number matches the number of circles the person you
were prompted to attend to saw, or b) click L if the number does not match the number of
circles the person you were prompted to attend to saw.

Participants then saw several example trials to ensure they understood the nature of the
task, as was done in Study 1. For instance, participants saw a consistent trial in which both the
participant and the avatar saw three dots. Participants were told: “If you were prompted with
YOU and then 3, you would indicate yes (A). If you were prompted with YOU and then 2, you
would indicate no (L). If you were prompted with HIM and then 3, you would indicate yes
(A). If you were prompted with HIM and then 2, you would indicate no (L).” They also saw an
example of an inconsistent trial with similar guidance. Participants were then asked two com-
prehension questions in which they saw a consistent and inconsistent trial. Specifically, they
were shown an inconsistent trial when the participant’s perspective was 2 and the avatar’s was
1. Participants were asked, “If you were prompted with YOU and 2, what would you click: A
or L? (Answer: A)” They were also shown a sample trial in which an avatar did not see any
dots and the participant saw 2. They were prompted, “If you were prompted with HIM and 2,
what would you click: A or L? (Answer: L)” Participants had to respond correctly to these two
questions to be included in final analyses.

(2) Seeing induction. Participants next viewed a YouTube video (see sample video here:
https://youtu.be/Yz80SYsDmgc; see Fig 3), which informed participants about which glasses—
either red or blue—were transparent or opaque. Specifically, all participants saw a female
experimenter reading the following script:
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Fig 3. Depiction of belief induction event. The entire belief induction event was a video presented to participants
online. The individual in this manuscript has given written informed consent (as outlined in PLoS consent form) to
publish this image.

https://doi.org/10.1371/journal.pone.0194101.9003

In this study, you will see a man standing in the middle of the room. In this room, there will
be dots on the wall. Some of the time, the man will see less dots than you. And, other times
you will see the same amount of dots as the man. It’s also important to note that sometimes
the man will not be wearing any glasses at all. Other times, the man will be wearing red or
blue glasses. Here’s the catch—the red and blue glasses are different. Here are the [blue/red]
glasses. You can see—they are [blue/red]. When you wear these glasses, you cannot see
through these glasses. Here are the [red/blue] glasses. You can see—they are [red/blue].
When you wear these glasses, you can see through these glasses. To repeat, here are the
[blue/red] glasses. When you look through these glasses, you cannot see through them.
Here are the [red/blue] glasses. When you look through these glasses, you can see through
them.

Which glasses color were translucent and which were opaque were counterbalanced across
participants. The experiment always held the glasses up to the screen to give the participant the
experience of seeing through the glasses for both the translucent and opaque glasses.

After watching the belief induction video, participants had to respond to two comprehen-
sion questions. Specifically, they were shown a picture of an avatar in blue or red glasses
(which color was depicted depended on which glasses were translucent). Here, the avatar saw
1 dot, whereas the participant saw 2. We asked, “If you were prompted with HIM and 1, what
would you click: A or L? (Answer: A)” The second question depicted an avatar with blue or
red glasses (which color was depicted dependent on which glasses were opaque). The avatar
saw 1 dot, whereas the participant saw 3. Participants were asked, “If you were prompted with
HIM and 1, what would you click: A or L (Answer: L). Participants had to respond correctly to
these two questions to be included in final analyses. Participants were then directed to an
external link to complete the experimental task.

(3) Practice trials. As in Study 1, participants first participated in 10 practice trials to adjust
to the nature of the task and were told upon completing those practice trials that they were
going to begin the experiment.
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(4) Dot perspective-taking task. The dot perspective-taking task was based off of Furlanetto
et al. [23]. Each trial consisted of a person standing in the middle of the room oriented either
to the left or right. Across the trials, we manipulated whether the participant saw the same
number of dots as the avatar (consistency: consistent, inconsistent), whether the participant
was instructed to attend to their participant or the avatar (perspective: YOU, HIM), and
whether the avatar could see (seeing: no goggles, translucent, opaque).

After manipulating consistency, perspective, and seeing in addition to randomizing which
side of the screen the avatar looked, our sample included 288 trials. The participant and avatar
saw the same number of dots on half of these trials t (i.e., consistent trials), whereas the partici-
pant saw more dots than the avatar on the other half of trials (i.e., inconsistent trials). On a
third of the trials, the avatar wore no goggles. On another third, the avatar wore translucent
goggles. On the last third, the avatar wore opaque goggles. These trials were then divided into
six blocks each, and we also included two filler trials where no dots were displayed on the
screen. We ensured that half of the test trials per block elicited “yes” responses, whereas the
remaining trials elicited “no” responses. Translucent and opaque goggle trials were not inter-
mixed within blocks as to avoid participant confusion. To ensure that each block comprised
an equal number of trials, each block included 66% goggle trials and 33% no goggle trials.
Block order and order within blocks were randomized for each participant.

