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Abstract



A long established distinction exists in developtaépsychology between young children’s ability to
judgewhetherobjects are seen by another, known as “level-15ective-taking, and judgirtgowthe other
sees those objects, known as “level-2” perspedtikarg (Flavell et al., 1981). Samson et al. (9qi@vided
evidence that there are two routes available tdtaéhr level-1 perspective-taking: one which iggered
relatively automatically and the other requiringyoitive control. We tested whether both theseesutere
available for adults’ level-2 perspective-takirigxplicit judgements of both level-1 and level-2 gactives
were subject to egocentric interference, suggestinged for cognitive control. Evidence of uniimal

perspective-taking was limited to level-1 judgensent

In order to predict and explain the behaviour dieos in even simple social environments it is often

necessary to take into account their perspectiibh@mvorld. People’s actions are dictated by theals and



intentions, which in turn are dictated by beliefsl @lesires, any of which may diverge from our own.
Cooperating and competing with others regularlynexs representation of these perspectives. Osewhere
such situations arise is in taking visual perspesti Developmental psychologists have arguedprspective-
taking is fundamentally different at two levelsgi#ll et al., 1981). Young children successfultglerstand
whethersomeone sees something or not (a level-1 perspgttefore they understahdwsomething looks to
them (a level-2 perspective). In the current papetest whether the cognitive characteristicsdoflts’
perspective-taking are similarly divergent and déscthe implications for how we understand the @spive
performance of infants on some perspective-takimjtheory of mind tasks (Luo & Baillargeon, 200highi
& Baillergeon, 2005).

The traditional method for testing perspectiverigknvolves usinglirect measuresParticipants
(often children) are asked to assess the perspsativothers and either report this perspectiveake
judgements about what a character will do giventthey hold a specific perspective. For exampiag& and
Inhelder (1956) asked children to report how aayaf three mountains would appear to an experienend
Masangkay et al. (1974) asked children to judgetidresomeone sat opposite them would see a pictae
turtle as being the right way up, or upside dowithough tasks vary in difficulty, these direct rseiges all
suggest that perspective-taking is relatively tgxor young children. Interestingly, children’s@ns are
“egocentric”, reflecting over-application of th@wn perspective (Flavell et al, 1981; Piaget & lidiee, 1956).
Overcoming this egocentrism is thought to be ciunithe development of perspective-taking (Piaget
Inhelder, 1956) and continues to be taxing, evemadults (Epley et al., 2004; Keysar et al, 2008s#ler &
Thomson, 2010; Michelon & Zacks, 2005; Nickersd®99). Taken together, these findings support w oie
perspective-taking as an effortful process.

Recent research in infant (Onishi & Baillargeo®02; Sodian, Theormer & Metz, 2007; Southgate,
Senju & Csibra, 2007) and comparative (Clayton &deyn 2004; Hare, Call &Tomasello, 2001, Santosséalis
& Feruggia, 2006) psychology has suggested thatemucertain circumstances, perspective-taking nmighbe
so difficult after all. Indirect measures, monitoring eye gaze and other spontafedaviours, seem to show
that infants and non-human animals with rathertéohicognitive resources can track perspectives On
interpretation of such results is that researchav® finally been able to find measures sensithaigh to show
how easy perspective-taking really is (Baillargesoott & He, 2010; Onishi & Baillargeon, 2005). hets are
more sceptical about whether such evidence cosngeauine perspective-taking or “theory of mindégds,

2014, in press; Perner & Ruffman, 2005; Ruffmane&rfer, 2005Ruffman, Taumoepeau & Perkins, 2012). In



contrast to these polarised positions, it will lne working hypothesis that direct measures andéatli
measures of perspective-taking can both reveakistiag features about the cognitive profile ofspective-
taking.

Samson et al. (2010) identified both a direct amthdirect measure of perspective-taking using a
single paradigm, requiring adults to judge the nemndf dots that could be seen on the walls of ar¢elevel-
1 perspective-taking task). On separate trialgltadook either their own perspective (Self trjals that of a
cartoon avatar present in the room (Other tria@h. Other trials (a direct measure of perspectakény),
participants were slower and more error-prone @gipg the avatar’'s perspective when their own pErtpe
was different, demonstrating egocentric interfeeennportantly, an analogous effect was also ateskon
Self trials, when participants were also slower amate error prone at judging their own perspectien the
irrelevant perspective of the avatar happened tifferent from their own (which they dubbed altemtric
interference). This novel observation suggestatfhrticipants calculated the avatar’s perspectiven
though they had no reason to do so, leading ter@@ntric” interference on judgements of their own
perspective (see Kovacs et al. 2010 for a relatesh@menon). The authors suggested that this aitiic
interference provided an indirect measure of theraigon of a process of visual perspective-takirag had
been triggered relatively automatically.

