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Abstract
Previous studies have shown that users spontaneously take the position of a virtual avatar and
solve spatial tasks from avatar’s perspective. The common impression is that users develop a
spatial representation that allows them to “see” the world through the eyes of the avatar, that
is, from its virtual perspective. In the present paper, this perspective taking assumption is
compared with a referential coding assumption that allows the users to act on the basis of
changed reference points. Using a spatial compatibility task, Experiment 1 demonstrated that
the visual perspective of the avatar was not the determining factor for taking avatar’s spatial
position, but that its hand position (as the reference point) was decisive for the spatial coding
of objects. Experiment 2 showed, however, if the participant’s hand posture was not
corresponding with the avatar’s hand postures, the spatial referencing by avatar’s hands
expired, thereby demonstrating the limits of referential coding. Still, the present findings
indicated that referential coding may be at the base when taking avatar’s perspective.
Accordingly, any study in perspective taking needs to consider and evaluate possible
mechanisms of referential coding.
Keywords: visual perspective taking, referential coding, spatial SR compatibility, avatar
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Public Significance Statement
The paper investigates the mechanisms which allow participants to take the spatial
perspective of others, operationalized as their virtual avatar. The own knowledge about the
perspective of another person is decisive in many forms of social interactions. Likewise,
factors which determine spatial perception and action are of relevance to many scientists in
cognitive psychology, informatics and robotics. Our experiments show that the presence of a
virtual avatar has a regular influence on spatial compatibility relations. Knowledge of such
spatial relations is equally important for applied scientists with interests in human factors.
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Seeing the World through the Eyes of an Avatar?
Comparing Perspective Taking and Referential Coding
In social interactions it is necessary to understand how aspects of the world appear to
others. For a long time, mechanisms have been assumed which make it possible to take the
other person’s spatial perspective (e.g. Flavell, Everett, Croft, & Flavell, 1981; Tversky &
Hard, 2009). Similar to how humans seem to be able to put themselves in the perspective of
others they take the position of a virtual avatar (Samson, Apperly, Braithwaite, Andrews, &
Bodley Scott, 2010; Surtees, Apperly, & Samson, 2013; Furlanetto, Becchio, Samson, &
Apperly, 2016; Cavallo, Ansuini, Capozzi, Tversky, & Becchio, 2017). For example, it has
been shown recently that the presentation of an avatar on the opposite side of the participant
causes a remapping of spatial relation to an object when left-right decisions are made (Cavallo
et al., 2017).
Changes in own behavioral tendencies by the presence of (virtual) others have been
considered to reflect a spatial perspective taking mechanism. Generally perspective taking is
the ability to mentally rotate oneself in the position of another person (Flavell et al., 1981).
Evidences for the existence of perspective taking are reported for the perspective adopted by
the user towards virtual avatars or stick figures (Jancyk, 2013; Franz, Sebastian, Hust, &
Norris, 2008; Samson et al., 2010) and human confederates (Freundlieb, Kovács, & Sebanz,
2016; Freundlieb, Sebanz, & Kovács, 2017).
Further, findings associated with perspective taking have been interpreted as a sign of
a mechanism by which humans are able to spontaneously mentalize the spatial perspective of
another and to ‘see’ the world through that person's eyes. This automatic processing of
another’s visual perspective is assumed as part of a broader ability to implicitly mentalize
what another person is experiencing (see Heyes, 2014 for review and critical discussion). The
strongest empirical evidence for the existence of an implicit adoption of another’s visual
perspective are findings showing that the own response tendencies of the participant towards
an object are only changed by an avatar or by a human if the other has visual access to the
scenario (Furlanetto et al., 2016; Freundlieb et al., 2017). The latter study showed that leftright coding of objects relative to the spatial perspective of a human task-partner was only
adopted by the participant when the task partner saw the objects. But no changes in response
tendencies of the participant were observed when the task partner wore a blindfold
(Freundlieb et al., 2017).
In contrast, Quesque, Chabanat, and Rossetti (2018) reported that participants
spontaneously encoded ambiguous digits (6 and 9) from the perspective of the other person
sitting opposite them and not from their own position, even if the other person wore a
blindfold and thus, had no visual access to the stimuli. In line with this observation, an
increasing number of investigations is questioning the existence of a specific mechanism to
process the visual perspective of another (virtual) person (Conway, Lee, Ojaghi, Catmur, &
Bird, 2017; Santiesteban, Catmur, Hopkins, Bird, & Heyes, 2014). Thus, questions remain
regarding which underlying mechanisms are responsible for incorporating the spatial
perspective of other persons into our own actions.
The avatar-Simon task
Especially when avatars carry out one’s own actions it is necessary to consider their
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spatial position. A series of recent experiments (Müsseler, Ruhland, & Böffel, 2019; Böffel &
Müsseler, 2018, 2019a, b) showed that participants spontaneously included the spatial
position of an avatar in their behavioral tendencies when solving spatial compatibility tasks.
