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Abstract

Processes for perspective-taking can be differeatian whether or not they require us to mentally
rotate ourselves into the position of the othesper(Michelon & Zacks, 2006). Until now, only two
perspective-taking tasks have been differentiatatiis way, showing that judging whether somethinp
someone’s left or right does require mental rotgtiut judging if someone can see something odoes not.
These tasks differ firstly on whether tbententof the perspective is visual or spatial and selyood whether
thetypeof the judgement is early-developing (level-1 type)ater-developing (level-2 type). Across two
experiments, we tested which of these factors ikaly/Ito be most important by using four different
perspective-taking tasks which crossed orthogorhéigontentof judgement (visual vs. spatial) and tpeof
judgement (level-1 type vs. level-2 type). We fouihdt the level-2 type judgements, of how somettiogs to
someone else and whether it is to their left dntrigequired egocentric mental rotation. On theepttand, level-
1 type judgements, of whether something was intfodor behind someone and of whether someone méd
something or not, did not involve mental rotatigve suggest from this that the initial processimgtegies
employed for perspective-taking are largely indejeen of whether judgements are visual or spatiabiture.

Furthermore, early developing abilities have feadithat make mental rotation unnecessary.



For everyday thought and action we often requira@urate representation of our environment aralthks
ability to predict how that environment might chan@f particular importance within that environmarg other
people. The requirement to be able to cooperateampete with others has helped to shape humaritogn
(Tomasello, 2008). Successful cooperation and ctitigyeare often thought to require accurate pectpe-
taking (Keysar, Lin & Barr, 2003), this is our atyilto non-egocentrically represent some aspeti@ivorld as

it is to another.

Perspective-taking is has been taken to meaniatyarf things in different literatures. Commontyis
thought to imply an ability to put ourselves ink@tshoes of another. It is, however, an open quegir
cognitive scientists as to whether or not the caafmnal processes we use actually involve mentally
positioning ourselves where the other person icliglon & Zacks, 2006). For any perspective-takagkt three
basic components are involved: a perspective-tgdelf), who judges another’s perspective; a tafQeter)
perspective that can be judged (this is most contlyreomother person, but can in fact be a directiofmgdct or
an imagined self-perspective); and an object @muonstance (Object) upon which the perspectivekisritaSeen
this way, perspective-taking involves two levelgahtion (and two levels of representation, Rakp2012).
Firstly, regarding the relationship between the 8etl the Other: How does the Self represent tieiGt
perspective? Secondly, regarding the relationseipiden the Other and the Object: What relationsbipreen
the Other and the Object is represented? It ishwasting that this, rather minimal, definition doest require
that the Other actually perceives something. Rebeas in the area of Theory of Mind (ToM, the dbito
represent, understand or act sensitively basetleomental states of others) have put a premium on
understanding others’ minds (Premack & Woodrufif9Q It is, however, very difficult in practice &ssure
this, with non-mental short cuts often providingnsistently correct responses (Perner & Ruffman5200
Adding complexity to Other-Object relations can makentalistic interpretations more parsimonious hgue

we focus on relatively simple relations.

Distinct types of Other-Object relations are il in visual perspective-taking and spatial
perspective-taking. Visual perspective-taking imesl a relationship based on if and how an objestén by the

other. Spatial perspective-taking involves a retathip based on the relative spatial locationsiefather and



the object. The literature on perspective-takirtgmtreats such abilities as separate, but therelear
commonalities between such judgements (Surtees,ddipé& Apperly, 2012). They both require the atyilto
identify the position and orientation of someorgeand the ability to understand that their perthgemay be
different from our own: It may be in front of hdmt behind me; | may be able to see it, even ifcgtrét. Often,
but not always, the spatial relation “in front”‘taehind” can act as a successful proxy for whesienething is
seen by someone else, and adults have been folnedp@articularly sensitive to the fronts of othepple
(Surtees, Noordzij et al. 2012) and also to whetiipects are seen by them (Samson, Apperly, Braitiew
Andrews & Bodley-Scott, 2010). In this paper, weedily compare visual and spatial perspective-@kiith

the goal of identifying commonalities and differesdn processing strategies.

Visual Perspective-taking

Successful cooperation with and competition agatisrs can often depend on judging what objects
are seen by someone and how they see them. Fampatizee the ability to judge if food can be segn b
another chimpanzee can mean the difference betare@ppropriate and an inappropriate behavior in the
presence of a dominant other (Brauer, Call & Toras2007). Visual perspective-taking has receiaddrge
amount of attention from developmental and compargtsychologists (Brauer et al., 2007; Emery &y@ia,
2004; Flavell, Everett, Croft & Flavell, 1981; P&g Inhelder, 1956). This is, at least in padcause it is

often considered to form the starting point of bheader ability of ToM (Flavell, 1988).