The stimuli were programmed by and hosted on PsychPopUp (www.psychpopup.com).
Participants first viewed a fixation cross for 750 ms and then viewed the perspective indication
(YOU, HIM) for 750 ms (See Fig 4). There was a 500 ms pause in between the fixation cross
and perspective indication. 500 ms after the perspective indication participants saw a number
ranging from 0 to 3 proceeded by another 500 ms pause and then an image. The image
remained on the screen for 2000 ms. Participants could respond yes or no during this 2000 ms
interval. If participants did not respond during that period, the study then proceeded and the
participant’s response was not included in analyses (1.31% of trials). Note that the dependent
measure was not the sandbox measure utilized in Study 1, as we aimed to only replicate Furla-
netto et al. [23] here.

/\500 ms

YOU

+
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/XSOO ms
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2
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Fig 4. Depiction of Study 2’s procedure. Participants first saw a fixation cross followed by a perspective indication for
either self (YOU?”) or other (‘HIM”) trials. Participants then saw a number indication followed by an image of the
avatar. At this point, participants then had 2000 ms to respond “yes” or “no” by clicking buttons on a computer.

https://doi.org/10.1371/journal.pone.0194101.9004
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Results

Data preparation. We followed the same analytical strategy as Furlanetto et al. [23].

Only trials in which the participant answered correctly were included in response time analy-
ses. If a participant’s response time on any given trial was 2.5 times the standard deviations of
the participant’s mean response time, then the trial was not included in analyses. We also only
examined trials for which participants responded “yes” because the “no” trials were dispropor-
tionately difficult in the inconsistent cases compared to the consistent cases. For all pairwise
comparisons, we adopted a Bonferroni correction.

Response times. We conducted a 2 (Perspective: You, Him) x 2 (Consistency: Consistent,
Inconsistent) x 3 (Seeing: No Goggles, Translucent Goggles, Opaque Goggles) repeated mea-
sures ANOVA. We found a significant main effect of Consistency, F(1, 33) = 24.10, p < .001,
n,’ = .422. Participants took less time to respond in consistent trials, M = 861.40, SD = 211.82,
compared to inconsistent trials, M = 893.58, SD = 208.71. We also found a significant main
effect of Perspective, F(1, 33) = 18.67, p < .001, 1, = .361. People took longer to respond when
attending to the avatar’s perspective, M = 906.18, SD = 220.42, compared to when attending to
their own perspective, M = 848.80, SD = 200.12. We did not find a significant main effect of
Seeing, F(2, 32) = 2.22, p = .125,n,” = .122, meaning participants did not taking any longer to
respond across the three types of goggle trials (i.e., no goggles, translucent goggles, or opaque
goggles).

We also found a Perspective x Consistency interaction, F(1, 33) = 13.31, p = .001,n,” = .287.
Participants took significantly longer to respond to “other” trials when the perspectives were
inconsistent, M = 937.08, SD = 223.88, compared to consistent, M = 875.28, SD = 216.95;

1(33) =5.29, p < .001. These response times suggest that participants experienced egocentric
interference such that they take longer to verify the avatar’s perspective because it conflicted
with their own. Participants did not take any longer to respond to “self” trials when the
perspectives were inconsistent, M = 847.53, SD = 206.70, compared to consistent ones,

M = 850.08, SD = 193.54; t(33) = .25, p = .803. These response times suggest that participants
did not experience altercentric interference.

We did not observe an interaction between Perspective and Seeing, F(2, 32) = 1.44, p = .25,
n,” = .082: participants did not take any longer to verify the “self” or “other” perspective indi-
cation across conditions. We did observe a marginally significant interaction between Consis-
tency and Seeing, F(2, 32) = 3.30, p = .05, n,” = .171. Participants took significantly longer to
respond to the inconsistent trials in the no goggles condition, M = 906.39, SD = 211.01, and
the translucent goggles condition, M = 915.35, SD = 233.20; #(33) = 5.10, p < .001, #(33) = 2.78,
p =.009, respectively, compared to the consistent trials, M = 850.41, SD = 205.99; M = 880.11,
SD =225.91, respectively. There was no difference between consistent and inconsistent trials
for the opaque goggles condition.