Researchers in the cognitive sciences have longedrgver the most appropriate definition of
automaticity. Bargh (1994) described the autoritgtaf a processes as the degree to which it dysplaur
features: Operation outside of cognitive contréficiency, lack of awareness and lack of intentiitga For our
purposes, it is clear that the automaticity of pecsive-taking is potentially interesting in thegdee to which it
is efficient and can operate without cognitive cohtas both of these factors may make such a pso@eailable
to infants and non-human animals with limited ctigriresources. There is evidence to suggestaiel-1
perspectives may be processed both outside oftbagobntrol, and efficiently. Samson et al. (2046e also
Santiesteban, Catmur, Coughlan Hopkins, Bird, &eé$2014) showed that the altercentric intrusiatioed
when participants repeatedly judged their own pss8pe across a same block or even across theentir
experiment, suggesting that they could not voliilytagnore the irrelevant perspective of the avat@ureshi
and colleagues found that adults computed persscivhen they did not need to, even when also agtingla
secondary task that loaded executive function (§hiret al, 2010). To just this extent we concltius level-1
perspectives may be calculated in a relativelyraatac manner, and that the consequences of thisomay

observed on indirect measures, such as interfefemeean avatar’s irrelevant perspective when jadgine’s



own “Self’ perspective. This perspective calcuatis not enough to drive explicit perspective jehgnts, for
which effortful selection is required especiallyevh*Self’ and “Other” perspectives diverge.

Our key concern in the current work is whether Samet al’'s (2010) altercentric effect would also b
present for level-2 perspectives. There are twsoes to hypothesise that level-2 perspectiveswilbe
calculated automatically. Firstly, if the abilgidemonstrated on indirect measures reflect coghjtefficient
processes, then there are strong theoretical redsoeupposing that this efficiency will come la¢ ttost of
inflexibility about the kinds of perspectives tlain be processed (Apperly & Butterfill, 2009; Buitk&
Apperly, 2013). Just as human infants and adhalt® cognitively efficient processes for numbermitgn,
which have distinctive signature limits (Feigensbehane & Spelke, 2004), so we should expect ceghit
efficient processes for perspective-taking to betéd in their scope. Secondly, there are goodirgrap
reasons for supposing that some kinds of persgetdiking are significantly more demanding than gheé\s
well as traditional findings from direct measurésisual perspective-taking showing that childresp level-1
tasks around the age of 2-years (Moll &Tomasel@f)&), but do not pass similar level-2 tasks tithard the
age of 4 or 5 (Flavell et al, 1981, Masangkay tl&74), the level-1/level-2 distinction also aaps current
limits on evidence of precocious abilities shownififgnts and non-human animals. Many of these tasks
either test or imply level-1 perspective-takingt s yet there is no positive evidence of the eajaivt level-2
ability. The idea that cognitively efficient pergpige-taking is subject to signature limits to issope is also
supported by Low and colleagues work on identitigements. Low and Watts (2013) showed that while
children (aged 3 and 4) and adults reliably madeigatory gazes to the expected location of arcipased
on the belief of another, they did not do so bamednother’s incomplete knowledge about the idgietithe
object. Such identity judgements necessitate {2\egdrspective-taking, whilst location judgemersnot.
Further evidence that this may reflect a genuimd lio the “conceptual sophistication” (Low & Wat013;
pl) of efficient perspective-taking comes from WaHgdi and Low’s (2015) finding that the limitatiovas
observed independent of cultural variation.

Surtees, Butterfill & Apperly (2012) adapted Samsbal.’s perspective-taking ability to allow for
level-2 judgments. In this study, children andltmiwere asked to make self and other judgmentatahe
appearance of a numeral, making use of the fatstimme numbers (6 and 9 for example) look different
viewed upside down, whilst others (e.g. 0 and Bklthe same. Across trials there was variatiainéntype of
number used and whether the participant and theaakeoked at them from the same angle. Whengpatnts

made judgements about what number the avatar bawfaound this most difficult in cases where their



perspective was different from that of the avat@nalogous to Samson et al.’s (2010) egocentridetgfit was
hardest to judge that the avatar saw a 6 whenafteijpant saw a 9. However, no “altercentric’eetfwas
found for level-2 judgements, as observed fronfalcethat there was not a specific difficulty farpcipants in
judging that they saw a 6 when the avatar saw la ®as concluded from this that level-2 perspestizking
was not automatic: There was no evidence of effmienor of operation outside of cognitive contrdhere
were, however, two clear limitations to Surteealés findings. Firstly, there was no direct comipan
between level-1 and level-2 perspective-takingcoBdly, to be appropriate for children, particisadid
relatively few trials (only 60), thus limiting poweo detect signs of automaticity.

