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Abstract.

A growing body of work suggests that in some cirstances humans may be capable of
ascribing mental states to others in a way th&sg cognitively efficient, and implicit (implicit
mentalising hypothesis). However, the interpretatid this work has recently been challenged
by suggesting that the observed effects may reftedi-mentalising’ effects of attention and
memory, with no ascription of mental states (submalésing hypothesis). The present study
employed a strong test between these hypothesesdining whether apparently automatic
processing of another’s visual perspective (Samapperly, Braithwaite, Andrews & Bodley
Scott, 2010) is influenced by experience-depentefiefs about whether that person can see
(e.g., Heyes 2014). Altercentric interference whseoved when participants judged their own
perspective on stimuli involving an avatar weariggggles that participants believed to be
transparent, but not when they believed the gogmldse opaque. These results are consistent
with participants ascribing mental states to thetay and not with the sub-mentalising
hypothesis that altercentric interference arisesetlyjebecause avatars cue shifts in spatial

attention.
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Introduction

What do you think | think you thinkExplicit judgements about others’ mental states
develop late in children and remain cognitively d@cing for adults, requiring effortful
deployment of executive resources (e.g., Apperfdi(2 German & Hehman, 2006; Perner &
Lang, 1999; Samson, Apperly, Kathirgamanathan & Hurays, 2005; Wellman, Cross &
Watson, 2001). At least some aspects of mentalisiogever, may be achieved in a way that is
much more cognitively efficient. In accord withghiotion, recent studies have shown that the
visual point of view of others (Samson et al., 201Beir actions (Sebanz, Knoblich & Prinz,
2003), and even their beliefs (Kovacs, Teglas, &reéns, 2010; Schneider, Lam, Bayliss &
Dux, 2012) may be processedblicitly in a relatively automatic, fast, and efficient man

For example, adults may spontaneously process amaher person can see (Level-1
visual perspective taking), even when the procgssfrother person’s perspective is irrelevant
to task and results in interference with expliodlgements of one’s own perspective (Samson et
al., 2010). This altercentric intrusion effect Hasen reported in both adults and children,
suggesting that it may reflect the operation ofognitively efficient process present since
infantcy (Surtees & Apperly, 2012). This and othees of evidence (Clements & Perner, 1994,
Sebanz et al., 2003; Southgate, Senju & Csibray;28Qrian, Caldi & Sperber, 2007; Zwickel,
2009; Baillargeon, Scott & He, 2010; Kovacs et a010; Schneider et al., 2012; Schneider,
Nott & Dux, 2014) support the view that humans hawe distinct systems for mentalising
(Apperly & Butterfill, 2009): one early developingytomatic, fast and efficient, implicit system,
and a later developing, controlled, slow, and fdxiexplicit system. Level-1 visual perspective
taking requires only limited cognitive control anthy be part of this low-level and implicit
system for mind reading.

However, recent theoretical and empirical work ¢asstioned the existence of implicit

mentalising in adults and infants, and suggestet tbsults reported to date could be due to
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‘sub-mentalising’, whereby domain general cognitipecesses for memory and attention
simulate the effects of mentalising in social catde(Heyes, 2014; Santiesteban, Catmur,
Hopkins, Bird & Heyes, 2014). It therefore remainlear whether the altercentric intrusion
effect provides evidence of implicit mentalising.
The current study