Generally, spatial stimulus-response compatibility (SR compatibility) describes the
phenomenon that corresponding stimulus and response positions lead to better performance
than non-corresponding conditions. For instance, left and right responses to stimuli on the
same side of the own body (e.g. left stimulus, left response) are performed faster and with less
errors than responses to stimuli on the other side (e.g. left stimulus, right response, see Proctor
& Vu, 2006 for an overview).
Importantly, the spatial relationship between stimuli and responses still affects
performance when the position of the stimulus is actually irrelevant to the task (Simon &
Small, 1969). If, for example, participants respond with left and right key presses to the colors
of the stimuli (e.g. a left-sided response to one color, a right-sided response to another color)
and these stimuli appear randomly to the left or right of the body’s midline, spatially
corresponding responses show better performance than spatially non-corresponding responses
(for reviews see Hommel, 2011; Lu & Proctor, 1995). The so-called Simon effect is often
explained using dual-route accounts (e.g. Hommel, 1997; Kornblum, Hasbroucq, & Osman,
1990). Accordingly, the activation of a response by the spatial position of the stimulus can
either take place automatically (via the direct route) or is determined by the SR mappings
defined by the current task instructions (the indirect route). It is assumed that the performance
losses in incompatible conditions are the result of a response conflict produced by nonmatching activations of the direct and indirect route. In compatible conditions, the SR
mappings assigned by the direct and indirect route match, resulting in faster and more
accurate reactions.
Since users and avatars with different spatial positions are expected to have different
spatial SR compatibilities to the same stimulus, the modulation of SR compatibility by an
avatar can be used to investigate the extent to which users acquires the position of their
avatar. For example, Böffel and Müsseler (2019a) showed that the perspective of an avatar is
taken by the participant even if it is irrelevant to the task (the avatar-Simon effect). In an
avatar-Simon procedure, participants typically categorize the color of a disc appearing in an
upper or lower position of the central vertical axis of a computer screen and to press left or
right response keys1. In addition, an avatar is presented on the screen, which is positioned
either on the left or on the right side of the central horizontal axis. Thereby, the avatar is
arranged in such a way that each arm is aligned with one stimulus position (avatars A and B
in the upper panel of Fig. 1; Böffel & Müsseler, 2019a, Exp. 1). In contrast to the participant,
to whose position the stimuli are orthogonally arranged, the avatar has a horizontal
perspective towards the stimuli: In conditions in which the avatar is on the left side, the upper
(lower) stimulus is on its left (right) side. When the avatar is positioned in the right position,
the lower (upper) stimulus is arranged on the left (right) side of the avatar's body center.
With this arrangement, the spatial reference frame of the avatar towards the stimuli
can be varied systematically, while the spatial reference frame of the participant (orthogonal
alignment to the stimuli) is kept constant. The result of the avatar-Simon task is that spatial
compatibility effects between the response positions of the participant and the stimulus
positions are determined by the position of the avatar (Böffel & Müsseler, 2019a). When the
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avatar’s position is on the left side (Fig. 1, avatar A) and the avatar has the upper stimulus to
its left side and the lower stimulus to its right side, participant’s responses with the left (right)
hand to upper (lower) stimuli are facilitated compared to responses with the right (left) hand
to upper (lower) stimuli. The SR compatibility effect turns in the exact opposite direction
when the avatar is in the right position (Fig. 1, avatar B). In this case, right (left) responses to
upper (lower) stimuli are facilitated compared to right (left) responses to lower (upper)
stimuli.
Böffel and Müsseler (2019a) saw the avatar-Simon effect as the tendency to
spontaneously take the perspective of the avatar. The rotated avatars (Fig. 1, upper panel)
used in this study have the stimuli on the left or right side of their visual open space. If
participants take avatar’s visual perspective, they show response tendencies that facilitate
responses on its left (right) side to stimuli in the left (right) field of vision of the avatar.
However, in the avatar scenario used by Böffel and Müsseler (2019a) the left (right)
hand of the avatar might have formed already a frame of reference to the stimuli without the
participants having to actually take the avatar’s perspective visually. If we assume that the left
hand of the avatar encodes the near stimulus as in left position and the right hand encodes the
other stimulus position as in right position, this would also create a spatial reference frame
towards the stimuli, which is independent of the visual perspective of the avatar.
That the spatial coding of objects can arise in reference to other objects is an idea
postulated by the referential coding account which was originally proposed to explain spatial
compatibility effects in the standard Simon effect (Hommel, 1993) and was recently
elaborated with regards to the joint Simon effect (Dolk, Hommel, Prinz, & Liepelt, 2013;
Dolk et al., 2014). According to the referential coding account, the basic spatial representation
develops from the actor’s perspective, which, however, contains already all spatial
relationships between objects in the visual space (cf. the visual sensory map of van der
Heijden, Müsseler & Bridgeman, 1999). As a consequence, the actor does not need to
construct a new visual representation from the other’s field of vision when taking the
perspective of another person (as is suggested by the perspective taking assumption), she or
he rather recodes the existing spatial relationships with regard to any other new reference
point. Thus, instead of ‘seeing’ the world through the avatar’s eyes, the existing spatial
positions are simply recoded.