To examine the processes involved in adults’ Vipeaspective-taking, we therefore adapted Samson
et al.’s and Surtees et al.’s tasks so that wedcelidit level-2 as well as level-1 judgements gsiery similar
stimuli. We tested two aspects of automaticitythbehether adultsould calculate the avatar's perspective
rapidly enough to interfere with their given tasidavhether thewould do so outside of cognitive control. To
this end, we varied whether participants complétieds in separate blocks of self and other perspeor
mixed blocks. Separate blocks provide more oppdstuo strategically ignore the other perspectiels
providing a test of whether perspective-taking wlogpherate outside of intentionality and cognitieatrol.
Mixed blocks provide less opportunity to stratefiicaynore the other perspective, thus giving theagest
opportunity to observe whether rapid calculatioruldaever occur. On trials requiring explicit judgents of
the “other’s” perspective we follow Samson et 2DX0) and Surtees et al (2012) in predicting ewidenf
egocentrism. We expected participants to calcubati own perspective relatively automatically doduffer
a cost of ignoring this. On trials requiring exfljudgements of “self’ perspective, we predictdigrcentric
effects (interference from the avatar’s perspettiveboth of our level-1 conditions, since Samsal.&2010)
showed participants to be influenced by the avaiavel-1 perspective, regardless of opportunfbes
cognitive control. In contrast, we predicted thl¢rcentric interference from the avatar’s levgle2spective
would depend on the level of strategic control ke to participants. We expected no evidence of
interference in the separate block condition, inclwtparticipants have more opportunity for stratatly
processing just their own perspective. Our mixiedlbcondition, provided the opportunity for thesfi
systematic assessment of whether level-2 persgentivid be calculated rapidly enough to yield aktatric

interference under the right conditions.

EXPERIMENT 1



Method
Adult participants judged their own perspectivetat of a cartoon avatar in a picture stimulusvele
1 judgements involved judging how many balloonslddae seen, whilst level-2 involved identifying ameral
from its appearance (see figure 1). Consistentyd®n Self and Other perspectives was varied. ffecteof
Consistency on Other trials would be evidencegicentrisman extra cost due to ignoring one’s own
perspective. An effect of Consistency on Selignmould be evidence afltercentrisman extra cost due to

having to ignore the avatar's perspective, which lbeen processed unnecessarily.

Participants
Participants were 64 undergraduate students frenttiversity catholique de Louvain, Belgium

(Mean age: 19.4; 54 female). All participated Xelgange of course credit or a small honorarium.

Stimuli

All picture stimuli showed a cartoon avatar nexattable in a room (Figure 1). For level-1 stinarie
to three balloons were placed either in front obehind the avatar. For Consistent stimuli atihef balloons
were found in front of the avatar. For Inconsis&imuli one or more were behind him. Samsor.€2810)
showed that varying the position of objects in th&y did not disrupt processing of self perspectixeept in
the presence of an avatar. For level-2 stimulimeral (either a 6 or a 9) was placed on the table numeral
was seen either laid flat or stood upright. Thisc@l design feature of the stimuli meant that gtimulus
contained an upright numeral, perspectives wersistant and if the stimulus contained a flat-lymgneral,
perspectives were inconsistent. The novelty ofetstimuli, compared with those for the level-ktagant
that we conducted a pre-test to establish thabtieatation of the number did not affect judgemeritSelf

perspective in the absence of an avatar (see figire



Level-2 Inconsistent Level-1Inconsistent

Level-2 Consistent Level-1 Consistent

Figure 1, Example of stimuli used. For level-1 pexgive-taking, perspectives are inconsistent wlhenmore
balloons are unseen by the avatar. For level-Zopetive-taking, perspectives are inconsistent when
numeral lies flat on the table. Here the avatas $ee numeral in a different orientation.

Pre-test

17 participants (mean Age: 19.88 years, 16

female) completed a pre-test in which they
judged whether a preceding cue ,matched a
following picture (left). The basic procedure
matched that used in Experiments 1 and 2.