Our experiment used a novel adaptation of Samsah’'®1(2010) avatar paradigm to test
the alternative predictions arising from thdb-mentalising hypothesis (Heyes, 2014) and the
implicit mentalising hypothesis for Level 1 visual perspective taking. In the ara version of
the paradigm, participants judged the number ofditat they could see on the walls of a
cartoon room (self-perspective) or the number etslithat could be seen by an avatar standing
in the room (other-perspective). On consistent geatve trials, both the participant and the
avatar could see the same number of discs. On sigtent perspective trials, the avatar saw
fewer discs than the participant did (some of tleeddwere not visible to the avatar). When
participants made explicit judgements about thetaaisa perspective (other-perspective
judgements), they were slower and more error pvamen the avatar’'s perspective differed from
their own (egocentric intrusion effect). This ime@stent with reports of egocentric bias in adults
(e.g., Royzman, Cassidy & Baron, 2003). Criticallgwever, participants were also slower and
more error prone to make explicit judgements ofrtbevn perspective (i.e., how many discs
they saw) when the avatar happened to see a differenber. This is clearly compatible with
implicit mentalising, because it suggests thathewben the avatar’s perspective was irrelevant
to the task, participants could not prevent theweselfrom computing what they saw
(altercentric intrusion effect).

In the avatar paradigm, however, the avatar is oy an agent with a distinct
perspective on the scene; s/he is also a dire¢touea oriented towards one side of the scene or
the other. It has been known for some time thah silicectional cues can lead to automatic

reorientation of a viewer’'s attention from the caly presented stimulus to the side to which
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the cue is oriented, and that similar effects (aNvé&h some distinctive characteristics) may be
obtained from social stimuli such as faces and swmal spatial cues such as arrows (e.g.,
Tipples, 2002). It is of course highly likely theuch spatial cueing is an important component of
the processes leading to the altercentric effdetemwved by Samson et al. (2010). However, the
sub-mentalising hypothesis holds that spatial @ienight be wholly sufficient to account for
the altercentric effects. Consistent with this viesantiesteban et al. (2014) recently reported
altercentric interference for arrow stimuli. Pagants were slower to verify the number of discs
that they could see, when this number was incargigtather than consistent) with the number
to which an arrow was pointing. Because arrowseldikectional, but not agentive features, this
has been interpreted as evidence for sub-mentl{sirthis case, a generic attentional process),
rather than implicit mentalising.

One problem with the Santiesteban et al.'s mantmia however, is that it does not
successfully control for attribution of mental st Previous studies have shown that simple
geometric shapes can activate theory of mind psesefKlein, Zwickel, Prinz & Frith, 2009;
Castelli, Happé, Frith & Frith, 2000). Arrows, iranticular, are used to indicate direction and
there is evidence that even young children attamhamly attentional, but also intentional
meanings to arrow cues. For example, PellicanoRtmebes (2003) pitted arrow and gaze cues
against one another in a task where 3- to 4-yedg-vlere asked to judge which of a set of
chocolates was desired and would be acted upon dartaon character. Children were more
likely to rely on the arrow cue than the gaze caigggesting that the intentional aspect of
overlearned symbols such as arrow cues may notguitie mental state ascriptions but may be
selected in preference to gaze cues in some citamges. As Santiesteban et al. acknowledge, it
is thus possible that “generalizing from the avétathe arrow stimulus, participants represented
the number of dots in front of the arrow as the bemof dots that the arrow could ‘see’,
engaging in implicit mentalising in both the avaaad the arrow condition” (Santiesteban et al.,

2014).
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To examine the implicit mentalising hypothesis agasub-mentalising hypothesis in the
absence of such confounds, here we adopted anambpito which mental state attribution was
manipulated directly while holding the stimuli ctest. Following Teufel, Alexis, Todd,
Lawrance-Owen, Klayton, & Davis (2009), the avatewre one of two pairs of coloured
goggles, both with highly mirrored lenses such tihatas impossible to see the eyes of the
wearer. Using a belief induction procedure, pagrtots were led to believe that, from the
perspective of the avatar, one pair was transpamedtthe other pair was completely opaque.
While watching the stimuli, they therefore beliewbdt, when wearing one pair of googles, the
avatar could see the discs on the wsdkifig condition), whereas when wearing the other pair,
the avatar could not see the discs of the vimalh{seeing condition).