Visual perspective-taking is not thought to bendary ability (Flavell et al., 1981). Flavell and
colleagues in the 1970s and 1980s showed a distavetiopmental trajectory (Masangkay et al., 1%8vell et
al., 1981). Specifically, they found that 3-yead-children passed tasks requiring “level-1" perspeetaking,
the ability to judge that someone else might netae object that you yourself can see (Masangkay,et973;
Flavell et al., 1981). This ability has since bebown in explicit responding by the age of 24-mer{tfioll &
Tomasello, 2005) and in implicit monitoring of gadieection in infancy (Song & Baillargeon, 2008;dtm,
Thoermer & Metz, 2010). It has also been demoresirbyy a number of non-human animals, includingrothe
primates (Brauer et al., 2007; Santos, Flombaunhiflifs, 2006), more distant mammalian relationshsas
dogs (Hare, Brown, Williamson & Tomasello, 2002}l @yoats (Kaminski, Riedal, Call & Tomasello, 2005
even certain species of bird (Emery & Clayton, 2004is has suggested that level-1 perspectivertpki
requires only limited cognitive control and maygzet of a low-level system for mind-reading (Apyesi

Butterfill, 2009). Samson et al. (2010) found evide consistent with this hypothesis in that adsgtsmed to
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automatically calculate the level-1 visual perspest of others. Further studies have suggestedhizat
automaticity is also present in the responsestf §ear old children (Surtees & Apperly, 2012) @ckelatively
undemanding on general cognitive resources (Qur8simson & Apperly, 2010). Interestingly, thoudfist
ability is not sufficient for making explicit respses. When adults make direct responses aboutsokies!-1
perspectives, they suffer an extra cost if theyehtavignore their own conflicting perspective (Samst al.,
2010). Such evidence is also consistent with figsliftom studies of referential communication (Key&arr,
Balin & Brauner, 2000; Keysar et al., 2003) showihgt adults require effort to avoid respondingf another

person sees all the items in their own view.

There is, of course, more to visual perspectivéatakhan judging if someone can see a given olgeobt.
Flavell et al. defined level-2 perspective-takisguaderstanding that “an object simultaneouslyblésio both
the self and the other person may nonethelessigwédo different visual impressions or experierioethe two
if their viewing circumstances differ” (Flavell, at.,, 1981, p1). The ability to do so developsratechildhood,
at around four years of age (Flavell et al., 198&sangkay et al., 1973). Level-2 perspective-takibijties are
yet to be found in infants or non-human animalsgégy & Butterfill, 2009) and there is no eviderafe
automatic level-2 perspective-taking (Surtees, Alyp& Samson, submitted; Surtees, Butterfill & Aplye

2012).

Spatial Perspective-taking

Spatial perspective-taking is the ability to untkemsl where something is located relative to someone
else. This kind of perspective-taking has recefaedess interest from researchers in social petsmetaking.
This is, at least in part, likely to be becausediapperspectives need not necessarily imply mesdatent: for
me to know that something is to your left is inway dependent on you representing it being as s$och.
addition, there is not necessarily more than aitrar distinction between adopting a spatial pecsive of
another person and any object with a front (Surtdesrdzij et al., 2012). For example a meaningistinction
can be made about the location of a ball beingantfof a chair in the same way as it can aboutdbation of a
ball being in front of a person (Surtees, Noorézial., 2012). Related to spatial perspectivedrarees of
reference, which allow us to encode spatial infdiomarelative to ourselves (the relative frame aference),
relative to another person/thing (the intrinsiarieaof reference) or to some non-varying elemettén
environment (the absolute frame of reference, L 1996, 2003). There is evidence that adulznaatically

activate multiple frames of reference when makingdistic decisions (Carlson-Radvansky & Irwin, 399



Carlson-Radvansky & Jiang, 1999). On the other htrate is evidence of cross-cultural differencethe
conditions under which different frames of refereiace adopted (Bowerman & Choi, 2003; Levinson£)99
There is some evidence that spatial perspectiwedviimg people are treated somewhat differentlthtuse
solely involving objects, with children and adutsowing different frame of reference use for a pe@nd an
object (Surtees, Noordzij et al., 2012). Therdss avidence that people spontaneously take th&abkpa
perspectives of others even when it is not necg¢3aersky & Hard, 2009) and evidence of people takn

adopting another’s paosition in tasks involving jidgsimple actions (Pickering, McClean & Gambi, 2p1

Like for Visual perspective-taking, there is som@ence that the ability to make judgements about
spatial perspectives does not undergo a uniforreldpwmental pattern. Specifically there is evideotearly
sensitivity to notions of front and back (Bialyst&kCodd, 1987; Cox, 1981; Harris & Strommen, 1972).
Children consistently use the words “in front” dbehind” by the age of 3-4 years (Bialystok & Cod@87;
Cox, 1981; Harris & Strommen, 1972), but are nd¢ &b show consistent use of “to the left of” oo the right
of” until much later (Harris, 1972Whilst it is clear that these distinctions do na@pdirectly on to Flavell and
colleague’s (Flavell et al., 1981) definitions ef/€l-1 and level-2 visual perspective-taking, wi egnsider
judgements of in front or behind as “level-1 ty@eid judgements of to the left or to the right dsvél-2 type”.
This is based on the developmental delay betweetwih abilities and for ease in describing simiiasi and
differences across visual and spatial dimensiohs i§, of course, somewhat arbitrary and is aiatguroviding
clarity of comparison, rather than classifying sgtidgements on the basis of existing definitiohgisual

perspective-taking.