Results showed that participants’ speed
(t(16) = .281, p = .782) and accuracy (t(16) =

.279, p = .784) varied independently of the
orientation of the number. To these stimuli, a
cartoon avatar was added to create the
stimuli for Experiments 1 and 2.

Pre-test Pre-test
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Figure 2. Information on a pre-test performed &t fer variation in performance based on the nabfitevel-2
stimuli.
Procedure

Participants were evenly split into four groupsvékl Blocked, Level-1 Mixed, Level-2 Blocked and
Level-2 Mixed, and presented with 208 trials in tesel-1 conditions or 192 trials in the Level-2hditions.

The greater number for Level-1 reflects the faat the Level-1 conditions contained 16 filler tsiahcluded in



order to make each probe as likely to be combinighl av'yes” response (see Samson et al., 201Q@dtails).
On each trial (see figure 3) participants saw ation cross, followed by a cue as to whose perfetd take.
Following this a number was presented, for Levpklspective-taking, zero, one, two or three; foele
perspective-taking, six or nine. Finally, partaips saw the picture stimulus. On half of trithhe, cues
matched the content of the picture stimulus, orother half they did not. Participants respondec &ryboard

as to whether the cues matched the picture.

750ms
You

750ms

500ms
six

750ms

Figure 3. Example event sequence. Participants weeel with the relevant perspective, either yothion
“vous” or “lui” in French). This was followed byhé number to verify, for level-1 perspective-takigither
zero, one, two or three (“zéro", “un”, “deux” ord¢is”), for level-2 perspective-taking either six mne (“six”
or “neuf”). Participants responded as to the vglidif the cue. In the example above, the cues ctiyrenatch

the picture.

Results and Discussion
Only responses in which the cues and the pictutehed were analysed. Two participants who failed
to perform above chance were excluded. Outliergwgcluded from the analysis of Response Timehen
basis of being 2.5 standard deviations away froamtliean response time (between 2.3% and 2.9% of data
across the four groups), as were incorrect resgonser both Response Times and errors, we conapéete
2x2x2 repeated measures ANOVA with Level of pertipedaking (Level-1, Level-2) and Blocking (Mixed,

Blocked) as between subjects factors and Consigt@na within-subjects factor.



For Self perspective-taking, our crucial hypothegithe altercentric effect being limited to leviel-
perspective-taking rests on the interaction betwasml, Blocking and Consistency. For level-1 pexgive-
taking, we predicted an effect of Consistency thaipparent irrespective of whether the trials weesented in
mixed blocks, suggesting that level-1 other perpetaking is triggered by the mere presentatibtihe avatar
(Samson et al., 2010). If level-2 perspectivenigks as rapid and unintentional as level-1 petspetaking,
then we should find a consistency effect both éngbparate and mixed block design. However, &liev
perspective taking is not operating outside of égncontrol, we predict no effect in the sepatalieck design.
For the mixed block design, a Consistency effeatldalemonstrate that people could take the avagdiest
rapidly. For Other perspective-taking, we predidteat the effect of Consistency would be preserdss all
conditions. It has been regularly found that exdults suffer a cost to evaluating another perstissepant
perspective (Keysar et al., 2003), regardless @thdr this is a relatively simple level-1 judgemédamson et

al., 2010), or a more complicated level-2 judgen{8nttees et al., 2012).

Self perspective judgements (altercentrism)

Response Time¥/e identified a main effect of Consistency (seerfég4), F(1, 60) = 22.45p < .001,
np? = .272; Consistent < Inconsistent, of LeW&(], 60) = 25.16p < .001,np* = .295; Level-1 < Level-2, and
of Blocking, F(1, 60) = 10.19p = .002,np? = .145. The interaction between Consistency andiBhg was
significant,F(1, 60) = 7.18p = .009,np” = .107, as was that between Consistency and LE{fl60) = 6.01p
=.017,np% = .091, and there was a trend for an interacteteen Consistency, Level and Blockifl, 60) =
3.37,p=.073,np* = .053. Since one of our predictions concernésttiree-way interaction we investigated
this trend further.

ForLevel-1 perspective-taking, there was a main efé&onsistencyt(1, 30) = 9.47p = .004,np*
= .24, Consistent < Inconsistent, a main effedlotking F(1, 30) = 6.06p = .02,np? = .168, Blocked <
Mixed, but no interaction between Blocking and Gstesicy,F(1, 30) = 1.33p = .258,np* = .042.