The sub-mentalising hypothesis predicts that thaiapinformation from the avatar’s
body orientation is a sufficient condition for obsion of the altercentric effect. If this is
correct, then we would expect the altercentriausitsn in both the seeing condition and the non-
seeing condition, i.e., irrespective of the papieit’'s attribution of a ‘seeing’ mental state te th
avatar. Alternatively, if the altercentric intrusieffect depends on calculation of what the avatar
can see (consistent with the implicit mentalisiygpdthesis), then the effect should only occur
when participants believe that the avatar can W&ewould thus predict that the effect would

occur in theseeing condition, but not in thaon-seeing condition.

Method
Participants
Eighteen undergraduates postgraduate studentsth@rdniversity of Birmingham took
part in this experiment (11 females; mean age:@®3.8.54, range 20-38 years) for credits or for
a small honorarium (£4). All had normal or correete-normal vision, and were naive to the
purpose of the study. The study was performed coraance with the ethical standards laid

down in the revised Helsinki Declaration (World Nt=ad Association General Assembly, 2008).
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Stimuli and procedures

The stimuli and procedures were similar to thos&amson et al. (2010). Participants
were presented with a picture showing a lateralvvoé a room with the left, back, and right
walls visible, and with discs displayed on onevan wvalls (the left and the right ones). A human
avatar was positioned in the centre of the roomintaeither the left or the right wall. Female
participants were presented with a female avatdrraale participants were presented with a
male avatar.

On half of the trials, both participants and thatav could see the same amount of dots
(consistent perspective trials), whereas on therdthlf of trials, the avatar could see fewer dots
than the participant (inconsistent perspectivéstrisee Supplemental Material)

On the 33% of trials, the avatar did not wear gegdyes condition, neutral stimuli). On
the remaining 66% of trials, the avatar wore a wd pair of goggles (red or orange), both with
highly mirrored lenses such that it was impossiblsee the eyes of the avatar (Figure 1). Prior
to the experiment (see the belief induction proceddescribed below), participants were
informed that the orange (or red) pair of goggles wansparent, while the red (or orange) pair
of goggles was opaque. While watching the stinth&y therefore believed that avatar could see
through the orange pair of gogglesging condition, 33% of trials), but not through the year
(non-seeing condition, 33% of trials), or vice versa. In order avoid confusion about the
goggles colour associated with teaeing and thenon-seeing conditions, transparent goggles
trials and opaque goggles trials were not mixedettugy in the same block: participants
completed three blocks where tbaeing andeyes trials were mixed together and three blocks
where thenon-seeing and eyes trials were mixed together. To have the same tatahber of
trials for each condition, each block included 66Egoggles stimuli and 33% of neutral stimuli.
Block order and goggles colour (red_seeing and gmamon-seeing; orange_seeing and

red_non-seeing) were counterbalanced between ipariis.



E-prime software was used to control the stimules@ntation and data collection. Each
trial began with a fixation cross presented for #8. 500 ms later, the word “YOU” or
“HE"/“SHE” appeared for 750 ms, telling participanthether they had to judge the scene using
their own perspective (self perspective) or thathef avatar (other perspective). 500 ms later, a
digit (0-3) appeared for 750 ms and specified thespective content for the participant to verify.
Finally, the picture of the room (640 x 480 pixaelpeared in the centre of the screen for a
maximum of 2000 ms or until participants completied trial by pressing one of two keys to
indicate whether or not the digit correctly spemdfithe number of discs seen from the relevant
perspective. Participants were instructed to redmmquickly and accurately as possible when
the picture of the room appeared.

Three hundred trials were divided in 6 blocks oft&éx trials (48 test trials and 2 filler
trials) and were preceded by a block of 26 practids. For each condition, there were 24
consistent trials and 24 inconsistent trials. Tamber of YES and NO responses trials was the
same for each condition (24 YES responses and 24d$@onses). The order of blocks was
counterbalanced between subjects and the orderatsf within a block was randomized. Filler
trials (no dots present in the image of the roolowaed the cued number “0” to also match self-
perspective judgments.