Processes for Visual and Spatial perspective-taking

Within the two separate strands of research thesebben some important investigation of the presess
involved when we adopt another’s perspectives.é&al-1 visual perspective-taking, there is evidetiat
inhibition is needed to select between self anémierspectives (Qureshi et al., 2010; SurteeqyBlBeck,

Riggs & Apperly, under review). There is similaidance that inhibition is required to select betddéferent
frames of reference (Carlson-Radvansky & Jiang919@s well as looking for whether inhibition isquired to
avoid our own point of view, researchers have begure interested in the strategies involved ifedént types
of perspective-taking (Kessler & Thomson, 2009; Mion & Zacks, 2006; Zacks, Mires, Tversky & Hairedf
2000). In a seminal study aimed to identify thatstgies used in perspective-taking, Michelon & 2@006)

had participants complete perspective-taking ias& tvhere they systematically manipulated two factine



angular disparity between the participant and éinget other Angleherein) and the distance between the other
person and the object about which the perspectastakenDistanceherein). By examining two different
kinds of perspective-taking task, Michelon andk&iclentified two different performance patternshéf
participants were asked to judge if a doll could aayiven object or not (a level-1 visual perspestaking
task), their performance varied in relatioristance but did not vary linearly in relation tAngle.Michelon
and Zacks concluded that participants were traaitige from the doll's eyes. When participants wasked to
judge if an object was to the left or the rightlod doll, performance varied linearly in relatioipsto Angle,but
less so foDistance.Michelon and Zacks concluded that, for this kingefspective-taking, participants were
mentally rotating themselves to the doll's positibrterestingly, in addition to this, Kessler anidomson (2010)
showed that the participants’ own body orientatiffiected these left/right judgements suggestingtthia
process was dependent on the current embodiedsezpiagion of one’s own egocentric position. Talagether,
these findings are highly informative about proess®r visuo-spatial perspective-taking. Whilst Méton &
Zacks entitled their paper “two kinds of visual gEctive-taking”, it is clear that judging “to thedt of” or “to
the right of” is not prima facie @sual perspective judgement at all. Left/right judgemeras equally well be
made in relation to a blindfolded person or a fednbbject such as a chair, neither of which hasvasual

perspective on the scene.

In summary, visual and spatial perspective-takitegdtures have, until recently, employed separate
approaches. Two exciting studies have paved thefevayur understanding of the computational proesss
involved in visuo-spatial perspective-taking (Kesst Thomson, 2010; Michelon & Zacks, 2006), but cu
across existing distinctions emanating from dewveleptal psychology. The findings show clearly thag o
strategy (line of sight tracing) is used for anyedeveloping form of visual perspective-takingathvhich
developmental psychologists refer to as level-laliperspective-taking. They also show clearly thdifferent
strategy (embodied egocentric transformation) eéluer a later developing form of spatial perspeztaking.
However, these findings point to two very differenhclusions. AContent specificithypothesis would suggest
that line of sight tracing might be used for aual perspective judgements, whilst egocentric adentation
might be used for all spatial perspective judgemdntcontrast, dype specificithypothesis would suggest that
line of sight/orientation tracing might be used éarly developing abilities (be they visual or sgpiatwhilst
egocentric mental rotation might be responsiblddtar developing abilities (be they visual or &t The

current studies sought to test these hypotheses.



In two experiments, we tested the relative contidruof Angle(the angular displacement between the
perspective-taker and an avatar whose perspebiygudged) an®istance(the linear distance between the
avatar and an object) on four types of perspedtikarg task. The requirements of these tasks vanetivo
dimensions. Firstly, whether the task was a visual spatial perspective-taking task. Secondly,tivdrethe
ability to pass the task develops earlier or latahildhood, considered ésvel-1 typeandlevel-2 type
respectively. For the “Visual 1” condition, parfients judgedf a numeral could be seen (a level-1 perspective-
taking task- Flavell et al., 1981). For the Visllaondition, they judged what number the numeegiresented
(a level-2 visual perspective-taking task- Flaeglal., 1981). For the Spatial | condition, theggad whether
the numeral was in front of or behind the avatar.tRe Spatial Il condition, they judged whethes ttumeral
was to the left of or to the right of the avatare Wleasured Response Times as a proxy for howuiféach
judgement was and how this depended\ngleandDistance.We further measured error rates to test for trade-
offs between speed and accurddging this design, we can made distinct predictimersed on our two

hypotheses.

Type specificity hypothesis.

According to this hypothesis, level-2 type judgetsdgrisual and spatial) would require egocentric
mental rotation while level-1 type judgements (@isand spatial) would not. This hypothesis woulddict an
interaction between Type of perspective-takingdlelvtype/ level-2 type) and Angular disparity. Fewel-2
type, there should be a significant and linearti@hship between Angle and difficulty, such thagraater angle
corresponds to a greater difficulty. For level-pdythere should be no relationship between Angte a

difficulty. The type specificity hypothesis makes strong claims about an effect of distance.

Content specificity hypothesis.

According to this hypothesis, spatial perspectudggments (level-1 type and level-2 type) would
require egocentric mental rotation while visualgperctive judgements (level-1 and level-2) would idis
hypothesis would predict an interaction betweent@uof perspective-taking (Visual/Spatial) and Alag
disparity. For spatial perspective-taking, thereutth be a significant and linear relationship betwéngle and
difficulty, such that a greater angle correspomda greater difficulty. For Visual perspective-tadj there
should be no relationship between Angle and difficu-or the content hypothesis to be correct dagsequire

Distance to effect perspective-taking differengiatross our conditions. However, an extensiohdéocbntent



hypothesis would be to argue that all visual perpe judgements are more sensitive to Distance étla

Spatial judgements (as has been shown in a subetse judgements, Michelon & Zacks, 2006).

EXPERIMENT 1

Method

Participants

Participants were 64 undergraduate students (18)rfraim the University catholique de Louvain,
Belgium. They all participated in the study in eange of course credit or a small honorarium of EoEu

Participants had an average age of 20.63 yearg(RE#+24).