For Level-2 perspective-taking, there was a main efié@onsistency(1, 30) = 14.99p = .001,np?
= .16, Consistent < Inconsistent, a main effedlotking F(1, 30) = 4.60p = .04,np? = .133, Blocked <
Mixed, and an interaction between Blocking and €stencyF(1, 30) = 5.83p = .022,np? = .164. This
interaction demonstrated that the effect of Coanisy was significant for mixed blocks of level-Zgmective-

taking,t(15) = 3.58p = .003, Consistent < Inconsistent, but not forasafe blockst(15) = 1.52p = .150.
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Errors. Overall the error rate was very low (4.5%). Theaswa main effect of Consistency on error
rate,F(1, 60) = 7.35p = .009,np® = .109; Consistent < Inconsistent, no effect ofdleF(1, 60) = .296p =
.589,np? = .005, and no effect of Blocking(1, 60) = 1.06p = .307,np? = .017. The only significant
interaction was between Consistency, Blocking aedel, F(1, 60) = 9.37p = .003,np? = .135.

For Level-1 perspective-taking, there was a main effé@onsistencyf(1, 30) = 4.30p = .047,np? =
.125, Consistent < Inconsistent, no main effedlotking F(1, 30) = 2.24p = .145,np? = .069, and no
interaction between Blocking and Consisterfefl,, 30) = 2.20p = .149,np? = .068.

ForLevel-2 perspective-taking, there was a trend foeffiect of Consistency;(1, 30) = 3.40p =
.075,np? = .102, Consistent < Inconsistent, no main eféé@locking F(1, 30) = .10p = .75,np* = .003,
Blocked < Mixed, and an interaction between Blagkand Consistenc¥(1, 30) = 7.34p = .011,np? = .197.
This interaction demonstrated that the effect ofisistency was significant for mixed blocks of legel
perspective-taking(15) = 3.78p = .002, Consistent < Inconsistent, but not forasafe blockst(15) = .542p

=.596.

Other perspective judgements (egocentrism)

Response Time®/e identified a main effect of Consistenéy1, 60) = 66.80p < .001,np* = .527;
Consistent < Inconsistent, of Level1, 60) = 44.27p < .001,np? = .425; Level-1 < Level-2, and a trend for an
effect of Blocking,F(1, 60) = 3.617p = .062,np? = .007. There was a two-way interaction between
Consistency and Blocking=(1, 60) = 12.011p = .001,np? = .167, and a three-way interaction between
Consistency, Level and Blocking(1, 60) = 4.58p = .036,np? = .071. The interaction between Consistency
and Level was not significarfg(1, 60) = 1.14p = .29,np* = .019.

ForLevel-1 perspective-taking, there was a main efdéconsistencyi-(1, 30) = 138.94p < .001,
np? = .822, Consistent < Inconsistent, no main efté&locking F(1, 30) = 1.188p = .284,np? = .038, and an
interaction between Blocking and Consisterffyl,, 30) = 4.842p = .036,np? = .139. Though the Consistency
effect varied in magnitude, it was significant Bmth blocked(15) = 6.69, p < .001, and mixed blockgd5s) =
10.06, p < .001, conditions.

ForLevel-2 perspective-taking, there was a main efféconsistencyi-(1, 30) = 138.94p < .001,
np? = .822, Consistent < Inconsistent, no main efééd&locking F(1, 30) = 2.43p = .130,np? = .075, Blocked

< Mixed, and an interaction between Blocking anas&stencyF(1, 30) = 8.64p = .006,np? = .224. Though
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the Consistency effect varied in magnitude, it sigsificant for both blocket{15) = 2.68, p =.017, and mixed

blocked,t(15) = 4.16, p < .001, conditions.

Errors. Again, error rates were quite low (3.9%). A maifeef of Consistencyr(1, 60) = 40.58p <
.001,np? = .403; Consistent < Inconsistent, and of Le#él, 60) = 7.17p = .001,np? = .107; Level-1 < Level-
2, but no effect of Blockings(1, 60) = .304p = .584,np” = .005. The only significant interaction was betwe
Consistency and Levef(1, 60) = 25.23p < .001,np* = .296. This demonstrated that for Level 1 theas an
effect of Consistency(15) = 7.08p < .001, Consistent < Inconsistent, that was npaegnt for Level 2t(15)

=1.13,p =.266. Thus, the pattern of results in the earalyses was consistent with that found in the RT

analyses.
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Figure 4. Results of Experiment 1. Error bars re@néthe standard error of the mean.