Belief induction

Before the first block associated with the seeinthe non-seeing condition started, participants
tried on a red and an orange pair of goggles ierota gain first person experience of the visual
properties of the goggles and the visual experieridbe avatar. They were asked to watch in
the direction of the monitor for one minute. Twarpaf googles were used. Depending on the
condition, the insides of the lenses of the oramgd the red pair of goggles were made
completely opaque using a black cardboard. Ther gthie was untreated and thus transparent to
the wearer. Half of the participants, chosen atloam wore red goggles that were transparent

from their perspective and an orange pair that e@eque; this pattern was reversed for the
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remaining half of the participants. Hence, to alttizipants, one pair of goggles (associated with
the seeing condition) signalled that the avatar could see, thiedother pair (associated with the
non-seeing condition) signalled that the avatar could not. SBee lenses of all goggles had
identical external appearances.
Manipulation check

In order to assess the efficacy of the deceptioncamure, after the experiment,
participants were asked to perform a visual setask wearing one pair of goggles at their own

choice. All participants chose the pair of gogglssociated with thgseing condition.

Results

Trials in which participants made an error wereaided from the RT analysis (4.54%).
In addition, individual trials were removed if regges were made in excess of 2.5 standard
deviations of the participant’s mean reaction tifh€63%). One participant had to be excluded
from the analysis due to excessively slow respdimses (2.5 SD over the overall conditional
means in 8 out of 12 experimental conditions). As $amson et al. (2010), because of the
unbalanced way in which mismatching trials had ® donstructed, we considered the
mismatching (“no” response) trials as fillers (asyt would artificially inflate the consistency
effect) and only analysed the data of the matckiipgs” response) trials. RTs and errors were
submitted to a 3 x 2 x 2 repeated measures ANOV# Wiondition (eyes, seeing, and non-
seeing), Perspective (self, other) and Consist€nopsistent, inconsistent) as within-subject
factors. Sphericity of the data was verified ptiorperforming statistical analyses (Mauchly’s
test, p>0.05). For significant two-way interactipnistests were performed between the
appropriate levels of the factors involved, usin@a@nferroni correctiono level < 0.05) for
multiple tests.

RT analysis. The ANOVA showed a significant main effect of lgctive (F(1,16)=5.85,

p=0.027, p*=0.269), and a significant main effect of ConsisteifF(1,16)=49.90, p<0.001,
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pr|2=O.757). The main effect of Condition did not amgmh significance (F(1,16)=0.576,
p=0.568, B’=0.035). There was also a significant Condition ®n€lstency interaction
(F(1,16)=11.87, p<0.001,an:O.426), a significant Perspective x Consistencteraction
(F(1,16)=8.44, p=0.010,1p=0.345), and a significant Perspective x Condit{B(l,16)=5.01,
p=0.013, p*=0.239) interaction. These two-way interactions evqualified by a significant
three-way Condition x Perspective x Consistencyeradtion (F(1,16)=3.71, p=0.035,
pn°=0.188).

The three-way interaction was tested by runningassgp ANOVAS in each condition
(see Figure 2). For theyes condition, there was a reliable effect of Perspedi(1,16)=50.89,
p<0.001, p°=0.761) and a reliable effect of Consistency (F§}586.87, p<0.001,15=0.697),
which were further qualified by a significant irdetion between Perspective and Consistency
(F(1,16)=21.73, p<0.001,np=0.576). Paired-sample t-tests confirmed a sigmificegocentric
intrusion effect when participants judged the avstperspective, with RTs being faster for
consistent (614 ms) than for inconsistent triak8(™s) (t(16)=7.88, p<0.001). Further, there
was a significant altercentric intrusion effect whearticipants judged their own perspective,
with faster RTs for consistent (579 ms) than focomsistent trials (621 ms) (t(16)=2.32,
p=0.034).