Stimuli

Picture stimuli all presented a human avatar seatin a room (see figure 1). The stimuli were
created using Blender (www.blender.org). Alongghieavatar was a cube and on the cube a singlerali(de
6, 7 or 9). The position of the avatar and the fulmaeral were varied on two orthogonal dimensidine angle
at which the avatar was facing differed from thglarat which the virtual camera was positioned bg of 4
magnitudes: 0°, 60°, 120°, 180°. For 60° and 126tupes this included both clockwise and anticloidev
variants. The distance at which the numeral wasepldrom the avatar took one of 2 magnitudes: [dedrFar.
The Far condition was placed at a distance thattwiag as far within the virtual world as the Neandition. In
three of the conditions (Spatial I, Visual | andial 11), stimuli presented were taken from the saet. In these
cases, the numeral appeared either directly irt iodirectly behind the avatar. For Spatial Ik thcation of
the numeral was displaced 45° from the angle oatlaar, so that meaningful judgments could be nasde

whether it was to the left or the right of the aat



Manipulating Angle
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Figure 1. Subset of stimuli used in all four expants. Note that for the Spatial Il condition, bteck with the

numeral on it was off-set at a 45° angle from thatar.

Procedure

Participants were randomly divided into one of fguwups Visual |, Visual Il, Spatial | or Spatial |
Participants were instructed that they were toquarfa perspective-taking task in which they werigado
make judgments based on picture stimuli. Afterflinstructions, in all conditions they completed @drécctice
trials followed by 256 experimental trials dividiedio four blocks, all using the same basic procedsee figure
2). Participants saw a written cue before an im@gepresentation of the image, participants’ tagk to

respond, by pressing the left or right mouse butisrto whether the cue matched the picture.
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600ms 300ms 800ms 500ms Until response or 5s
Visual I: judging whether the number is seen or not

+ Neuf

3

600ms 300ms 800ms 500ms Until response or 5s

Visual II: judging how the number is seen

+ Devant

600ms 300ms 800ms 500ms Until response or 5s
Spatial I: judging if the number is in front or behind

+ Gauche

600ms 300ms 800ms 500ms Until response or 5s

Spatial IT: judging if the number is to the left or right

Figure 2. Procedures for experiments

For Visual |, this meant responding as to whetheravatar could or could not see the number. Fsr th
they were cued by either “vu” (seen) or “pas vuit(seen). Trials were divided equally on four expental
factors: Whether the picture and the cue matcheatdV) Mismatch), whether the avatar saw or didseetthe
numeral (Yes, No), the distance between the aaatdithe numeral (Near, Far) and the angular displaat
from the avatar (0°, 60°, 120°, 180°). Previousigs (Michelon & Zacks, 2006) have found equivaéenc
between clockwise and anti-clockwise rotationstdfare for our 60° and 120° conditions, there wareequal
number of trials in which the displacement was klase (see figure 1) and anticlockwise. For Spatidie
exact same picture cues were used. The only diféerbere was that the word cues “devant” (in frant)
“derriére” (behind) replaced seen and unseen réispsc In Visual Il, for the 128 match trials, the matched
those trials in the Visual | and Spatial | condisovhere the numeral was seen by the avatar. Sowagéad an
equal number of trials for each angle and distamdan-match trials were of two-distinct types tsere two
vital elements of the task. In half of non-matdhlg, the number cue did not match the number ozesg this
ensured that participants truly judged how the nemhtioked from the avatar’s perspective. In theptfalf, the

number was correct, but was located behind theaavahis was to ensure that participants had toap@ntion

11



to the avatar himself, rather than just the numémt Spatial 11, match trials were the same asetfor Visual Il
except for the fact that the number was displaeqdally often, to the left or the right of the aatHere, in all
non-match trials, the number was in front of himt bot to the side indicated by the cue. For atiditions, we

also varied evenly the non-experimental factohefiumeral that was presented.

In summary, for Visual | and Spatial I, experimém@nditions were identical, other than the probe
used and the instructions given. For example inalis a participant would respond that the avataid indeed
see the numeral, whilst an equivalent Spatiahl tfrad the participant respond that the numeralimgeed in
front of the avatar. The match trials (those ineldiéh the final analysis) differed from this foetWisual Il and
Spatial Il conditions, in that the numeral was afsvan front of the avatar (for Visual Il, this igpae-requisite for
judginghowthe numeral is seen). Match trials in Visual Il &phtial 1l only differed on two dimensions:
Firstly the cue given either related to a directiora number and secondly for Spatial 1l the nuineees
displaced to the left or to the right to allow foe appropriate judgement. Conditions thus diffevely on

aspects that were central to the specific perspetaiking ability itself.
Results

Only responses in which the cue and the picturemeat were analysed, i.e. those trials in which the
participant pressed a button to indicate “yes”.eehparticipants who failed to perform above chamers
excluded; these were all in the condition Spatiahid all had a pattern of performance consistettit ignoring
the cue and clicking the mouse button directlytegldo the side on which the numeral appearediddsitivere
excluded from the analysis of Response Times obdlés of being more than 2.5 standard deviatiosg/a

from the mean response time (2.81%-3.65% acrodetineonditions), as were incorrect responses.

Thetype specificity hypothegmedicts an interaction between Type and Anglerasenting a
significant linear effect of Angle, but only for \el-2 type perspective-taking. Thentent specificithypothesis
predicts an interaction between Content and Angleresenting a significant linear effect of Anddet only for

Spatial perspective-taking.