When participants explicitly took the avatar’s gesstive, our results demonstrated egocentrism.
Participants in all conditions were slower whenakatar’'s perspective was different from their camal this

was observed for reaction times and error propertibhis effect varied in size with level and witlocking,
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but was always significant. When participants ttwdir own perspective, we saw a different pattédrresults
for level-1 and level-2 perspective-taking (seeuFégd), with the effect most marked when taking ia¢count
the error proportion. For level-1 perspective-takiconsistency always affected performance, régssaf
whether trials were in mixed or separate blocksr I&vel-2 perspective-taking, consistency only had
significant impact in the mixed block conditionhi$ suggests that the involuntary computation efdther

perspective was limited to the level-1 task.

EXPERIMENT 2
Experiment 1 showed that there was a differencedsst level-1 and level-2 perspective-taking indegree to
which other perspective-taking was triggered rapadid unintentionally. One thing that differedwewer,
between the two conditions was the number of ptessiles to which the participants had to atteratjiteg to
the possibility that there was a higher cognitivad in the level-1 than in the level-2 task. Fwel-2
perspective-taking, only the numbers 6 and 9 weeeluraising the possibility that participants weiée to
resist interference from the avatar’s perspectaegabse the stimulus set was so small. For lepelrdpective-
taking, by contrast, the fact that participants ttadonsider a larger set of stimuli, ranging fré+8, may have
led to a greater cognitive load that led to altetde interference in both blocked and mixed caodi. To
investigate this possibility, we repeated the l&/ebnditions from Experiment 1, with the additibmelusion
of stimuli involving 1 and 8, which look the sanfizviewed from another angle. This means that #iesigze for
level-2 conditions in Experiment 2 was the samiathe level-1 conditions in Experiment 1. sat-size
hypothesisvould predict that this manipulation should raise tognitive load, leading to altercentric
interference in both mixed and blocked conditiaigvel-1/ level-2 distinction hypothesi®uld predict
findings similar to those in Experiment 1, wherddwel-2 perspective-taking is not triggered rapiolty

unintentionally.

Method

Participants

Participants were 32 undergraduate students frenthiversity catholique de Louvain, Belgium

(Mean age: 20.33, 22 female). All participate@xchange of course credit or a small honorarium.
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Design and Procedure

Participants were divided into two groups: Mixedl 8locked. The basic procedure matched that of
the level-2 condition of Experiment 1 (see figuje Barticipants in the mixed condition complet®@ trials
(96 Self, 96 Other), on half of trials they judgédir own perspective of the identity of a numbed an the
other half they judged the perspective of the avatathe Blocked condition, these self and othiats were
completed in two separate blocks. As in Experindern half of trials self and other perspectivesav
consistent and on the other they were inconsisténe crucial point of difference from Experimenvas that
on this occasion, we included a larger range afidii As well as being cued with the numbers “sixid
“nine”, participants were equally likely to be cueith the numbers “one” and “eight”. Similarly, &addition to
the four basic picture stimuli (figure 1), an adutigl set of filler trials were included with thembers 1 and 8

displayed in the upright and flat positions.

Results and Discussion
Self perspective taking (altercentrism)

Response Timeé 2x2 repeated measures ANOVA with Blocking (Mix@&locked) as a between
subjects factor and Consistency (Consistent, Iristarg) as a within-subjects factor revealed a reéfiect of
Consistency (see figure 5j(1, 30) = 12.56p = .001,np? = .296; Consistent < Inconsistent, and an efféct o
Blocking, F(1, 30) = .5.84p = .022,np* = .163; Blocked < Mixed. The interaction betwe&snsistency and
Blocking was also significanE(1, 30) = 4.434p = .044,np? = .129. Follow up t-tests evidenced better
performance for Consistent (than Inconsistent)stifiar the Mixed block conditiort(15) = 3.21p = .006, but
not for the Blocked condition(15) = 1.52p = .149.

Errors. Overallerror rate was quite low (6.6%). There was a raéfiect of Consistency;(1, 30) =
4.86,p = .035,np” = .139; Consistent < Inconsistent, but no effé@locking, F(1, 30) = .016p = .901,np? =
.001. The interaction between Consistency andkgcwas not significanf (1, 30) = 1.75p = .196,np’ =
.055. However, the pattern of errors was not ssiije of the RT analyses results being causeddpead
accuracy trade-off, since, consistently with ther@3ults, there was no effect of consistency inblbeked

condition,t(15) = .676, p = .509 while there was in the migedditiont(15) = 2.324, p =.035.

