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Research Article

From passing the basketball to a fellow teammate to 
handing over a knife at the dinner table, being able to 
adopt other people’s visuospatial perspectives (VSPs) 
is pivotal for successfully engaging in a large variety of 
social interactions. Recent research has provided evi-
dence that people adopt others’ VSP spontaneously, 
computing the relative location of objects from anoth-
er’s orientation without being prompted to do so. We 
seem to be equipped with mechanisms allowing us to 
spontaneously take into account not only whether 
somebody else can or cannot see a certain object (visual 
perspective taking, or Level 1 perspective taking; see 
Flavell, Everett, Croft, & Flavell, 1981) but also how 
objects look from another’s point of view (VSP taking, 
or Level 2 perspective taking; cf. Flavell et al., 1981).

For example, when being asked to give verbal 
descriptions of the spatial relations among an array of 
objects, observers spontaneously adopted the VSP of 
another person facing them (Lozano, Hard, & Tversky, 
2007; Tversky & Hard, 2009; cf. Cavallo, Ansuini, 

Capozzi, Tversky, & Becchio, 2016). Furthermore, when 
participants were asked to indicate the spatial locations 
of stimuli arranged vertically in front of them with left 
and right responses, and a task partner was sitting at a 
90° angle next to them, they spontaneously adopted the 
other person’s spatial reference frame, processing the 
stimuli in terms of the other’s left and right (Freundlieb, 
Kovács, & Sebanz, 2016; Freundlieb, Sebanz, & Kovács, 
2017).

Nearly all of the evidence for spontaneous VSP tak-
ing comes from tasks where an observed agent or task 
partner could physically act on objects. In these tasks, 
the physical location of an object (say, an apple; Cavallo 
et  al., 2016) varied along a spatial dimension (e.g., 
appeared to the right vs. to the left of somebody else), 
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Abstract
Recent studies have demonstrated people’s propensity to adopt others’ visuospatial perspectives (VSPs) in a shared 
physical context. The present study investigated whether spontaneous VSP taking occurs in mental space where 
another person’s perspective matters for mental activities rather than physical actions. Participants sat at a 90° angle 
to a confederate and performed a semantic categorization task on written words. From the participants’ point of view, 
words were always displayed vertically, while for the confederate, these words appeared either the right way up or 
upside down, depending on the confederate’s sitting position. Participants took longer to categorize words that were 
upside down for the confederate, suggesting that they adopted the confederate’s VSP without being prompted to do so. 
Importantly, the effect disappeared if the other’s visual access was impeded by opaque goggles. This demonstrates that 
human adults show a spontaneous sensitivity to others’ VSP in the context of mental activities, such as joint reading.
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and participants’ left versus right responses reflected 
how they, or the other person, would physically interact 
with the object. This raises the question of whether 
spontaneous VSP taking has a signature limit to the 
effect that it operates only in a shared physical realm, 
where different perspectives imply different actions on 
objects, or whether VSP taking extends to mental space1 
in which spatial relations matter for cognitive processes 
rather than for physical actions. For example, when the 
newspaper is oriented at a right angle from you at the 
breakfast table, will it be easier for you to read its 
headlines if the paper happens to be aligned with your 
partner’s perspective? Reading is a prototypical case of 
a mental activity where objects (words) are manipulated 
by the mind rather than by our hands. Yet the sharing 
of semantic information may involve more sophisticated 
mechanisms that do not manifest in spontaneous effects 
on VSP taking. In particular, processing semantic infor-
mation through reading is a cultural skill acquired late 
in our evolutionary history—it is therefore important 
to determine whether differences in VSPs can lead to 
spontaneous perspective taking in this domain.