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Figure 1. Four different avatars (A-D) used in Experiment 1 and 2 as a function of avatar’s
hand positions and avatar’s perspective. The avatars A and B “see” the stimuli (dark or
light blue discs, here light blue) to their left and right side (the other possible stimulus
position is shown as a black circle, not presented in the experiments). From the perspective
of the avatars C and D the stimuli are arranged vertically. The avatars A and C have their
left hand aligned with the upper stimulus position and their right hand aligned with the
lower stimulus position. Contrary, the right hands of the avatars B and D were aligned with
the upper stimulus position while the left hands were aligned with the lower stimulus
position. The response-button positions of the participants were horizontally arranged in
Experiment 1 (shown under each avatar). In the figure, the light blue disk calls for leftsided response and the dark blue disk (not depicted) calls for a right-sided response. This
mapping is illustrated by the coloring of the response buttons, which were not colored in
the experiments.

The present study
The question whether a perspective taking or referential coding mechanism is
responsible for the SR compatibility effects from avatar's position can be broken down to the
question whether the viewing angle or the hand positions of the avatar modulate SR
compatibility. Therefore, the present study compares two different avatar scenarios in which
the visual perspective and hand positions of the avatar are disentangled (Fig. 1). In the
following experiment we investigated whether the hand positions or the visual perspective of
the avatar form the spatial frame of reference towards the stimuli.
Therefore, we introduce a new avatar scenario in which the avatar takes a non-rotated,
orthogonal position to the stimuli positions (same visual perspective as the participants, but
different hand position, Fig. 1 lower panel). In the non-rotated avatar scenario, only the hand
position of the avatar was varied. The avatar had either its left hand in the upper stimulus
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position and its right hand in the lower position (avatar C) or its right hand in upper position
and its left hand in the lower position (avatar D). In the non-rotated avatar scenario, the visual
perspective of the avatar cannot modulate SR compatibility because it always corresponds to
the perspective of the participant. However, if the hand position of the avatar is responsible
for taking spontaneous behavioral tendencies from the position of the avatar, here quantified
as the avatar-Simon effect, we expect a modulation of SR compatibility also in the nonrotated scenario.
Experiment 1
Experiment 1 investigated if a perspective taking or a referential coding mechanism is
capable to explain the modulation of the SR compatibility effect by avatar’s position. We
compared two scenarios (Fig. 1, upper vs. lower panel) that disentangled the visual
perspective and the hand positions of the avatar, both of which may be responsible for
shaping the spatial frame of reference.
Method
Participants. Twenty-four students (3 male and 21 female2, mean [M] age of 21.75
years, standard deviation [SD] 2.55 years) participated and received course credit for
participation. The sample size was determined prior to the data collection and is equal to the
number of participants tested in our previous study (Böffel & Müsseler, 2019a; Exp. 1). All
participants reported normal or corrected to normal vision. For the reported series of
experiments all participants provided informed consent before the testing. Further, all
procedures of the study were in accordance with the ethical principles of the Declaration of
Helsinki, except for the study not being pre-registered.
Apparatus and stimuli. The experimental program was run on a Macintosh computer
using Matlab software (Mathworks) with the Psychtoolbox-3 extension (Kleiner, Brainard, &
Pelli, 2007). Stimuli were displayed on a 22” CRT monitor (Iiyama Visionmaster Pro 514,
with a resolution of 1,024 × 768 pixels at 100 Hz). Participants sat approximately 60 cm in
front of the display and responded by using their index fingers to press a left or right response
key (distance in between 13 cm). The target was a dark blue (RGB 36 115 254) or a light blue
(RGB 98 193 254) disc (Ø 50 pixel) which appeared 45 pixels above or below a centered
fixation cross in front of a grey background (RGB 231 230 230). The four different avatar
images that flanked the target in every trial are illustrated in Figure 1. The avatar was
positioned in a way that each hand was aligned with one of the two stimulus positions.
Procedure. The experiment consisted of four parts in each of which one of the four
different avatars A to D was continuously presented. Participants were instructed to
categorize light and dark blue discs by pressing a left or the right key. They were instructed to
take the avatar's perspective and control the avatar with quick and accurate responses. Every
part of the experiment consisted of nine blocks with twenty trials each, whereby the first
block of every part was considered as practice and excluded from the analysis. In every block
both target positions and target colors were repeated five times and the trials were presented
in random order. The order within and between both rotated and non-rotated conditions as
well as the color to key mapping was counterbalanced across participants.
During each block the avatar and fixation cross were continuously displayed. Every
trial started with the presentation of the target which remained visible until any response was
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made. After a response, the next trial started after an interval of 1,500 ms. When an erroneous
response was made or the response interval was lower than 100 ms or exceeded 1,500 ms, a
beep feedback was given (two beeps with a frequency of 720 Hz with a duration of 50 ms
each and separated by 50 ms). However, the time feedback was implemented solely to
improve and speed up participants’ responses. After the feedback, the next trial started with
an additional delay of 1,500 ms. Participants were tested in one single session which took
approximately 60 minutes.