Other perspective taking (egocentrism)
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Response Timeé 2x2 repeated measures ANOVA with Blocking (Mix@8locked) as a between
subjects factor and Consistency (Consistent, Iristerg) as a within-subjects factor revealed a re#fiect of
Consistencyf(1, 30) = 62.69p < .001,np? = .676; Consistent < Inconsistent, but no effédlocking, F(1,
30) = .386p = .539,np? = .013. The interaction between Consistency dondking was not significanf (1,
30) = .803p = .377,np? = .026.

Errors. Overall error rates were quite low (6.3%) and wagein mainly explored to rule out that the
RT results reflected a speed-accuracy trade-dfferd was a main effect of Consisteriegl, 30) = 5.95p =
.021,np? = .166; Consistent < Inconsistent, but no effédlocking, F(1, 30) = .236p = .630,np? = .008. The
interaction between Consistency and Blocking wassigmificant,F(1, 30) = .238p = .629,np? = .008. Thus
the results of the error analyses were consistéhtthhose observed in the RT analyses.

In summary, increasing set size did not alter #aefindings seen in Experiment 1. For other
perspective-taking, we again found evidence of egstsm, it was harder to judge that the avatar a@®wf you
saw a 9, this effect was apparent regardless ofheh¢he trials were presented in separate or niecks.

For self perspective-taking, we again found evigeoitinterference from the avatar’s perspective dgain
only in our mixed block condition. Experiment Zéars theevel-1/ level-2 hypothesithat the altercentric

effect is driven by the type of perspective-takimgolved and not by the size of the stimulus set.

Experiment 2 Experiment 2
1100 0.15

IE RN

Mixed Blocked Mixed Blocked Mixed Blocked Mixed Blocked

o
o
o

o
o
]

Response Time (ms)
~
o
o

Error Proportion

o
o
o

Other Self Other Self

Consistent M Inconsistent Consistent ® Inconsistent

Figure 5. Results of Experiment 2. Error bars repnéthe standard error of the mean.

General Discussion
We deployed direct and indirect measures acroskimas of perspective-taking problem: level-1
(judgingwhethersomeone sees an object) and level-2 (judgmgthey see it). Our findings suggest that direct

and indirect measures tap distinct processes feppetive-taking. While it was clear that partaips
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processed and correctly judged both level-1 aneli\perspectives when directly asked to do soirtheect

measure indicated that only level-1 perspectiv@atalvas triggered outside of cognitive control.

Directly measuring perspective-taking.

When participants had to judge the perspectivenahvatar explicitly (in other-perspective triald)ey
always found this harder if their own perspectiaswlifferent. The egocentrism identified fits wittevious
reports that adults show egocentric biases (Nickers999). Egocentric biases are consistent wilbaast two
perspective-taking strategies. Firstly, particigasould be using a strategy of egocentric anchaaird
adjustment (Epley et al, 2004), initially repregegta self-perspective and making a series of aujeists away
from this. An egocentrism and adjustment hypothesiuld suggest that consistent trials are processee
easily because self-perspective already represerappropriate estimate for other-perspective fieotil
adjustments are not required. Another alternasivbat participants do immediately begin processie
other’s perspective, but suffer interference ag then perspective is a salient distracter.

Evidence of egocentrism across both level-1 anel{\perspective-taking still allows that the two
tasks are achieved by distinct processes. Explidgements of other people’s perspectives mayirequ
rotation or line of sight calculation (Michelon &agks, 2005), may be embodied, or not (Kessler &niidun,
2010) and, of course may show a different developiaieourse (Flavell et al., 1981). A recent st(@yrtees,
Apperly & Samson, 2013), found that whilst explicilgements of level-2 visual perspectives weresitiga to
angular disparity between self and other, expjicigements of level-1 visual perspectives were fdfortful
perspective-taking affords flexibility of strategyhow we solve perspective-taking problems (Appé|
Butterfill, 2009). This comes at a cost to effitiy and is subject to egocentrism, either from mgulsiufficient
adjustments to calculate another person’s persgectithrough selecting between competing selfathdr

perspective contents.

Indirectly measuring perspective-taking

Not all perspective-taking is undertaken in respasan explicit requirement to judge the contdnt o
someone else’s perspective. Evidence from thedotlimeasure of perspective-taking in the curramtys
converges with evidence from Samson et al. (2046)vgg that level-1 perspectives may be calculasgpidly
and unintentionally and extends the evidence basthis effect. Firstly, the current evidence segg that

these effects generalise to avatars that are edeantvards the participant, whereas previous figslimave all
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used an avatar whose perspective is perpendicuthetviewer. Secondly, the current evidence aldikect
comparison of blocked and mixed block designs amtkfequivalent effects in these cases.