Some first evidence for VSP taking in mental space 
comes from a task involving numerical cognition 
(Surtees, Apperly, & Samson, 2016; see also Elekes, 
Varga, & Király, 2016). In a joint numerical judgment 
task, participants were slower to indicate whether a 
number was smaller or larger than 5 when the numeri-
cal value of a digit was different for a task partner sit-
ting opposite (e.g., on trials where they saw a “6” while 
their partner saw a “9”). This indicates that participants 
also computed the symbol from the other’s viewpoint. 
However, importantly, as participants were asked to 
respond to smaller numbers with a left response and 

to larger numbers with a right response, one could still 
argue that these results are based on the spatial-numerical 
associations of response codes (cf. Dehaene, Bossini, & 
Giraux, 1993) and, thus, still strongly relate to the action 
space.

To investigate whether spontaneous VSP taking 
occurs not only in physical but also in mental space, 
we developed a novel task in which participants were 
required to read words in order to perform a semantic 
categorization task. Across three experiments, we asked 
whether participants are faster in processing words 
when they are oriented such that they can be easily 
read by another individual, compared with an orienta-
tion that is the same from the participants’ point of view 
but difficult to read from another’s perspective.

Experiment 1

Participants sat at a 90° angle to a confederate and 
performed a semantic categorization task with words 
being displayed on a horizontally mounted computer 
screen (see Fig. 1). The stimuli always belonged to one 
of two categories, and participants were instructed to 
respond only to stimuli from their own category and 
not to respond to stimuli from the other category. All 
word stimuli were displayed in the same orientation 
(90° angle clockwise2) from the participants’ perspec-
tive. The confederate sat to the right or to the left side 
of the participant. From the confederate’s perspective, 
words thus either appeared the right way up (congruent 
condition), when he sat to the participant’s left, or 
upside down (incongruent condition) when he sat to 
the participant’s right. If participants spontaneously 
adopted the confederate’s VSP, then it should be easier 
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Fig. 1.  Setup for Experiment 1. The participant (P) sat at a 90° angle to the confederate 
(C). An example of a trial in the congruent condition is shown on the left, and an example 
of a trial in the incongruent condition is shown on the right.



616	 Freundlieb et al.

for them to read words that are the right way up for 
the confederate and harder to read words that are 
upside down for the confederate, resulting in a congru-
ency effect.

Method

Participants.  We based our sample size on a previ-
ously published study testing VSP taking in a paired sam-
ples design (Freundlieb et al., 2016). Prior to data collection, 
we decided to test 16 participants and set the significance 
level (α) to .05. Sixteen participants (mean age = 20.06 
years; 12 women; 15 right-handed) signed up for this 
study and received gift vouchers for their participation. 
All were naive to the purpose of the study, reported nor-
mal or corrected-to-normal vision, signed informed con-
sent prior to the experiment, and were debriefed after the 
experiment. All 16 participants met the inclusion criterion 
of having more than 90% successful trials in each experi-
mental condition.

Stimuli and apparatus.  The stimuli consisted of sin-
gle nouns in Hungarian (subtending between 3.3° and 
7.3° of visual angle, depending on the length of the 
word). Each word item belonged to one of two catego-
ries: (a) animals or (b) fruits and vegetables. Each of the 
two categories contained 32 items that had been used in 
a prior study on social memory and were controlled for 
frequency (see Elekes et al., 2016; Table S1 in the Supple-
mental Material available online presents lists of all word 
items). In order to rule out carryover effects between the 
two experimental conditions, we randomly split the 32 
items from each of the two categories in halves, resulting 
in four sublists (Animals 1, Animals 2, Fruits and Vegeta-
bles 1, Fruits and Vegetables 2), each containing 16 items. 
This way, participants responded to a unique list of word 
items in each of the two conditions. During the trials, 
single word items were always presented in the same 
orientation (90° clockwise from the participants’ perspec-
tive) and at the same central position on a horizontally 
arranged 27-in. iMac (Mid 2011; see Fig. 1). The monitor 
was mounted at a height of about 63 cm from the floor. 
Responses were given on two button boxes (ioLab Res
ponse Box, GitHub, San Francisco, CA), which both the 
participant and the confederate placed on their lap. The 
button boxes were partially covered with a piece of car-
ton so that only the button used to respond (i.e., the most 
central button) was visible.