A 4x2x2x2* ANOVA on response times with Angle (8Q°, 120°, 180°) and Distance (Near, Far) as
within subjects factors and Content (Visual, Spatiad Type (Level-1 type, Level-2 type) as betweahjects
factors revealed a main effect of Distaried,, 64) = 7.21p = .009,5p?= .107, with shorter avatar-object

distances processed more quickly. There was atsaim effect of AngleF(3, 64) = 22.00p < .001,;p* = .268,
12



which represented a linear treft3, 64) = 53.87p < .001,7p° = .473, such that larger angles were responded
to more slowly. The between subjects factors, Guraad Type also affected response times. Visulgjgments
were processed more quickly than Spatial judgemefits 64) = 8.96p = .004,3p* = .130. Level-1 type

judgements were processed more quickly than Lewgp&, F(1, 64) = 7.70p = .007 ;p° = .110.

Central to our hypotheses were the interactionsdet Angle and Content and Angle and Type. In
favour of thetype-specificity hypothesithere was a significant interaction between Aragld TypeF(3, 64) =
17.93,p < .001,7p? = .230. For Level-1 type, there was no main eftécngle, F(3, 64) = .340p = .797,4p° =
.034,. For Level-2 type, there was a signific&i(8, 64) = 17.73p < .001,7p” = .647, and lineai5(3, 64) =
61.10,p < .001,7p? = .671, effect of Angle. Contrary to ti®ntent specificity hypothesifie interaction
between Angle and Conteii(3, 64) = 1.19p = .314,7p” = .019 was not significant. Effects of Angle were

independent of whether the judgement was visuapatial.

There was a significant Content by Type interactig(, 64) = 38.04p < .001,7p? = .39Q resulting
from participants performing more quickly for thpaial variant of Level-1 type perspective-takit{@b) =
4.13,p < .001, and conversely performing better for the Visualasatrof Level-2 type perspective-takirtfl5)

=4.96,p < .001. No further interactions were significafg< 1.12, ps> .295.

Error rates across conditions were generally ladvrit contradict the findings from response times.

Full details of the analysis of errors are includeéppendix A.

The omnibus analysis of Response Times clearlyestgdhat judging how someone sees something
and judging whether something is to someone’solefight require a rotation to align the positidrthoe
participant and the avatar, for response timesassd with angular disparity. On the other hardhipg if
someone sees something and judging whether itfisiih of them do not require rotation, for thepesse times
do not increase with angular disparity. The eftddDistance was somewhat more difficult to intetpi here

were no interactions between Distance and Typelastance and Content. This suggests either thatdfrsight

* In both experiments, all statistics are GreenlkeGgisser corrected to guard against violatiorspbéricity.
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is calculated in all conditions, or that Distantfeeted speed and accuracy for a reason otherthigan

recruitment of a line of sight process (see disounds

Alongside our main investigations of processingtsigies employed, we also identified gross
differences between the four conditions. For Ieivéfpe perspective-taking, performance was battéhne
spatial condition, for level-2 type perspectiveitak performance was better in the visual conditibimat level-1
visual perspective-taking was found to be partidyldifficult was surprising, as authors have sugigd the

basic calculation of such perspectives (thougherpticit judgements about them) to be automatien(8a et

al., 2010).
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Figure 3. Response times and error proportionedgh of the four conditions of Experiment 1. Etvars

represent the standard error of the mean.

EXPERIMENT 2

In Experiment 1, participants responded as to wdredipreceding cue correctly described the picture
presented. This has the advantage of meaning dntitipants basic responses, “yes” or “no”, wereaned

across the four conditions. Furthermore, it mehat tnly a single response type, associated witk™was
actually analysed for each participant. On the otlaed this also has two disadvantages. Firstlyr@sents a
pre-conceived idea of the stimulus that is to felloneaning participants may try and match the pécta this
pre-conceived representation. This leads to thsiplesinterpretation that rotational effects onele2 visual
perspective-taking may be the result of a discrepdetween the expected and actual picture. Segowdl
considered it possible that level-1 visual pergpediking had been rendered artificially difficbly having to
process double negations, such as deciding thatithelus is not “not seen” by the avatar. To addthis, in
Experiment 2, participants pressed one of two keydentify the avatar’s perspective. Also in Expent 2 we

varied type of perspective-taking within participahhis provides a stronger test of the independ&ifcthe
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processing features of the two types. Firstlyvestigates whether the very same participants wshubav
differing performance patterns for different typ8scondly it tests whether our effects are roluthé context

of previously having completed the other type akpective-taking.
Method
Participants

Participants were 32 undergraduate students (1&)rfraim the University catholique de Louvain,
Belgium. They all participated in the study in eange for a small honorarium of 8 Euros. Participduatd an

average age of 21.70 years (Range 18-25).
Stimuli and procedure

Stimuli used were a subset of those used in Ex@arirh, those including the numbers 6 and 9, but not
the numbers 4 and 7. Participants were pseudo-nalydtivided into two groups Visual or Spatial: For
experiment 2, we ensured that male and femalecjzatits were equally divided across groups (as|&eé&s
Wang, 2012, previously found differences betweardges in processing style). Participants were iics¢d that
they were to perform a perspective-taking tasklctvthey were going to make judgments based dungic
stimuli. Participants completed level-1 type ordkf type perspective-taking in a counterbalanaeemo After
brief instructions, for each level, they complel&dpractice trials, followed by 128 experimentéals. On each
trial, they saw a fixation cross followed by a piet. For each picture, one of two responses wesljesLevel-
1 Visual (seen, unseen), Level-2 Visual (six, nin@)el-1 type Spatial (in front, behind), Levetype Spatial
(left of, right of). Note that, unlike for Experimel, here we were able to analyse all trials,aathan just “yes”
responses. Participants responded by pressingptbe down arrow key to each trial. The key usedefach

response was counterbalanced across participants.
Results.