Design. The factors avatar’s perspective (left/right rotated or non-rotated), avatar’s
hand position (left hand in upper position or right hand in upper position), response position
of the participant (left or right keypress to the corresponding color of the disc) and stimulus
position (upper or lower position) were included in the analysis and formed a 2x2x2x2
within-subject design. The dependent variables were reaction times (RT) and percentages of
errors (PE).
Results
The focus of the analysis was to examine whether the visual perspective of the avatar
(perspective taking) or its hand posture (referential coding) is responsible for shaping the
spatial frame of reference from avatar’s position.
Data treatment. Errors were defined as wrong keypresses (2.3 % in total). Error
probabilities were arcsine-transformed for inferential statistical analyses with regard to Kirk
(1996, p. 106). However, for an easier interpretation untransformed error rates are reported in
the figures and in the main text. For RT analysis, only correct responses were considered.
Further, individual RT outliers were identified for each participant and each cell of the
experimental design by applying Tukey’s criterion (i.e., RTs 1.5 times the interquartile range
below the first quartile or above the third quartile; Tukey, 1977) and omitted from each
individual’s RT distribution. This resulted in an exclusion of 4.5% of all trials. Mean RT and
PE were submitted separately to two repeated-measures analysis of variance (ANOVAs). We
calculated post-hoc pairwise comparisons for all differences relevant to our hypotheses (ttests, two-tailed).
Reaction times. A main effect of avatar’s hand position was observed, F(1, 23) =
6.79, p = .016, ηp2 = .23, reflecting faster RT for trials in which avatar’s left hand was in
upper stimulus position compared to when its right hand was in upper position (434 vs. 441
ms, cf. Fig. 2). Further, there was an interaction between avatar’s perspective and the stimulus
position, F(1, 23) = 4.83, p = .038, ηp2 = .17. When the avatar was unrotated, responses were
faster to upper than to lower stimuli (440 vs. 442 ms). However, when the avatar was rotated
responses were slower to upper than to lower stimuli (436 vs. 432 ms). Also, the stimulus
position and avatar’s hand position interacted, F(1, 23) = 5.42, p = .029, ηp2 = .19. When the
avatar had its left hand in upper and its right hand in lower position, responses were faster to
lower than to upper stimuli (432 vs. 436 ms). When avatar’s right hand was in upper and its
left hand in lower position, responses were slower to lower than to upper stimuli (442 vs. 440
ms).
More importantly, a three-way interaction between the factors avatar’s hand position,
response position and stimulus position was observed, F(1, 23) = 35.18, p < .001, ηp2 = .61. In
trials in which the avatar had the left hand in the upper and the right hand in lower position,
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responses to upper targets were faster with the left than with the right hand (424 vs. 448 ms,
t[23] = -4.08, p < .001). Responses to lower stimuli were faster with the right than with the
left hand (441 vs. 422 ms, t[23]= 2.24, p = .035). But when the avatar had the right hand in
upper and the left hand in lower position, responses to upper stimuli were faster with the right
than with the left hand (427 vs. 453 ms, t[23] = 3.70, p = .001) and responses to lower stimuli
were faster with the left than with the right hand (456 vs. 428 ms, t[23] = -4.92, p < .001).
The four-way interaction between the factors avatar’s perspective, avatar’s hand
position, response position and stimulus position was also significant, F(1, 23) = 6.60, p =
.017, ηp2 = .22. To further analyze this interaction, we calculated two separate ANOVAs for
both visual perspectives of the avatar (rotated vs non-rotated), which both showed significant
three-way interactions (non-rotated perspective: F[1, 23] = 46.50, p < .001, ηp2 = .67, rotated
perspective: F[1, 23] = 25.94, p < .001, ηp2 = .53). As can be seen from Figure 2, the
difference between the rotated and non-rotated avatar was only the quantitative size of the
compatibility effect determined by avatar’s corresponding hand position. The SR
compatibility effects for the rotated avatar was 19 ms on average, whereas for the non-rotated
avatar it was even 29 ms.
Percentages of errors. The analysis of PE revealed a significant interaction between
avatar’s hand position, stimulus position and response position, F(1, 23) = 9.77, p = .005, ηp2
= .30. In trials where the left hand of the avatar was aligned to the upper stimulus position and
the right hand to the lower stimulus position, responses to upper stimuli were more accurate
with the left hand than with the right hand (1.5 vs. 3.3 % errors, t[23] = -2.54, p = .018). To
lower stimuli right-sided responses were numerically more accurate than left-sided responses
(3.0 vs. 1.8 % errors, t[23] = 2.38, p = .238).
When avatar’s right hand was in upper its left hand in lower position, participants
responses to upper stimuli were numerically more accurately with the right than with the left
hand (1.3 vs. 2.7 % errors, t[23] = 1.60, p = .122). Responses to lower stimuli were more
accurate with the left hand than with the right hand (1.4 vs. 3.7 % errors, t[23] = -3.57, p =
.002).
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Figure 2. Mean reaction times (solid lines, left axis) and percentage of errors (dotted lines,
right axis) as a function of avatar’s perspective (upper panel: rotated, lower panel: nonrotated), avatar’s hand position, stimulus position and response position from Experiment 1.