Design and procedure.  Viewing distance to the screen 
was approximately 70 cm, both for the participant and 
for the confederate, who was oriented at a 90° angle to 
the participant. A young adult male acted as the confed-
erate. During the instruction phase, the experimenter 

assigned both the participant and the confederate to one 
of the two categories (animals vs. fruits and vegetables) 
and asked them to respond with a button press only to 
word items from their own category and not to respond 
to word items from the other’s category (go/no-go task). 
Each trial started with the presentation of a fixation cross 
(subtending 1.31° of visual angle, presented in the center 
of the screen) for 350 ms. Subsequently, the screen turned 
blank for 100 ms, after which a word item was shown for 
1,200 ms. The word items were randomly chosen from 
two sublists (e.g., Animals 1 and Fruits and Vegetables 1 
in the first condition and then Animals 2 and Fruits and 
Vegetables 2 in the second condition), and each sublist 
was—consecutively—repeated four times per condition, 
with items presented in a random order. Participants per-
formed two conditions (congruent and incongruent), 
each containing 128 trials (2 categories × 16 items per 
sublist × 4 repetitions of each sublist). They were asked 
to respond as fast and as accurately as possible and not 
to tilt their heads during the experiment.

To establish different congruency relations, we var-
ied the sitting position of the confederate. While the 
participant always sat at the narrow end of the rectan-
gular screen, the confederate switched between the two 
long ends during the experiment. In the congruent 
condition, the confederate sat to the participant’s left, 
so that words were oriented toward him, or the right 
way up. In contrast, in the incongruent condition, the 
confederate sat to the participant’s right, so that words 
appeared upside down (see Fig. 1). Before each condi-
tion, eight practice trials familiarized the participants 
with the task. These were later excluded from the sta-
tistical analysis.

The order of conditions (congruent vs. incongruent), 
the assigned category (animals vs. fruits and vegeta-
bles), as well as the starting sublist (Animals 1 vs. Ani-
mals 2 vs. and Fruits and Vegetables 1 vs. Fruits and 
Vegetables 2, respectively) was counterbalanced across 
participants.

Data analysis.  Data were collected for participants 
only. Errors (i.e., missed button presses during partici-
pants’ own trials or button presses during the confeder-
ate’s trials) and reaction times (RTs) more than 2 standard 
deviations from each participant’s condition mean were 
excluded from the RT analysis. Both the two condition 
means for correct-response RTs and errors for each par-
ticipant were subjected to separate two-tailed, paired-
samples t tests.

Results

For the RT analysis, 0.34% of the trials were removed 
as errors, and 4.49% were removed for being more than 
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2 standard deviations away from each participant’s con-
dition mean, leaving 95.17% of the raw data as correct-
response trials. Generally, the removal of these outliers 
did not result in changes of the significance patterns 
observed in this experiment. Comparing the number of 
errors in the congruent and incongruent conditions 
showed that participants made significantly more errors 
in the congruent condition (M = 1.56, SD = 1.15) com-
pared with the incongruent condition (M = 0.56, SD = 
0.81), t(15) = 4.14, p = .001, d = 1.0.3

The RT analysis revealed that participants were sig-
nificantly faster in the congruent (M = 578.0, SE = 15.29) 
than in the incongruent (M = 618.4, SE = 19.47) condi-
tion, t(15) = 4.49, p < .001, two-tailed, d = 1.13 (see Fig. 
2). A post hoc power analysis (using G* Power; see 
Faul, Erdfelder, Lang, & Buchner, 2007) revealed that, 
given the mean of difference Mz = 40.33, the standard 
deviation of difference SDz = 35.00, and the effect size 
of d = 1.13, we achieved a power of 1 – β = 0.98. In 
order to test whether the specific category assigned to 
the participants (animals vs. fruits and vegetables), the 
order of conditions (starting with the congruent vs. the 
incongruent condition), or the order of the sublists 
(Animals 1, Animals 2, Fruits and Vegetables 1, Fruits 
and Vegetables 2) influenced the results, we conducted 
a repeated measures analysis of variance (ANOVA) with 
congruency as a within-subjects factor and category, 
order of condition, and order of sublists as between-
subjects factors. The results yielded only a main effect 
of congruency, F(1, 11) = 21.11, p = .001, ηp