For the seeing condition, there was no main effect of Perspecii¥€l,16)=0.678,
p=0.422, B*=0.041), but a significant main effect of Consister(F(1,16)=27.45, p<0.001,
pn220.632), further qualified by a significant Pergpex x Consistency interaction
(F(1,16)=9.81, p=0.006, np=0.380). Paired-sample t-tests revealed a signifi@gocentric
intrusion effect when participants judged the avatperspective, with quicker responses for
consistent (610 ms) than for inconsistent trialk9(ms) (t(16)=5.16, p<0.001). There was also
evidence for a significant altercentric intrusidifieet, with faster RTs for consistent (625 ms)
than for inconsistent trials (671 ms) when paraais judged their own perspective (1(16)=3.28,

p=0.005).
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For the non-seeing condition, no effect approached significance (PerBpe:
F(1,16)=0.761, p=0.396, np=0.045; Consistency: F(1,16)=0.738, p=0.403y)°=0.044;
Perspective x Consistency: F(1,16)=0.065, p=0.8§%0.004).

Accuracy analysis. The 3 x 2 x 2 ANOVA revealed a significant maiffeet of
Consistency (F(1,16)=9.18, p=0.008,°80.365) and a significant main effect of Perspectiv
(F(1,16)=5.06, p=0.039,1p=0.240). The effect of Condition was non-significéf(1,16)=1.82,
p=0.178, p°=0.102). These effects were qualified by a sigaificCondition x Consistency
interaction (F(1,16)=3.59, p=0.0391%0.183), whereby participants were more accurate in
consistent than in inconsistent trials for #yes (p=0.014; 99.26% vs 93.87% of accuracy) and
the seeing conditions (p=0.015; 97.79% vs 90.68%), with nffedence between consistent and
inconsistent trials for the non-seeing conditiorqY43; 95.83% vs 95.34%; see Figure 3). No

other interaction was found to be significant.

Discussion

Previous studies sought to manipulate mental sa#trgbution by manipulating the
stimulus properties (Samson et al., 2010; Sanbastet al., 2014). For example, Santiesteban
and colleagues (2014) replaced the avatar with remwato manipulate the attribution of a
‘seeing’ mental state. A problem with this stratégyhat the complex dependencies between the
stimulus properties and mental state attributiokenaimpossible to determine which of these
two factors is responsible for differential findsig

The belief induction procedure provides a valuatiategy to overcome this limitation,
ensuring full control over stimulus properties (sd¢&0 Teufel, Fletcher, & Davis 2010; Heyes,
2014). In the present study, we adopted this gjyate directly test the implicit mentalising
hypothesis against the sub-mentalising hypoth@&sgicipants were asked to judge either their
own visual perspective or the perspective of a hu@natar wearing red or orange googles,

which participants believed to be either transpacgropaque. When participants believed that
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the avatar was wearing transparent goggles andl ¢balefore see the discs on the wall, they
were slower to judge their own perspective on iiscstent trials compared to inconsistent trials
(altercentric intrusion effect). However, when thaglieved that that the goggles were opaque
and the avatar could not see, there was no alteicentrusion effect. The sub-mentalising
hypothesis that altercentric interference is tHe sonsequence of the directional features of the
stimuli has no resources to explain our observatbman altercentric intrusion effect in the
seeing condition, but not in the non-seeing coadjtibecause the directional features of the
stimuli were identical in the two cases (Heyes, 40IThe only difference between these
conditions was participants’ belief about whethenot the avatar was able to see the discs on
the wall.