A 4x2x2x2 ANOVA on Response Times was completedh Wibgle (0°, 60°, 120°, 180°), Distance
(Near, Far) and Type (Level-1 type, Level-2 tyme) within subjects factors and Content (Visual tidhaas a
between subjects factor. There was a main effedngte, F(3, 32)= 57.02,p < .001,;p* = .655 this
represented a linear trerfé(3, 32)= 99.69,p < .001,7p? = .769, such that larger angles were respondette

slowly. As in Experiment 1, Level-2 type judgemewere computed more slowli(1, 32)= 59.32 p <.001,
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np? = .664, but here there was only a trend for agcefdf Distancef(1, 32)= 3.02,p = .093,7p° = .093. As in
Experiment 1, visual judgements were completed marekly than spatial judgements(1, 32)= 57.02,p <

.001,7p? = .655.

Central to our hypotheses were the interactionsdet Angle and Content and Angle and Type (See
figure 5). In favour of théype-specificity hypothesithere was a significant interaction between Aragld
Type,F(3, 32)= 47.90,p < .001,5p* = .615. For Level-1 type, there was a main eftéaingle F(3, 32)= 6.22,
p=.001,7p? = .172, but this was non-lined#(3, 32)= 2.16,p = .151,p* = .067, with participants performing
best at 60° and 120°. For Level-2 type, there avaignificant=(3, 32)= 60.35,p < .001,;p? = .668, and linear,
F(3, 32)= 114.07p < .001,4p? = .792, effect of Angle. Contrary to ti®ntent specificity hypothesifie
interaction between Content and Angle was not Sigmit, F(3, 32)= 2.15,p = .121,4p* = .067. Effects of

Angle were independent of whether the judgementwigasal or spatial.

Again, as in Experiment 1, there was a significaontent by Type interactiofr(1, 64) = 21.87p <
.001,,p* = .422, resulting from participants performing mauickly for the Spatial variant of Level-1 type
perspective-taking(15) = 2.35p = .027, and conversely performing better for the Visualasairof Level-2

type perspective-taking(15) = 2.90p = .009. No other interactions were significant<Fk53, ps> .215.

Error rates across conditions were generally lod@id not contradict the findings from response

times. Full details of the analysis of errors ar@uded in Appendix A.

Results matched the central findings of Experiniewe found the influence of Angle to be centrally
linked to Type of perspective-taking. There waggaificant interaction between Type and Angle,
demonstrating that level-2 type judgements weresglity affected by the angular disparity betweensti€and
other, whilst level-1 type judgements were not.sTduggests that the results were not the effectadéhing
pictures to pre-defined cues. Similarly, we agaimnid participants to be slower in the visual varirevel-1
type perspective-taking than the spatial variarpeEiment 2 also ruled out that any effects wereetr by

gender.
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Discussion
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In two experiments, adult participants made judg#siabout the perspective of an avatar in onewf fo
conditions. Analysis of their response times armlieacy revealed two distinct processing strate@ie® of
these strategies involved mentally rotating th@ingosition to align it with that of the avatar. @fhjudging
what numeral the avatar could see and when judgimegher it was to his left or to his right, thefididilty of the
task increased as the angular disparity betweepatieipant and the avatar increased. This washeotase for
the other two kinds of perspective-taking we tesWtien participants judged if the avatar couldteeenumeral
and when they judged if it was in front of or behlim, angle did not impact on judgements. Thasdirfigs fit
most closely with outype specificity hypothesim that it was the type of perspective-takinyélel type/level-
2 type) which was shown to relate to perspectik@tastrategy, rather than whether the judgemeist ofa

visual, or a spatial perspective.

Visual perspective-taking

For over 50 years, researchers in developmentahpéygy have considered children’s ability to
understand the visual perceptions of others to laadmark ability (Piaget & Inhelder, 1956; Flavetlal., 1981;
Masangkay et al, 1984). Here we provide furthedente as to the computational processes involvethinre
visual perspective-taking. We support the findingMichelon & Zacks (2006; Kessler & Thomson, 201igt
judging whether or not someone sees a given obfeest not require us to mentally rotate to theiitfms It was
not systematically more difficult to judge if sonm=osees an object if their view on the world ipldised from
ours by a greater angle. That is not to say thataamnot, in principle, judge level-1 visual petpes in this
way, but rather this is not what participants didrganeously on the current tasks. Here, critically undertook
an equivalent investigation of the processes irehwhen we calculateowanother person sees an object. For
these level-2 judgements, we provide the first enad that when we calculate how someone sees someté
may use a process of mental rotation. Further rekés needed to be certain that this rotationatess involves
mentally transformingur ownegocentric position, but previous research sugggttis to be the case for
left/right judgements (Kessler & Thomson, 2010; #les& Rutherford, 2010) would, at the very leasiggest

this as a good working hypothesis.