2 = .66, but 
no effect of category, F(1, 11) < 1.0, p > .250, ηp

2 < .01; 
order of conditions, F(1, 11) < 1.0, p > .250, ηp

2 = .06; 
and order of sublists, F(1, 11) < 1.0, p > .250, ηp

2 = .09, 
or any two-way interactions between congruency and 
the between-subjects factors, all Fs < 1.8, ps > .211, ηp

2 < 
.24.

These results suggest that participants spontaneously 
adopted the other person’s VSP when performing a 
semantic categorization task together. This facilitated 
the processing of words oriented such that the confed-
erate could easily read them and/or impaired process-
ing of words that were oriented upside down from the 
confederate’s perspective. An open question is whether 
the active engagement of the confederate was necessary 
for triggering spontaneous VSP taking in mental space.

Experiment 2

Experiment 2 investigated whether the mere presence 
of another person with a diverging VSP is sufficient for 
participants to spontaneously adopt the other’s VSP. In 
one block, the confederate performed the same task as 
in Experiment 1, while in the other block he was 
instructed to just watch the stimuli on the screen. 

Because reading is a mental activity that does not nec-
essarily manifest in physical actions, a passive indi-
vidual can still engage in it. Therefore, we predicted 
that the presence of a passive confederate with a diver-
gent VSP would be sufficient for participants to adopt 
his VSP, leading to a congruency effect.

Method

Participants.  Prior to data collection, we decided to 
obtain data from 32 participants and set the significance 
level (α) to .05. Changing the experimental paradigm to a 
2 × 2 factorial design led us to double our initial sample 
size. This sample size is identical to that utilized in a pre-
viously published study on VSP taking that used a similar 
factorial design (Surtees et al., 2016). Thirty-three partici-
pants (mean age = 21.68 years; 20 women; 29 right-
handed) signed up for this study and received gift vouchers 
for their participation. One participant with severely 
reduced vision forgot to bring his glasses and was there-
fore excluded from the analysis. Each of the 32 partici-
pants (mean age = 21.66 years; 20 women; 28 right-handed) 
was naive to the purpose of the study, reported normal or 
corrected-to-normal vision, signed informed consent prior 
to the experiment, and was debriefed after the experiment.

Stimuli and apparatus.  The stimuli and the appara-
tus were identical to those in Experiment 1.

Procedure.  Participants performed both of the two con-
ditions (congruent vs. incongruent) in two different blocks 
(other-active vs. other-passive). Each condition contained 
128 trials, resulting in a total of 512 trials in Experiment 2. 
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Fig. 2.  Mean reaction time in the congruent and incongruent condi-
tions in Experiment 1. Error bars display within-subjects confidence 
intervals according to Loftus and Masson (1994). The asterisks indi-
cate a significant difference between conditions ( p < .001).
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The participants’ task was the same as in Experiment 1. 
While the other-active block was an exact replication of 
Experiment 1, in the other-passive block, the confeder-
ate was instructed not to respond to his category but 
instead just to watch the stimuli on the screen. Before 
each condition, eight practice trials familiarized the par-
ticipants with the task. These were later excluded from 
the analysis.

The order of congruency (congruent vs. incongru-
ent), the order of the blocks (other-active vs. other-
passive first), the order of the starting sublist (Animals 
1 vs. Animals 2 vs. Fruits and Vegetables 1 vs. Fruits 
and Vegetables 2), and the assigned category (animals 
vs. fruits and vegetables) was counterbalanced across 
participants.