Importantly, however, we find common ground witle $ub-mentalising account insofar
as it seems entirely plausible that shifts in d@tbendue to exogenous spatial cues may be
necessary for observing altercentric interfereegen though the mere presence of such cues is
not sufficient. This is important because it hedppose theoretically distinct interpretations of
implicit mentalising. One interpretation is thatgheit mentalising arises through a cognitive
mechanism that is entirely distinct from other atiga processes. On this account, shifts in
attention due to exogenous spatial cues are nbopdne information processing pathway that
leads to altercentric interference. An alternatinerpretation is that implicit mentalising is
closely integrated with attentional processes,thaticue-driven shifts in attention are integral to
the fast and efficient calculation of what the avatees. This interpretation derives support from
studies showing that the automatic tendency td shi¢’s attentions towards locations looked at
by others is top-down influenced by mental statebattion (Teufel, Alexis, Clayton, & Dauvis,
2010; see also Teufel et al., 2009). When obsebaisved that the other person could see, the
tendency to follow another's gaze was automatictii@ sense that it could not be entirely
suppressed). However, when they believed that ther gerson could not see, gaze following

could be overridden voluntarily. These findings gesf an interactive relationship between the
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mechanisms supporting basic sensory processing ooialsinformation and mentalising
processes (Teufel et al., 2009).

These interpretations of implicit mentalising clgardiffer in their processing
architectures and would give rise to distinct ekpental predictions. What they have in
common is that altercentric interference arisemfascription to the avatar of a mental state of
‘seeing’ that differs from what participants seeertfselves. That is to say, altercentric
interference results from mentalising, not sub-raksing.

In the non-seeing condition, we found no effectGuinsistency on other-perspective
trials, suggesting participants were not influenbgdheir own visual perspective when judging
the avatar’'s perspective. This lack of egocentnicusion may appear surprising given the
robustness and generality of egocentric biases @ayzman et al2003). However, we believe
that the most likely explanation for this effecisheoretically uninteresting consequence of our
design, which necessarily led to the avatar in nbe-seeing condition having an entirely
predictable perspective of “zero” on every triahc® participants believed that the avatar could
not see, other-perspective judgements could be madthe basis of this stored knowledge
without ad hoc computation dfiow many discs could be seen, either from the avatar’s
perspective or from their own perspective. As aultegheir response did not suffer from
egocentric biases.

Conclusions and future directions

Results reported to date on implicit mentalisingendeen criticized on the ground that
they could be due to sub-mentalising, i.e., to darganeral cognitive processes sensitive to
low-level stimulus features. A strategy to disegtarthese two levels of explanation involves
using ‘self-informed’ belief induction variablesvariables that people know to be indicative of
what an agent can or cannot see and, therefores doedoes not believe, only through
extrapolation from their own experience (Heyes, 40IThis strategy has been pursued in

research involving chimpanzees (e.g., Penn & Pdyirg907), human adults (e.g., Langton,
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2009; Teufel et al., 2009) and infants (e.g., SeBputhgate, Snape, Leonard, & Csibra, 2011).
Here, we combined the logic of self-informed beirefuction with the avatar task to test for the

implicit attribution of seeing to the avatar. Weufm that altercentric intrusions depended on the
attribution of a seeing mental state to the avatateed, an altercentric interference effect was
only observed when participants believed that thetaa could see the discs on the opposing
wall. These findings speak against a reductive rmghtalising account and suggest that the
altercentric intrusion effect is instead due to ithelicit mentalising of another person’s visual

perspective.
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Figure captions

Figure 1. Examples of stimuli used for the goggles condgioh) Avatar wearing orange
goggles (consistent condition). B) Avatar wearingnge goggles (inconsistent condition). C)
Avatar wearing red goggles (consistent conditi@))Avatar wearing red goggles (inconsistent

condition).

Figure 2. Graphical representation of the three way intevac@ondition (eyes, seeing, and non-
seeing) byPerspective (self vs. other) by onsistency (consistent vs. inconsistent) on RTs. Bars
represent standard errors of the means. Astensksate significance for the main contrasts of

interest.

Figure 3. Graphical representation of the interacti@ndition (eyes, seeing, and non-seeing) by
Consistency (consistent vs. inconsistent) on accuracy. Pagidgpwere more accurate in
consistent than in inconsistent trials for @yes and theseeing conditions. Bars represent

standard errors of the means.
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