Critically, these two-way interactions were qualified by a marginally significant three-way
interaction between Perspective, Consistency, and Seeing, F(2, 32) = 2.82, p = .075, 1, = .150.
Within the no goggles and translucent goggles condition, the Perspective x Consistency inter-
action was significant, F(1, 33) = 22.54, p = < .001, n,” = .41; F(1, 33) = 6.67, p = .014, " = .17,
respectively. The Perspective x Consistency interaction was not significant in the opaque gog-
gles condition, however, F(1, 33) =.77, p = .386, n,”> = .02. As in Study 1, we examined the
effect of gender. We did so because we realized that Furlanetto et al. [23] matched the gender
of the avatar to the gender of the participant in case either factor would relate to implicit men-
talizing. Contrary to this reasoning, we did not find an interaction effect of gender, p = .188.

We then examined pairwise comparisons within each seeing condition (See Table 1 for
descriptive statistics). Doing so revealed that participants did not experience altercentric
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Table 1. Participants’ response times and errors in “self” and “other” trials.

Response Times Errors
Consistent Trials Inconsistent Trials Consistent Trials Inconsistent Trials
“Self” Trials
[Altercentric Interference]
No goggles 836.08 (208.19) 846.63 (186.87) .57 (.74) 1.23 (1.50)
Translucent goggles 864.72 (224.34) 867.69 (227.09) .80 (1.08) 1.83 (1.63)
Opaque goggles 841.78 (187.59) 835.91 (166.66) 1.26 (.98) 137 (1.62)
“Other” Trials
[Egocentric Interference]
No goggles 864.73 (203.80) 966.14 (235.15) .66 (.84) 1.94 (1.81)
Translucent goggles 895.51 (227.48) 963.01 (239.31) 1.26 (1.22) 2.00 (1.63)
Opaque goggles 865.60 (219.57) 882.07 (197.19) 2.14 (2.80) 1.66 (1.91)

Numbers not in parentheses represent mean values; numbers in parentheses represent standard deviations.

https://doi.org/10.1371/journal.pone.0194101.t001

interference in any of the conditions: that is, participants took equally long to verify their own
perspective in consistent and inconsistent trials for all of the seeing manipulations (all ps >
.438; see Fig 5).

Participants did, however, exhibit egocentric interference, but only in the seeing and trans-
lucent goggles conditions. Specifically, participants took significantly longer to respond in the
inconsistent trials compared to the consistent ones when asked about the avatar’s perspective
in the no goggles and translucent goggles conditions, #(33) = 6.50, p < .001; #(33) = 4.15, p <
.001, respectively (See Table 1). In the opaque goggles condition, however, participants did not
exhibit egocentric interference, as there was no difference in people’s responses, #(33) = .69,

p =493,

Errors

We conducted the same 2 (Perspective: You, Him) x 2 (Consistency: Consistent, Inconsistent)
x 3 (Seeing: No Goggles, Translucent Goggles, Opaque Goggles) repeated measures ANOVA.

No Goggles Condition Translucent Goggles Condition Opagque Goggles Condition
2 ? 2 2 2
1200 N n H n H

Reaction Time (seconds)

864.73 |966.14 836.08 [846.63 895.51 |963.01 864.72 | 867.69 865.6 (882.07 841.77 |835.91
0
Other Self Other Self Other Self

Fig 5. Depiction of Perspective x Consistency x Seeing interaction for response time measure. Error bars represent
+1 SEM; whether the translucent and opaque goggles were blue or red were counter-balanced across participants;
* k%

p <.001.

https://doi.org/10.1371/journal.pone.0194101.9005
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We found a significant main effect of Consistency, F(1, 34) = 13.65, p = .001, n,” = .29. Individ-
uals made greater errors in the inconsistent condition, M = 1.67, SD = 1.68, compared to the
consistent ones, M = 1.11, SD = 1.27. We also found a significant main effect of Perspective,
F(1,34) =9.14, p = .005, np2 = .21, whereby participants made greater egocentric errors on
“other” trials, M = 1.61, SD = 1.70, than on “self” trials (i.e., altercentric errors), M = 1.18,

SD = 1.26. There was also a significant main effect of Seeing, F(2, 33) = 16.60, p < .001,n,” =
.50. Participants made more errors in the opaque goggles condition, M = 1.61, SD = 1.83, and
the translucent goggles condition, M = 1.47, SD = 1.39, compared to the no goggles condition,
M =1.10, SD = 1.29, #(34) = 3.60, p = .003; #(34) = 3.86, p = .001. The errors between the
opaque and translucent goggles condition were not significantly different from one another
(p = 1.00).