Data analysis.  Errors (i.e., missed button presses dur-
ing participants’ own trials or button presses during the 
confederate’s trials) and RTs more than 2 standard devia-
tions from each participant’s condition mean were 
excluded from the RT analysis. Both of the two condition 
means for correct-response RTs for each participant as 
well as his or her errors were subjected to separate two-
way, repeated measures ANOVAs with the factors con-
gruency (congruent vs. incongruent) and activity other 
(other-active vs. other-passive).

Results

We removed 0.31% of the trials as errors and 4.34% as 
outliers, leaving 95.35% of the raw data as correct-
response trials. The removal of these outliers did not 
result in changes of the significance patterns observed 

in this experiment. The error analysis did not reveal 
any statistically significant results for congruency, F(1, 
31) < 1.0, p > .250, ηp

2 < .01; activity other, F(1, 31) < 
1.0, p > .250, ηp

2 = .01; or their interaction, F(1, 31) < 
1.0, p > .250, ηp

2 < .01.
The RT analysis revealed a significant main effect of 

congruency, F(1, 31) = 40.68, p < .001, ηp
2 = .57, with 

RTs being generally faster during the congruent than 
during the incongruent condition (see Fig. 3). This 
effect was moderated by a significant interaction 
between congruency and activity other, F(1, 31) = 5.56, 
p = .025, ηp

2 = .15. The difference score between con-
gruent and incongruent trials was significantly higher 
in the other-active condition (M = 42.42, SE = 7.43), 
compared with the other-passive condition (M = 20.85, 
SE = 5.99), t(31) = 2.36, p = .025, two-tailed, d = 0.41. 
In addition, post hoc t tests revealed a significant con-
gruency effect between congruent and incongruent tri-
als both in the other-active condition, t(31) = 5.71, p < 
.001, d = 1.0, as well as the other-passive condition, 
t(31) = 3.48, p = .002, two-tailed, d = 0.61. Finally, there 
was no main effect of activity other, F(1, 31) < 1.0, p > 
.250, ηp

2 = .01.
We conducted further analyses to check whether the 

results of Experiments 1 and 2 were influenced by 
demand characteristics. Given the within-subjects design 
used in both experiments, the difference between con-
gruent and incongruent trials could in principle have 
been obvious to participants and guided their perfor-
mance. However, during the debriefing, none of the 
participants reported anything that indicated their being 
aware of our hypotheses. As one block in Experiment 
2 (other-active) was a direct replication of Experiment 
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Fig. 3.  Mean reaction time in the other-active and other-passive blocks in Experiment 
2. Error bars display within-subjects confidence intervals according to Loftus and Masson 
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1, we pooled the performance of those participants from 
Experiments 1 and 2 who started with the congruent 
condition first (n = 16) and compared it with the per-
formance of those participants from Experiments 1 and 
2 who started with the incongruent condition first (n = 
16). We then conducted an independent-samples t test 
(N = 32) between the two groups to investigate whether 
the previously found effects can be established in a 
between-subjects analysis. The results showed a signifi-
cant difference in RTs between the congruent-first (M = 
573, SE = 12.1) and the incongruent-first (M = 645.54, 
SE = 23.3) group, t(30) = 2.73, p = .01, two-tailed, d = 
0.97. This speaks against the possibility that the findings 
from Experiments 1 and 2 were based on demand 
characteristics.

In summary, the results of Experiment 2 replicate 
Experiment 1 and indicate that participants were sensi-
tive to the fact that in the absence of any overt 
responses, the confederate could still read the stimuli. 
While this demonstrates that VSP taking in mental space 
can occur in the absence of direct evidence of another’s 
engagement, we also found that the effect of VSP taking 
was larger when the confederate actively performed a 
task that required reading the words. A related question 
raised by the results of Experiment 2 is whether the 
congruency effect observed in the passive condition 
might simply be due to the bodily orientation of the 
observer rather than to him reading the words.