The corresponding avatars (A-D) are displayed between RT and PE data points. Grey
borders next to the avatar's hands show both positions where the disc could appear.
Asterisks indicate significant pairwise comparison between right and left responses (t-tests,
two-tailed, *: p < .05, **: p < .01, ***: p < .001). Error bars show within-subject 95%
confidence intervals from normalized data (Cousineau, 2005).
Discussion
The findings are clear cut. Participants took avatar’s position and showed response
tendencies that can only be explained from the position of the virtual avatar. Thereby, the
experiment successfully replicated the study of Böffel and Müsseler (2019a) according to

Running head: SEEING THROUGH THE EYES OF AN AVATAR?

11

which SR compatibility in the rotated scenario is determined by the left and right position of
the avatar (Fig. 2, upper panel, avatars A and B).
Further, we observed a pronounced avatar-Simon effect also in the non-rotated avatar
scenarios (Fig. 2, lower panel, avatars C and D). This effect cannot originate from avatar’s
visual perspective, but only from the reference codes of avatar’s hands. Moreover, SR
compatibility effects of the non-rotated avatars were more pronounced compared to the
rotated avatars. Maybe the less pronounced compatibility effects in the rotated scenario
originated from the need for a mental rotation to take avatar’s position. The additional
mechanism could have superimposed the compatibility process and thus reduced the effect.
In sum, Experiment 1 shows the central role of the avatar's hand positions in adopting
avatar's spatial position. The assignments of upper/lower stimulus positions to left/right
response positions were indicated by the avatar's hand positions, which the participants
adopted. Experiment 2 should clarify how non-corresponding hand positions between avatar
and participant affected the results.
Experiment 2a and 2b
Experiment 2 investigated whether differences in the spatial hand positions of
participant and avatar have an influence on the spatial reference coding. The question is
whether participants could completely neglect their own proximal hand positions in favor of
the distal avatar’s hands. We created conditions in which participants’ and avatars’ hand
postures were corresponding or non-corresponding. To achieve this, the response keys were
arranged vertically (Figure 3). Now the hand postures of the avatar and the participant can
correspond (e.g. both left hands in the upper position and both right hands in the lower
position) or not (e.g. avatars left but participants right hand in upper [lower] position and vice
versa). As in Experiment 1, we expected pronounced compatibility effects when the hand
positions of the avatar and the participant correspond.
The situation is more complicated if the hand postures of avatar and participant do not
match. In this case, participant’s proximal left (right) hand in the upper (lower) position
controlled avatar’s distal left (right) hand in the lower (upper) position. Maybe the left (right)
code is weakened by the contradictory proximal and distal coding. Another possibility is that
the non-matching hand postures increase the tendency to ignore the avatar. In any case, when
the hand postures of the participant and avatar do not match (non-corresponding condition), a
reduction or even an elimination of the avatar-Simon effect was predicted.
Two parallel experiments were carried out. In Experiment 2a, the participants had
their left hand on the upper response key and their right hand on the lower response key. In
Experiment 2b it was the other way around.
Method
Participants. A new sample of 48 students (8 male and 40 female, M age of 21.44
years, SD 2.67 years) participated in the experiments for course credits. All participants
reported normal or corrected to normal vision. Participants were assigned randomly to two
equally sized groups who participated in Experiment 2a (4 male and 20 female, M age of
22.17 years, SD 2.76 years) or Experiment 2b (4 male and 20 female, M age of 20.71 years,
SD 2.42 years).
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Procedure. Unlike Experiment 1 we arranged the response board vertically in
Experiment 2 (Fig. 3, middle and right). In Experiment 2a participants responded with their
left hand in the upper response position and with their right hand in the lower position (Fig. 3,
middle). This corresponds to the hand position of avatars A and C and is opposite to the hand
position of avatars B and D. In Experiment 2b participants responded with their left hand in
lower position and their right hand in upper position (Fig. 3, right) what corresponds with the
hand position of avatars B and D. Participants were instructed to respond the light (dark) blue
disc with the left (right) hand, again the mapping was balanced between the participants. The
experimental program used in Experiment 2a and b was identical to Experiment 1, only the
response positions were arranged vertically and varied between Experiment 2a and 2b with
regard to the hand positions as illustrated in Figure 3. The lower key was placed 18 cm and
the upper key was placed 31 cm from participant’s seating position.

Experiment 1

Experiment 2a

Experiment 2b

Figure 3. Response positions of participant’s hands in Experiment 1, 2a and 2b.
Design and data treatment. ANOVAs were calculated for Experiment 2a and b
separately, including the factors avatar’s perspective (rotated or non-rotated), avatar’s hand
position (left or right hand in upper position), response position of the participant (upper or
lower position) and stimulus position (upper or lower position). In each experiment the
factors formed a 2x2x2x2 within-subject design with RT and PE as dependent variables.