We also found a significant interaction between Consistency and Seeing conditions, F(2,
33)=7.08, p=.003,7,” = .30. Individuals made greater errors in the inconsistent trials,

M =191, SD = 1.63, compared to the consistent trials, M = 1.03, SD = 1.35, in the translucent
condition, #(34) = 5.12, p < .001. Participants also made more errors in the inconsistent trials,
M =1.59, SD = 1.65, compared to consistent ones in the no goggles trials, M = .61, SD = .78;
t(34) = 4.33, p < .001. However, participants did not make greater errors in the inconsistent
trials, M = 1.51, SD = 1.77, compared to the consistent ones, M = 1.70, SD = 1.89, in the opaque
condition. No other two-way interactions were significant.

We also found a significant Perspective x Consistency x Seeing interaction, F(2, 33) = 3.75,
p=.034,7,> =.19. We then examined the Perspective x Consistency interaction in the no gog-
gles, translucent, and opaque conditions; none of them were significant, F(1, 34) = 2.83,p =
.102,m,> =.08; F(1, 34) = .51, p = .478,n,” = .02; F(1, 34) = 1.12, p = .297, 1, = .032, respec-
tively (See Fig 6).

We then examined pairwise comparisons within each condition (See Table 1 for descriptive
statistics). Doing so revealed that participants experienced altercentric interference in both the
no goggles and translucent conditions, #(33) = 2.39, p = .022; #(33) = 3.63, p =.001, respectively;
that is, participants made more errors in the inconsistent trials than the consistent ones in the
“self” trials. We did not find a significant difference, however, in the opaque condition between
the inconsistent and consistent trials in the “self” trials, #(33) = .39, p = .695. In other words,

No Goggles Condition Translucent Goggles Condition Opaque Goggles Condition
9 2 2 2 2

J piLs 1R

*x EEE
2
*x
1
) ﬂ
Other Self Other Self Other Self

[comssnt | [

Number of errors

Fig 6. Depiction of Perspective x Consistency x Seeing interaction for error measure. Error bars represent +1 SEM;
whether the translucent and opaque goggles were blue or red were counter-balanced across participants; ** p < .01, ***
p <.001.

https://doi.org/10.1371/journal.pone.0194101.g006
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participants did not experience altercentric interference in this condition where the avatar was
functionally blind.

Participants also exhibited egocentric interference in the no goggles and translucent goggles
conditions. Specifically, participants made more errors in the inconsistent trials compared to
the consistent ones in the “other” trials in the no goggles and translucent goggles conditions,
1(33) = 4.18, p < .001; £(33) = 3.05, p = .004, respectively (See Table 1). In the opaque goggles
condition, however, participants did not exhibit egocentric interference; that is, they did not
make more errors in the inconsistent trials compared to the consistent ones.

Discussion

Although we observed no evidence of altercentric interference in reaction time measures con-
trary to what has been found previously [23], we did find evidence of altercentric interference
in participant error rates across perspective conditions. Specifically, participants made more
errors when indicating their own perspective in inconsistent trials compared to consistent
ones only in the trials where the avatar could see (i.e., when the avatar was not wearing goggles
or wearing translucent ones). In the trials where the avatar could not see (i.e., the opaque gog-
gle condition), no such effect was found. These findings provide support for the implicit men-
talizing hypothesis and replicate the pattern that Furlanetto et al. [23] observed in response
time findings at least when measured using error rates instead.

Participants’ response times, however, were not consistent with the possibility that partici-
pants experience altercentric interference. Participants did not take any longer to verify their
own perspective between consistent and inconsistent trials in any of the conditions. These
findings match the results of another replication attempt. Conway et al. [24] did not find the
goggles manipulation to affect the degree of participants’ response times on “self” trials. In
other words, Conway et al. [24] failed to find evidence of specific altercentric interference with
respect to response times and accuracy measures.

With respect to egocentric interference, our findings mirror those of Furlanetto et al. [23] in
both the error measure and also the response time measure. We document egocentric interfer-
ence for both the no goggles and translucent goggles conditions, but not for the opaque goggle
condition for both accuracy and response time.