Experiment 3

Another agent’s facial features (such as his forehead, 
eyes, and nose) facing toward objects may automati-
cally trigger a shift of attention regardless of whether 
that agent has visual access to the stimuli or not (cf. 
Heyes, 2014). Alternatively, the other’s visual access 
may be crucial for spontaneous VSP taking to occur. To 
address this question, we manipulated the confederate’s 
ability to see the stimuli in Experiment 3. If participants’ 
responses systematically changed in accordance with 
the confederate seeing or not seeing the stimuli, this 
would support the claim that ascribing visual access to 
another agent is a precondition for adopting his or her 
VSP and processing the stimuli as if seen from that 
person’s point of view.

Method

Participants.  Thirty-two participants (mean age = 21.94 
years; 20 women; 29 right-handed) signed up for this 
experiment and received gift vouchers for their participa-
tion. All were naive to the purpose of the experiment, reported 
normal or corrected-to-normal vision, signed informed 
consent prior to the experiment, and were debriefed after 

the experiment. All 32 participants met the inclusion cri-
terion of having more than 90% successful trials in each 
experimental condition.

Stimuli and apparatus.  The stimuli were identical to 
those in Experiments 1 and 2. The only difference in the 
apparatus was that the confederate wore a pair of lift-
front goggles (Lux Optical, Worldwide Euro Protection, 
Luxembourg) throughout the experiment. These goggles 
had small shutters that could be either lifted up (in which 
case, one had unhindered vision through transparent 
Plexiglas) or flapped down (in which case, black tape on 
the shutters blocked vision).

Procedure.  Participants performed the two conditions 
(congruent vs. incongruent) in two different blocks 
(blindfolded vs. seeing). Each condition contained 128 
trials, resulting in a total of 512 trials, as in Experiment 2. 
The participants’ task was identical to that in Experiments 
1 and 2. While the other-seeing block replicated the 
other-passive block in Experiment 2 (the only exception 
being that the confederate wore the transparent goggles), 
in the other-blindfolded block, the confederate was 
instructed to flap the shutters of his goggles down and 
wait until the end of the block. Before each condition, 
eight practice trials familiarized the participants with the 
task. These were later excluded from the analysis.

The order of congruency (congruent vs. incongruent), 
the order of the blocks (blindfolded vs. seeing first), the 
order of the starting sublist (Animals 1 vs. Animals 2 vs. 
Fruits and Vegetables 1 vs. Fruits and Vegetables 2), and 
the assigned category (animals vs. fruits and vegetables) 
were counterbalanced across participants.

Data analysis.  Errors (i.e., missed button presses during 
participants’ own trials or button presses during the confed-
erate’s trials) and RTs more than 2 standard deviations from 
each participant’s condition mean were excluded from the 
RT analysis. Both the two condition means for correct-
response RTs for each participant as well as his or her errors 
were subjected to two-way, repeated measures ANOVAs 
with the factors congruency (congruent vs. incongruent) 
and vision other (other-seeing vs. other-blindfolded).

Results

We removed 0.56% of the trials as errors and 4.65% as 
outliers, leaving 94.79% of the raw data as correct-
response trials. The removal of these outliers did not 
result in changes of the significance patterns observed 
in this experiment. The error analysis revealed a sig-
nificant main effect of vision other, F(1, 31) = 5.18, p = 
.030, ηp

2 = .14, showing that participants made more 
errors when the confederate was blindfolded (M = 1.25, 
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SE = 0.21) than when he had visual access to the stimuli 
(M = 0.83, SE = 0.16). Neither the main effect of congru-
ency, F(1, 31) < 1.0, p > .250, ηp

2 = .03, nor the interac-
tion between the two factors, F(1, 31) = 1.56, p = .221, 
ηp