Spatial perspective-taking
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As for visual perspective-taking, we found evidetiwa spatial perspective judgements can be made by
one of two computational processes. Different psees were employed, depending on the axes abocih Wie
judgement was made. Again, in our directly complerabndition, we support the findings of MichelonZacks
(2006; Kessler & Thomson, 2010; Kozhevnikov & HagaP001). Specifically, when we have to judge wieet
something is located to someone’s left or right,find evidence that this requires an egocentrictaientation.
On the other hand, when we make what seem to hasjodgements, of whether something is in front o
behind someone, we don’t do so. One possible eaptanof this is that wenly mentally rotate ourselves to the
target’s position when discriminating the relevdinection is difficult. In the case of judging whet something
is in front or behind someone this discriminatibiogld be relatively easy as we have many cues, nuably
someone’s face, to distinguish their front. In ¢ase of judging whether something is to the letherright of
someone this is often more difficult as these agst exist in the same way because the human sody
typically symmetrical on the left-right dimensidn.these difficult discrimination tasks, we addp strategy of

rotating our own position and using our knowled§ewr own body schema.

Comparing Visual and Spatial perspective-takingogasses.

Visual and spatial perspective-taking have ofteenbeonsidered quite separately. The main aim of the
present work was to examine commonalities and rdiffees between the two. Our findings from bothalisund
spatial perspective-taking run contrary to toatent hypothesigor neither visual nor spatial content was there
a consistent process used across level-1 and 2eyples of judgement. Instead, consistent withtype
hypothesiswe found similarity of processing across visua apatial judgementsludgements of whether an
object was in front or behind of someone or whetherperson saw the object or not did not varyesystically
with the angle between the perspective-taker agid thrget. This suggests that for these judgenmedple do
not mentally rotate themselves to the positiorhefrttarget. This leads to the obvious questiowloéther these
processes are in fact the same. There are reasbescautious in concluding this. Firstly, from aiata alone,
there was evidence that the visual perspectivegjodmts were more difficult than the spatial perspec
judgements. Experiment 2 ruled out the possjtitiat this was merely the result of having to ps®cues
involving a double negation. It is still not cldawwever, why level-1 visual perspective judgemevdse found
to be more difficult. Most likely is that it is thesult of cues to bodily orientation being strani@an cues to eye
direction, in our stimuli at least. Further invgstiion may look to vary these factors independently
Alternatively, whilst Experiment 2 did not includees, it still retained the concepts seen/unseéchwhay
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require more processing than in front and behindecond reason to be cautious is that the comlina
between these visual and spatial judgements mayebesult of participants paying attention to amcues
across the two tasks, specifically cues to theaa\gagyes and his front. In our experiment, thesadirectly
yoked to one another. This is not, however, alwhgscase in the real world. The direct associdietmveen an
object being in front of someone and visible bynthean be broken by a person rotating their headosing

their eyes or by a second object being locateddsstva person and the target object.

We also showed similarities in processing betweeel-2 visual perspective judgements and
judgements of whether an object was to the lefherright of someone. In both cases, participaetfopmed in
a way that was consistent with mentally rotatinghi® position of the avatar. This part of the pesclr the two
operations seems to be equivalent. On the othet, lzayain, there was a difference in absolute difific with
spatial judgements being more difficult than visualgements. This is consistent with the idea dgatcentric
transformation is necessary, but not sufficienttf@se kinds of perspective-taking. That this lond
perspective-taking involves an egocentric transédiom is consistent with the idea that perspediaking is a
simulative process (Goldman, 2006). If this is¢hse, perspective-taking should not only be relaigte
difficulty of assuming the other’s position, busalto the difficulty of completing the task for e#. This
suggests that judging whether an object is todfiel to the right of someone may be more diffithin
judging how something looks to someone becausearjgdfisomething is to one’s own left or right iore

difficult than judging how something looks from émewn position.

While three conditions used identical stimuli, gtienuli for the Spatial 1l condition differed. Wuld
not use the same stimuli from the other condit@n@ these the object was neither to the leftimeright of the
avatar. The only way to fully equate stimuli acrossaditions would have involved the avatar not iagk
directly at the object, or looking contrary to bisdy angle. It was felt that such a circumstanaghtntause
confusion, particularly in judging the front of seome whose legs face one direction, but looks atheam. It
seems highly unlikely that unique features of tpattl Il stimuli were responsible for the strategyotation,
for rotation was also evidenced in the Visual lhdition. As already noted, however, level-1-typelpems do
not preclude a mental rotation strategy, and I@vilpe problems do not necessitate the strateglyoNg may
the spatial requirements of many level-2 tasksabees with geometric transforms other than rotatiout in
principle the level-2 distinction admits of differees of perspective between people with the venesspatial
point of view, as when a person with normal vissees an object as “in focus” whereas someone miplaired
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vision might see it as “blurry”. What the presentfngs do indicate is that on highly similar tagk&as level-1

or level-2typethat seemed to dictate the basic features oftthtegy, rather than visual or spataitent.

Whilst our most informative effects were relatecatmular disparity, we also found an effect of
distance between the other person and the obj&otgeriment 1 (and a trend in Experiment 2). Tlficsot was
independent of whether the content of the judgemaistvisual or spatial and of the type of judgenteat had
to be made. One suggestion is that some form efdfrsight/body is required for all these judgersent
(Michelon & Zacks, 2006; Kessler & Thomson, 201®econd suggestion is that this difference inicliffy is
really more due to the distance across which we sustain our visual attention to connect the O#met the
Object (Carlson & Van Deman, 2004; Michelon & Zack806). Our results do not distinguish betweesehe

hypotheses.

The difficulty of defining perspective-taking.