General discussion

The goal of the present studies was to explore whether adults rapidly represent the contents of
other people’s mind. Specifically, we aimed to assess whether altercentric errors are socially
specific [17, 18, 23] or domain-general [11, 12]. We did so by adopting a novel dependent mea-
sure with adults which has been shown to capture fine-grained representational accuracy dif-
ferences in young children (Study 1), and by conducting a conceptual replication of a finding
that we perceive as the best evidence to date that people do indeed implicitly model other’s per-
ception, Furlanetto et al. [23] (Study 2).

In Study 1, we adopted a novel dependent measure, a “sandbox” measure of accuracy. We
figured that this new measure would capture more fine-grained differences in the accuracy of
participants’ representation of avatars compared to non-social controls. In doing so, however,
we did not find support for the implicit mentalizing idea that adults rapidly represent the per-
spectives of human avatars differently than non-social arrows: participants exhibited alter-
centric interference on our accuracy measure for both arrows and avatars. In line with these
findings, many other studies have found altercentric interference when the avatar was replaced
with a less social stimulus [11-12].
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These findings though can be explained in two ways. First, we may be seeing altercentric
interference in both the avatar and the arrow condition because of strictly attentional cueing.
Specifically, both the avatar and the arrow direct attention in a certain direction and that cue-
ing could interfere with the participant’s judgments. Alternatively, it is also possible that the
purportedly observed altercentric effects in the arrow condition are due to attentional cueing
while the same effects in the avatar condition are due to implicit mentalizing. That is, although
we see similar effects in both conditions, it is possible that the causes of these effects are differ-
ent across the two conditions.

In light of this concern, we chose to conceptually replicate a study done by Furlanetto and
colleagues [23]. This study was crafted in such a way that controlled for attentional cues across
all conditions, yet was able to manipulate the avatar’s mental states by essentially “blinding”
one of the avatars. In other words, the avatar was always facing a certain direction, but was
functionally “blinded” by wearing opaque goggles in some trials. This method allowed us to
discern whether altercentric errors are a function of simply attentional cueing or implicit men-
talizing. The former account would predict that participants exhibit altercentric interference
in all conditions, regardless of whether the avatar is blind or not. The latter account predicts
that participants will show altercentric interference only in the conditions where the avatar
can see.

Study 2 measured both participants’ response times and errors. We found disparate find-
ings between the two measures. For response times, participants did not exhibit any alter-
centric interference in their response times—one critical effect on which the implicit
mentalizing account depends. Furthermore, participants only exhibited egocentric interfer-
ence for the avatar that could see, but not for the blinded avatar. Participants’ errors, however,
were in line with the implicit mentalizing account insofar as they exhibited egocentric and
altercentric errors only for the avatars who could see.

Collectively, the findings of Study 1 and 2 tentatively support an intermediate position
regarding the nature of our capacities to implicitly and rapidly represent others’ perspectives.
Researchers arguing for this intermediate position have noted that domain-general processes,
such as attentional cueing, may play some role in domain-specific theory of mind processes
[30]. Furthermore, this position also argues that merely imputing someone’s perspective may
involve a domain-general directional cue, and thus similar effects in non-social and social
cases do not necessarily mean that participants fail to represent the contents of individuals’
minds entirely.

Our findings may shed light on the specific relationship between perspective-taking and
attention cuing mechanisms in implicit mentalizing tasks. We found that participants purport-
edly expressed altercentric interference for an arrow but not for a blind avatar. These findings
suggest that, in the case of the blind avatar, attentional cues are not activated or that perspec-
tive-taking mechanisms subsume any attentional cueing effects. Indeed, Michael and col-
leagues [31] recently found that perspective-taking processes are recruited earlier than
attention cueing ones. Because of this temporal difference, it is possible that participants rap-
idly ignored the perspective of the blind avatar and thus attentional cueing mechanisms were
not subsequently activated. Or if they were, they were then ignored. For the arrow, however,
perspective-taking processes were never recruited because the arrow is not human, and thus
attentional cues gave rise to effects that look like altercentric interference effects but are instead
not a function of rapid mentalizing. Ultimately though, future research is needed to assess pre-
cisely why it is that different altercentric effects emerge on different tasks and measures in
addition to in various contexts.
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Limitations and lingering questions

Beyond this intermediate account though, there are also methodological reasons why we may
have not documented heightened altercentric interference in the avatar condition compared
to the arrow condition in Study 1. For example, it is possible that we did not find varying alter-
centric interference effects because we mixed social and non-social trials in the experiment.
Although previous work has documented socially specific altercentric interference effects in
mixed designs [20, 23], it is certainly plausible that interspersing trials may make it more chal-
lenging to detect differences between social and non-social trials. Whether such a change
would elicit different results in Study 1 is a potential next step to examine the socially specified
nature of theory of mind effects.