Again, we calculated post-hoc pairwise comparisons for all differences relevant to our
hypotheses (t-tests, two-tailed). The data were pre-processed the same way as in Experiment
1. In 2.7 % of the trials in Experiment 2a and 2.2 % of trials in Experiment 2b an erroneous
response was given. 4.7 % of RTs were additionally excluded from the analysis in
Experiment 2a (4.6 % in Experiment 2b) as they failed Tukey’s criterion (Tukey, 1977).
Results of Experiment 2a
As in Experiment 2a results showed neither a main effect nor an interaction with the
factor avatar’s perspective (rotated or non-rotated), RT and PE were collapsed across this
factor in Figure 4.
Reaction times. An interaction between response position and stimulus position was
observed with F(1, 23) = 62.00, p < .001, ηp2 = .73. Participants responded faster to upper
stimuli with the left than with the right hand (424 vs. 453 ms). Responses to lower stimuli
were faster with the right than the left hand (443 vs. 427 ms).
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The predicted interaction between the factors avatar’s hand position, stimulus position
and response position was significant with F(1, 23) = 16.76, p < .001, ηp2 = .42. When the
hand postures of the participant and the avatar corresponded (left hand in upper and right
hand in lower position, Fig. 4 left panels), responses with the left hand to upper stimuli were
faster than responses with the right hand (421 vs. 461 ms, t[23] = - 6.81, p < .001) while
responses to lower stimuli were faster with the right hand than with the left hand (448 vs. 420
ms, t[23] = 4.31, p < .001). For avatars holding their right hand in upper and their left hand in
lower position (non-corresponding postures, Fig. 4, right panels) responses to upper stimuli
were faster with the left than with the right hand (428 vs. 445 ms, t[23] = - 2.67, p = .014).
For responses to lower stimuli, there was no significant difference between responses with the
left and right hand (433 vs. 438 ms, t[23] = .70, p = .490).
Percentages of errors. The interaction of stimulus position and response position was
significant, F(1, 23) = 24.17, p < .001 , ηp2 = .51. Responses to upper stimuli were more
accurate with the left than with the right hand (1.9 vs. 3.4 % errors) while responses to lower
stimuli were more accurate with the right than with the left hand (3.6 vs. 1.9 % errors).
The interaction between avatar’s hand position, stimulus position and response
position was observed, F(1, 23) = 8.48, p = .008, ηp2 = .27. In conditions where avatar’s left
hand was aligned with the upper and the right hand with lower position (corresponding hand
postures), responses to upper stimuli were more accurate with the left than with the right hand
(1.7 vs. 4.0 % errors, t[23] = -3.78, p = .001). Responses to lower stimuli were more accurate
with the right than with the left hand (3.4 vs. 1.4 % errors, t[23] = 3.98, p = .001). When
avatar’s right hand was in upper position (non-corresponding hand postures) there was neither
a significant difference between responses with the left and right hand for upper stimuli (2.1
vs. 2.92 % errors, t[23] = -1.34, p = .195) nor for lower stimuli (3.7 vs. 3.0 % errors, t[23] =
1.57, p = .129).
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Participant’s and Avatar’s Hand Postures
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Figure 4. Mean reaction times (solid lines, left axis) and percentages of errors (dotted lines,
right axis) as a function of avatar’s hand position, stimulus position and response position
from Experiment 2a. The hand postures of the participant and the avatar could correspond
(corresponding hand postures, left side of the figure) or not correspond (non-corresponding
hand postures, right side of the figure). Asterisks indicate significant pairwise comparison
between right and left responses (t-tests, two-tailed, *: p < .05, **: p < .01, ***: p < .001).
Error bars show within-subject 95% confidence intervals from normalized data (Cousineau,
2005).
Results of Experiment 2b
As in Experiment 2b results showed neither a main effect nor an interaction with the
factor avatar’s perspective (rotated or non-rotated) RT and PE were collapsed across this
factor in Figure 5.
Reaction times. We observed a main effect of response position F(1, 23) = 18.42, p <
.001, ηp2 = .45, indicating faster responses with the right than with the left hand (424 vs. 440
ms) and a main effect of stimulus position, F(1, 23) = 9.20, p = .006, ηp2 = .29, with faster
responses to upper than to lower stimuli (429 vs. 435 ms). Further, the interaction between
response position and stimulus position was significant, F(1, 23) = 72.46, p < .001, ηp2 = .76.
Responses to upper stimuli were faster with the right than with the left hand (410 vs. 449 ms)
and responses to lower stimuli were faster with the left than with the right hand (438 vs. 432
ms).
Importantly, there was an interaction between avatar’s hand position, stimulus position
and response position with F(1, 23) = 19.20, p < .001, ηp2 = .46. In trials where avatar’s left
hand was in upper and the right hand was in lower position (non-corresponding hand
postures; Fig. 5, left panel), responses to upper stimuli were faster with the right than with the
left hand (429 vs. 438 ms, t[23] = 2.91, p = .008). There was no significant difference
between left and right responses to lower stimuli (442 vs. 430 ms, t[23] = 1.79, p = .087).