Earlier, we defined perspective-taking in terma adirget other’s relationship with an object. Shayvi
similarities across different contents of repreagon, spatial and visual, is informative about coomalities in
processing strategies. What should be apparett,ivaur minimal definition and through our resultsthat
these processes are not specific to representngekvs of other people. One might predict simfiladings for
judging if something were “in front of” a car fargtance. This does not entail that there are rimdiive
processes involved in attributing a representatipeespective to another person, and of courseavis
perspective-taking must take into account factachss occlusion through a blind-fold or by a karnwhilst
this is not necessarily the case for spatial petspetaking. However, it is also apparent that ynprocesses for
perspective-taking or Theory of Mind may be achibwéth only a minimal, cognitive architecture tlites not
involve ascribing mental states as such (ApperBw&terfill, 2009; Butterfill & Apperly, 2013). Sinfrly,
recent, broader definitions of the notion of pective suggest a commonality across mental and nemiath
contents for tasks that require some form of repregion or reference (Perner, Mauer & Hildebr&i,1).
Thus, by highlighting important commonalities beénevisual and spatial perspective-taking, the citrre
findings suggest that the project of identifyingqesses that are actually distinctive for one beotype is an

important direction for future work.

Conclusion.
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Judgments about where things are located in rel&didomeone and how they see things share many
superficial similarities. Here we tested the hyjesth that they will also show similarities in thengoutational
processes they engage. There are two routes tovisoidd and spatial perspectives, only one of winédfuires
an egocentric body transformation. When asked atheuappearance of an object to someone else dharhe
the object is located to their left or their rigbtir evidence suggests that we mentally rotatestues to their
position before making a judgement. When asked talvhather an object is in front of someone or whethey
can see an object, we do not do this. What seems likely is that we directly identify the relatisinip between
the person’s front or eyes and the object. Furtbeerrit is possible that visual perspective-takielies on basic
spatial perspective-taking processes as a foungdiid sometimes requires more complex procesgign

and how this processing occurs should be a foausifther investigation.
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Appendix A. Analyses of error rates in Experimeh&nd 2.

Experiment 1
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A 4x2x2x2 ANOVA with Angle (0°, 60°, 120°, 180°) dDistance (Near, Far) as within subjects facto a
Content (Visual, Spatial) and Type (Level-1 typeyel-2 type) as between subjects factors was caetpt
Error proportion (detailed in Table A). Rates of@amcy across all conditions were high. We onlestigated
hypothesis driven effects on accuracy to avoidigieof making Type | errors (Barr, 2008), thisoaits for the
investigation of any trade-offs between speed aedracy without relying on post hoc interpretatiofise main
effect of Angle was somewhat hard to interprethwiata showing a quadratic, rather than linearidigion.
Neither the Angle x Type interaction, nor the Angl€ontent interaction reached significance, sutogshat
the findings of the Response time analysis werdgh®tesult of differing trade-offs between speed accuracy

across conditions.

Experiment 2

A 4x2x2x2 ANOVA was completed with Angle (0°, 6020°, 180°), Distance (Near, Far) and Type (Level-1
type, Level-2 type) as within subjects factors @ushtent (Visual, Spatial) as a between subject®fathe
results are presented in Table A. Rates of accuaamss all conditions were high. In support of aalysis of
response times, there was a linear effect of Aagteéan interaction between Angle and Type detaditigear
effect for Level-2 type, but not for Level-1 typkgain, the Angle by Content interaction was nongigant.

Table A. Analyses of Accuracy in Experiments 1 @ndll statistics are Greenhouse-Geisser corretciggiard
against violations of sphericity.

dF F p np’
EXPERIMENT 1
Angle 3 2.97 .044 .047

Linear 3 1.60 211 .078

Distance 1 454 .503 .008
Content 1 11.33 .001 .159
Type 1 172 .680 .003
Angle x Type 3 .733 .509 .012
Angle x Content 3 .183 .875 .003
Angle x Distance 3 .733 .509 .012
Distance x Type 1 2.13 15 .034
Distance x Content 1 1.53 222 .025
Content x Type 1 8.18 .006 120

3 AT7 .682 .007
Angle x Content x Type
Angle x Content x Distance 3 1.22 .304 .02
Angle x Distance x Type 3 2.054 114 .033
Distance x Content x Type 1 3.23 .078 .051
Angle x Content x Type x Distance 3 3.12 .032 .049
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Level-1 type

Angle 3 1.68 .196 .053
Linear 3 .023 .881 .001
Level-2 type

Angle 3 2.01 128 .063
Linear 3 2.61 116 .080

EXPERIMENT 2

Angle 3 9.21 .005 .235
Linear 3 18.70 <.001 .384
Distance 1 .638 431 .021
Content 1 17.41 <.001 .367
Type 1 9.21 .005 .235
Angle x Type 3 10.69 <.001 .263
Angle x Content 3 2.78 077 .085
Angle x Distance 3 4.71 .005 .136
Distance x Type 1 3.55 .069 .106
Distance x Content 1 0 1.00 0
Content x Type 1 13.75 .001 314
Angle x Content x Type 3 2.85 .054 .087
Angle x Content x Distance 3 2.06 114 .064
Angle x Distance x Type 3 1.58 213 .050
Distance x Content x Type 1 5.87 .022 164
Angle x Content x Type x Distance 3 3.878 .023 114

Level-1 type

Angle 3 2.11 122 .066

Linear 3 .685 415 .022

Level-2 type

Angle 3 14.67 <.001 .328

Linear 3 24.97 <.001 454

t-tests to assess separately the effect of Coatezdch level

df t p
EXPERIMENT 1
Level-1 Type
Content 15 911 725
Level-2 type
Content 15 4.45 <.001 Visual < Spatial

EXPERIMENT 2

Level-1 Type
Content 15 1.18 .246
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Level-2 type
Content

15

4.31

<.001

Visual < Spatial
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