2 = .05, was significant.
The RT analysis revealed a significant interaction 

between congruency and vision other, F(1, 31) = 5.88, 
p = .021, ηp

2 = .16. In post hoc analyses, pairwise com-
parisons showed a significant difference in RTs between 
the congruent (M = 622.68, SD = 68.81) and the incon-
gruent (M = 640.18, SD = 73.02) blocks only in the 
other-seeing condition, t(31) = 2.22, p = .034, two-tailed, 
d = 0.39, but not in the other-blindfolded condition, 
t(31) < 1.0, p > .250, two-tailed, d < 0.01 (see Fig. 4). 
The other pairwise comparisons did not reach signifi-
cance (all ps > .218, all ds < 0.2). Furthermore, there 
was neither a significant main effect of congruency, F(1, 
31) = 1.72, p = .200, ηp

2 = .05, nor of vision other, F(1, 
31) < 1.0, p > .250, ηp

2 < .01. This indicates that the 
confederate’s ability to see the stimuli was necessary 
for participants to adopt his VSP, while cues about the 
orientation of the confederate relative to the stimuli 
(e.g., the direction of his body, forehead, nose) were 
not sufficient for triggering spontaneous VSP taking.

General Discussion

The aim of this study was to investigate whether spon-
taneous VSP taking occurs in mental space, where spa-
tial relations matter for mental rather than physical 
actions. Across three experiments, we found that par-
ticipants reliably adopted the VSP of a confederate in 

the context of a semantic categorization task that 
involved reading words. Specifically, we found that par-
ticipants were faster to categorize words that were ori-
ented in an upright way from the point of view of a 
confederate, compared with words oriented upside 
down from the confederate’s point of view. This shows 
that VSP taking is not restricted to situations involving 
physical interactions with objects or action planning 
(cf. Creem-Regehr, Gagnon, Geuss, & Stefanucci, 2013; 
Freundlieb et al., 2016; Freundlieb et al., 2017) because 
it also extends to the mental space.

Our findings advance the understanding of perspec-
tive taking in two ways. First, they underline the per-
vasiveness of the phenomenon of VSP taking in human 
interactions—operating not only in physical space, 
where it potentially facilitates motor coordination, but 
also in mental space, where it might facilitate interper-
sonal communication. The propensity to adopt other 
people’s VSP therefore helps overcome differences not 
only in the ways in which our bodies relate to the 
world, but also in the way our minds process informa-
tion, helping to create shared meaning. Second, our 
results indicate continuity of the mechanisms underly-
ing spontaneous VSP taking, allowing for processing of 
objects that are manipulated mentally from another’s 
perspective in much the same way as objects that are 
manipulated physically. This, in turn, can inform the 
long-standing debate on the origins of mental perspec-
tive taking (or theory of mind) and its relation to spatial 
perspective taking (Butterfill & Apperly, 2013).

Furthermore, our results provide evidence for spon-
taneous VSP taking in mental space. The orientation of 
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the words and the sitting position of the confederate 
were completely irrelevant for the participants’ task, 
and participants were never prompted to adopt the 
other’s perspective. This extends earlier studies on VSP 
taking in physical space, where participants were asked 
to provide responses about spatial arrangements of 
objects from a particular perspective (Cavallo et al., 2016; 
Furlanetto, Becchio, Samson, & Apperly, 2016).