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When the right hand of the avatar was aligned with the upper and the left hand with the lower
position (corresponding hand postures; Fig. 5, right panel) responses to upper stimuli were
faster with the right than with the left hand (400 vs. 459 ms, t[23] = 8.10, p < .001) and
responses to lower stimuli were faster with the left than with the right hand (446 vs. 422 ms,
t[23] = -3.90, p = .001).
Percentages of errors. A main effect of response position was observed with F(1, 23)
= 11.34, p = .003, ηp2 = .33. Fewer errors were made in responses with the left hand than with
the right hand (1.6 vs. 2.8%). Further, there was an interaction between stimulus position and
response position, F(1, 23) = 32.34, p < .001, ηp2 = .58. Responses to upper stimuli were more
accurate with the right than with the left hand (2.1 vs. 1.9 %) while responses to lower stimuli
were more accurate with the left than with the right hand (1.1 vs. 3.6 %).
There was an interaction between the hand position of the avatar, stimulus position
and response position with F(1, 23) = 14.12, p = .001, ηp2 = .38. When avatar had its left hand
in upper position and its right hand in lower position, there was no significant difference
between responses with the left or right hand for upper stimuli (1.3 vs. 2.7 % errors, t[23] = 1.85, p = .077) and also not for lower stimuli (2.4 vs. 1.9 % errors, t[23] = -.90, p = .379).
However, when avatar’s right hand was in upper and its left hand in lower position, responses
to upper stimuli were more accurate with the right than with the left hand (1.1 vs. 2.9 %, t[23]
= 2.74, p = .012) and responses to lower stimuli were more accurate with the left than with the
right hand (4.8 vs. 0.2 %, t[23] = -7.08, p < .001).
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Figure 5. Mean reaction times (solid lines, left axis) and percentages of errors (dotted lines,
right axis) as a function of avatar’s hand position, stimulus position and response position
from Experiment 2a. The hand postures of the participant and the avatar could correspond (
corresponding hand postures, left side of the figure) or not correspond (non-corresponding
hand postures, right side of the figure). Asterisks indicate significant pairwise comparison
between right and left responses (t-tests, two-tailed, *: p < .05, **: p < .01, ***: p < .001).
Error bars show within-subject 95% confidence intervals from normalized data (Cousineau,
2005).
Discussion
The experiment showed that the modulation of SR compatibility by avatar’s position
was affected by the match of the hand positions of participant and avatar. In conditions where
the hand positions of the participant and the avatar corresponded, we observed the interaction
effect in RTs and PEs (left side of Fig. 4 and right side of Fig. 5) similar to the finding of
Experiment 1. Conforming our hypothesis, no interaction effect was found in the noncorresponding condition of Experiment 2b (Fig. 5, left side). In Experiment 2a, we also
observed an interaction of stimulus and response position in the non-corresponding condition,
which, however, does not reflect the avatar-Simon effect (Fig. 4, right side).
Taken together the results showed that objects were only coded relative to avatar’s
hand positions when the spatial code of participant’s hand position corresponded. Thereby,
Experiment 2a and 2b confirmed the results of Experiment 1 that with corresponding hand
postures, avatar's hands form a spatial frame of reference to the objects, which is taken by the
participant. However, the spatial codes relative to participant’s hand positions cannot be
ignored, but interfere if they do not correspond with the coding relative to avatar’s hands.
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General Discussion
Which mechanisms allow participants to take the spatial perspective of others, here
operationalized as their virtual avatar? The present study was conducted to determine whether
perspective taking or referential coding is capable to elicit spontaneous response tendencies of
humans from the (virtual) person’s perspective. Our study showed that, regardless of (virtual)
person’s perspective, stimuli are coded as left and right with regard to the hand positions of
the avatar (Experiment 1). Further, we showed that the spatial reference frame of the avatar is
neglected when it is contrary to the participant’s reference frame. The avatar's spatial
perspective was only adopted if the avatar's hand posture matched with the participant's hand
posture. Otherwise the perspective did not seem to be adopted (Experiment 2).
Experiment 1 showed that participants linked avatar’s position to their own behavioral
tendencies which is reflected in a reversal of the SR compatibility depending on avatar’s
position. Results revealed that for the rotated avatar scenario SR compatibility relations
emerged that can only be expected from avatar’s spatial position (the avatar-Simon effect).
The modulation of SR compatibility by the presence of (virtual) persons has been proposed to
reflect a visual perspective taking mechanism (Freundlieb et al., 2016, 2017; Müsseler et al.,
2018; Böffel & Müsseler, 2018, 2019a, b). In our study, the perspective taking account
predicts that the visual field of the rotated left or right avatar shapes the frame of reference
towards the disks. Contrary to this assumption we demonstrated that the interaction pattern
indicative for spatial coding relative to avatar’s position was present and even more
pronounced in conditions in which the unrotated avatar had the same visual field towards the
discs, but took different hand positions. The participants coded the upper (lower) stimulus as
‘right’ and the lower (upper) stimulus as ‘left’ if avatar's hand determined so.