Second, it is also worth noting that Study 1 deviated from the typical dot perspective-taking
tasks beyond the implementation of a new, continuous accuracy measure. Specifically, the ava-
tar saw more than 3 dots in our paradigm; in other work, the number of dots was limited to 3
to ensure the number of dots were within the subitizing range. Interestingly, we did not find
any differences across the different number trials. One explanation for this may be that the
task was recruiting non-automatic cognitive resources. We find this explanation unlikely,
however, considering participants made systematic errors in the task in line with previous
findings suggesting participants were not relying exclusively on explicit processing throughout
the task, but future research could better examine this possibility.

Third, another methodological consideration lies with the “sandbox” accuracy measure.
Although we adopted this measure as a means of capturing representational variance in a
more fine-grained way, it is plausible that the measure was not sensitive enough to capture
small differences between social and non-social trials. Perhaps this is because participants in
the task were not making errors of an egregious magnitude (errors ranged from -1.07 to .24),
even though the number line lacked discrete number labels. Participants’ accuracy suggests
that socially specified altercentric errors may be difficult to detect in accuracy measures
because the task is fairly easy for participants in general.

Finally, it is also possible that the measure did not recruit implicit processing because the
task required more than simply responding yes or no and instead required participants to
move a mouse to click on a number line. It seems unlikely though that the task used in Study 1
failed to recruit implicit processing when considering evidence suggesting that tasks that
require quick mouse movements under time pressure capture implicit processing [32]. Still,
future research could consider adopting different measures of accuracy, including eye tracking
or mouse tracking methodologies [33], when assessing the social nature of implicit theory of
mind effects.

With respect to Study 2, we documented socially specific altercentric interference with
error measures but not with response times. Furlanetto and colleagues [23] documented these
effects with response times but not with errors (although participants’ errors resembled their
response times). Why is this the case? The major difference between our study and Furlanetto
and colleagues’ [23] study was that ours was conducted online, whereas their study was
conducted in the lab. It is possible that response time measures are higher (i.e., slower) in
online experiments on Amazon Mechanical Turk, as the experimental context is much less
controlled and participants may be susceptible to a variety of factors that are not present in the
lab. Indeed, the response times we document in the current paper are longer than those docu-
mented in Furlanetto et al’s [23] work.

Notably, longer response times may suggest more deliberative rather than implicit respond-
ing. This is unlikely to be the case, however, because we did not find any evidence of a speed-
accuracy trade off; none of the correlations between speed and accuracy were significant.
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Furthermore, if participants were responding deliberately, they should not have exhibited dif-
ferentiating error rates depending on condition. Finally, with respect to differences in error
findings between our data and those of Furlanetto and colleagues [23]: We tested additional
participants compared to this original study and therefore had larger power to detect alter-
centric errors.

Aside from being conducted online, Study 2’s method did slightly vary from that of Furla-
netto et al. [23]’s study. The avatar used in our images in the present studies was not directly
facing the side walls as in the original study. Instead, the avatar’s body was oriented slightly
more toward the front while his head shifted to either the left or right. It is plausible that partic-
ipants may have had more difficulty computing the avatar’s line-of-sight, which then shifted
participants to rely on more explicit processing to perform the task. Prior to performing the
main task, however, participants did have to pass a set of comprehension checks that relied on
participants assuming that the avatar could see all the dots or squares on the wall.

Conclusion

Taken together with other conflicting findings, the present results demonstrate the importance
of replications within the domain of implicit mentalizing effects (see also [10]). This need is
especially pertinent considering that assessing whether individuals possess a domain-specific
implicit system is critical to characterizing the nature of humans’ theory of mind capacities [4].
In two studies, we provide evidence in favor of the account that attentional cues and theory of
mind processes both matter for representing the contents of other people’s minds. That is,
altercentric interference effects tested using accuracy measures emerge for both arrows and
avatars (Study 1), but not for blinded avatars (Study 2). Overall, the current findings contribute
to a greater conversation regarding whether individuals implicitly model other people’s per-
ception. Future research should focus on exactly how attentional cueing and theory of mind
processes interact and complement one another.
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