A further important finding of our study is that par-
ticipants spontaneously adopted somebody else’s VSP 
even if that other person was not explicitly assigned a 
task and was just passively observing the stimuli 
(Experiment 2). Previous studies have shown evidence 
for spontaneous VSP taking only if the task was per-
formed within a cooperative context (Surtees et  al., 
2016) or if the responses given by the other person 
indicated his or her constant engagement in the shared 
task (Freundlieb et al., 2016). We believe that this dis-
crepancy between earlier results of VSP taking in physi-
cal space and the present results can be explained by 
differences in the tasks involved. For example, as the 
rules of the task used by Freundlieb and colleagues 
(2016) were completely arbitrary, it was only through 
the confederate’s overt responses that participants 
could verify the confederate’s participation in the task. 
In contrast, participants in the current task could still 
assume that the passive confederate processed the 
stimuli in a meaningful way—as written words auto-
matically trigger reading and recognition processes 
(especially given that the confederate was instructed to 
watch the stimuli; cf. Strijkers, Bertrand, & Grainger, 
2015; Stroop, 1935). This “passive” participation (likely 
involving reading) might have been sufficient for par-
ticipants to perceive the task as being interactive (or as 
a “team context”; see Surtees et al., 2016) and, hence, 
to spontaneously adopt the confederate’s VSP. Finally, 
the results of Experiment 2 suggest that although the 
activity of the other was not a necessary factor for the 
congruency effect to occur, it seemed to have further 
increased VSP-taking effects.

But what exactly led to the observed effects in the 
current study in the first place? It could be claimed that 
the congruency effects found in Experiments 1 and 2 
were simply based on a domain-general mechanism 
picking up directional cues (such as somebody else’s 
body orientation) and thereby redirecting participants’ 
attention (cf. Heyes, 2014). Importantly, such a mecha-
nism would elicit the same effect regardless of whether 
the agent exhibiting such directional cues had visual 
access to the stimuli or not. However, in Experiment 3, 
we replicated the results obtained in Experiment 2 and 
showed that spontaneous VSP taking disappeared if the 
confederate’s visual access to the stimuli was blocked. 
Importantly, this corroborates that participants were 
taking into account how the confederate saw the stimuli 

and rules out the possibility that directional cues about 
the confederate’s facial features (such as the orientation 
of his body, forehead, and nose) were sufficient for 
triggering spontaneous VSP-taking effects.

We think that the mechanism underlying the effects 
reported here involves a modulation of the processes 
involved in word reading that was prompted by the 
spontaneous adoption of the other person’s VSP. Words 
are not processed and transformed as integral units over 
the entire range of orientations (Koriat & Norman, 
1985). Instead, Koriat and Norman (1985) proposed that 
when stimuli are close to the upright canonical orienta-
tion (±60°), word recognition relies on whole-word 
units, whereas at more extreme orientations (beyond 
120° deviations), it appears to be based on sequential 
letter identification. They suggest that for intermediate 
orientations (60°–120°, which coincides with the orien-
tation used in our study) “word recognition may rely 
on units larger than single letters” (Koriat and Norman, 
1985, p. 507). In our study, adopting the other person’s 
VSP might have led participants to process the words 
more holistically in the congruent condition and in a 
letter-by-letter fashion in the incongruent condition, 
creating the observed differences in reaction times. 
Future experiments will have to determine and disen-
tangle the effects of VSP taking on semantic, ortho-
graphic, and lower visual levels of word processing.
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Notes

1. Note that we use the term mental space to highlight the con-
trast to the physical interaction space. It therefore differs from 
the notion of mental space as defined by Fauconnier (1994).
2. As the general reading direction is from the top of a page 
to the bottom of a page, we thought it would be more natural 
for participants to read top to bottom (or clockwise) compared 
with bottom to top (or anticlockwise). Therefore, we chose to 
use stimuli that were rotated in a clockwise manner. However, 
Yu, Park, Gerold, and Legge (2010) showed no difference in 
performance when participants read words that were rotated 
clockwise versus counterclockwise.
3. The fact that there was a significant effect of congruency 
in the error analysis could indicate that there was a speed/
accuracy trade-off. However, this pattern was not observed in 
subsequent experiments. As participants generally committed 
very few errors (1.2% and 0.4% in the congruent and incongru-
ent condition, respectively), the speed/accuracy trade-off in this 
experiment is unlikely to account for the robust effect in RTs.
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