Our interpretation is that this finding reflects a referential coding mechanism
according to which spatial relations among objects or events in the visual field are formed in
reference to any other object or event in the visual field (cf. van der Heijden, Müsseler &
Bridgeman, 1999). In the current study, both the participant and the avatar created potential
spatial references to the stimuli what could cause a selection problem. According to the
referential coding account, the salience of the potential referent is decisive whether it is used
by the actor as a spatial reference. As participants were instructed throughout the study to take
avatar’s position it is plausible that in Experiment 1 spatial codes where formed relative to
avatar’s hand positions and not to their own hand positions.
In our study, the avatar’s hand positions provided the reference frame for coding the
stimulus positions as left and right. But is there anything unique about the hands compared to
other referents? According to the referential coding account any event can potentially produce
a reference frame to another object. Referential coding is thereby proposed as a general and
not exclusively social mechanism and no qualitative difference is made whether the own
person or another living or non-living object acts as a spatial reference point to a stimulus. In
accordance, studies of Hommel and Lippa (1995), Proctor and Pick (1999), and Pick,
Specker, Vu, and Proctor (2014) showed that stimuli were coded as left and right relative to
the eye positions of a 90° rotated face stimulus. Pick et al. (2014) replicated the spatial coding
effects using the two headlights of an automobile and provided evidence for the assumption
that spatial coding relative to objects is not dependent on the aliveness or human appearance
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of the reference object. In conclusion, although in our experiments the hand positions have
proved to be determinant, we do not exclude other reference points than hands3.
Experiment 2 showed that even though participants transferred their action tendencies
to the distal avatar, their own proximal hand positions have not been completely neglected
(for related results in tool use see Ladwig, Sutter & Müsseler, 2012; Sutter, Sülzenbrück,
Rieger, & Müsseler, 2013). Experiment 2a and 2b showed that position taking towards an
avatar depended on the match between the hand postures of the avatar and the participant. We
observed a modulation of the SR compatibility effect indicative for the spatial coding of
avatar’s position only in conditions where the hand postures of the avatar and the participant
corresponded. But no evidence of a position taking towards the avatar was observed in
conditions in which the hand postures of the participant and the avatar did not match. We
have predicted the latter result based on the assumption that the left/right code is weakened by
the opposing coding and/or by the tendency to ignore the avatar under these conditions. The
opposing coding might have created a conflict. To overcome this conflict, increasing
cognitive control and more controlled actions are necessary. With regard to dual-route
accounts, cognitive control is reflected by the indirect mapping route which is driven by the
current task requirements. If the task difficulty increases, the controlled processes and thus the
indirect route is strengthened, which is at the expense of the automatic route (for a
comparable interpretation see also Proctor, Yamaguchi, Dutt, & Gonzalez, 2013). In any case,
our findings indicate that the spatial perspective of the avatar is only adopted automatically if
it is not conflicting with the own spatial reference frame.
The present study compared mechanisms of visual perspective taking with referential
coding, when controlling an avatar. At first glance, our results seem to contradict the view
that when taking avatar's perspective, a representation is created that enables the observer to
see the world through the eyes of the avatar. Instead, the findings seem to favor a referential
(re-)coding of the existing spatial relationships, here with regard to the avatar’s hands.
However, both approaches might not be mutually exclusive. Consider the case where
referential coding is seen as a mechanism that enables perspective taking. How could it be
otherwise? A viewer perceives the surrounding visual space only through the information
provided by her/his eyes. Any conclusion about the perceived space is based on this
information. In this sense, referential coding may be at the base of any perspective taking that
occurs.
Conclusion
In conclusion our study shows that people are able to link avatar’s position to their
own behavioral tendencies demonstrated in an avatar-Simon task. Further, our study gives an
insight into the mechanisms that make position taking possible: It is not the (re-)constructed
left and right visual field of the avatar, but her/his left and right hand positions that formed the
spatial frame of reference for imperative stimuli. We were also able to demonstrate a limit on
the position taking: The spatial reference frame shaped by avatar’s hand posture was only
selected by the participant when it corresponded with participant’s hand posture. Otherwise
the spatial referencing by avatar’s hands expires.
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Footnotes
1. Apart from the presentation of the avatar, the setting of Böffel und Müsseler
(2019a) was used to explore the orthogonal Simon effect, reflecting performance advantages
for left-sided responses to lower stimuli and right-sided responses to upper stimuli (Bauer &
Miller, 1982). The result pattern in the condition in which the avatar is in the right position
corresponds to the orthogonal Simon effect. However, please note that the positioning of the
avatar on the left side leads to an exact reversal of the orthogonal Simon effect, which is clear
evidence for the modulation of SR compatibility by the avatar (see Böffel & Müsseler, 2019a,
for a more detailed discussion).
2. Both the experiments included mostly females. As gender differences are reported
for a large range of spatial abilities (e.g. Tarampi, Heydari, & Hegarty, 2016) this could be a
limitation of our study. However, in the case of spatial compatibility research, the differences
between the genders are usually comparably small and there are pronounced SR compatibility
effects for both women and men (e.g. Stoet, 2017).
3. We are grateful to Robert Proctor for the valuable reference to existing studies on
referential coding relative to faces and inanimate objects.