The altercentric interference we observed sugdhatghe calculation of level-1 perspectives is
triggered by the presentation of an avatar. Amapeestion remains as to whether the richnesdafiration
about perspectives contained when generated invihyss equivalent to that generated through eitplic
processing. One alternative is that a rich spatiatesentation has been made of the spatial tocafithe
avatar and all objects that form part of his pectipe. Alternatively, the presence of an avataa Wsual scene
may trigger the generation of two separate setscas object properties, firstly the set {Objeasrsby self}
and secondly the set {Objects seen by avatar}thiBy/second alternative, we may be slower on instarst
trials due to a post-recognition conflict. To thiay of thinking, inconsistent trials are more idifit as
{Objects seen by selff {Objects seen by avatar}, rather than becausequfaditative difference between visuo-
spatial representations. Whilst it may be debatilether this alternative actually means that weeltakenthe
avatar's perspective (e.g., Santiesteban et d4 2@ is apparent that such a distinction basedlgect
properties would be enough to drive recent indinreeasures of false belief reasoning (Onishi & Bgéen,
2005) and solve many everyday problems (e.g., H&gs1b).

We also found evidence of altercentrism in leXglerspective taking in our mixed block design,
suggesting that perspective-taking had taken plagiely in this context, despite the fact that @swrrelevant
within trials in which participants judged their oyperspective. This finding is consistent withestbvidence
that specific cues and specific conditions caruifice the degree to which another’s perspectipeoisessed
without explicit instructions to do so (Back &Apiher2010; German & Cohen, 2012; Surtees, Noordzij &
Apperly, 2012). Itis also informative that thifeet shows that level-2 perspectives can, in ppiec be
calculated with sufficient speed to interfere vatfast judgement of one’s own perspective. It migtve been
thought that calculating the avatar’s perspectivéhe numeral stimuli used in the present study was
intrinsically slow because it required mental rimtat(e.g., Carruthers, 2013). Other research shbatsunder
some circumstances, level-2 perspective taking omesd require mental rotation (e.g., Surtee$ €2@13),
but the present findings from mixed blocks of gighow that this can sometimes be performed seiffiki
quickly to generate altercentric interference &wel-2 perspectives.

In light of the presence of altercentric infereffimen a level-2 perspective in mixed blocks of sjahe
absence of this effect when trials were presemtesgparate blocks is particularly informative.interference

effects on self judgements observed by Samson €@l0) were due to rapid and unintentional caltoh of

17



the avatar’'s perspective, then we provide evidérece that under such circumstances this processraie
calculate level-2 perspectives. The existencemrbaess (or set of processes) that is triggenedisa(Samson
et al., 2010) and is cognitively efficient (Qureshial., 2010) helps to explain how adults meepérspective-
taking demands everyday social interaction and conication without placing an onerous burden on gane
processing resources. The fact that such procgagipears limited to level-1 perspectives helpsagxpvhy
more effortful theory of mind processes remain seagy in some cases. Such limitations also agstdin
converging evidence from different participant grewn different paradigms, which indicates thatipigants
with limited cognitive resources may be able taetlvel-1 perspectives, but not level-2 perspestivEasks
using preferential looking or violation of expeadathave demonstrated level-1 abilities in infartmyt so far
there is no evidence of level-2 abilities (OnishB&illargeon, 2005, Sodian et al, 2007, Southgaét, 2007).
Children from 2-years of age, but not 18 monthsehaade explicit solutions requiring level-1 pexgpee-
taking (Moll & Tomasello, 2006), but again therens evidence of such success in a level-2 paradigh
around the age of four (Flavell et al. 1981). @dirse, the present findings do not preclude thetemce of
alternative efficient processes that calculatell@vyeerspectives automatically. For example, weildo
certainly suppose that specific cases could benzatined through sufficient practice- as may haygpkaed in
our mixed block design. Our findings do, howevewrconverge with other evidence and show thatekeli1/
level-2 signature limit has been identified indeghemt of age (Low & Watts, 2013; Surtees et al.,2®ang et
al., 2015), culture (Wang et al., 2015) and expenital paradigm (Low & Watts, 2013). For this regsse
follow Apperly and Butterfill (2009) in suggestittgat as a general rule level-2 perspectives, itrashto

level-1 perspectives, are not calculated rapidly @mside of cognitive control.
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