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We explored perspective-taking behavior in a visuospatial mental rotation task that
requires listeners to adopt an egocentric or ‘‘other-centric’’ frame of reference. In the cur-
rent task, objects could be interpreted relative to the point-of-view of the listener (egocen-
tric) or of a simulated partner (other-centric). Across three studies, we evaluated
participants’ willingness to consider and act on partner-specific information, showing that
a partner’s perceived ability to contribute to collaborative mutual understanding modu-
lated participants’ perspective-taking behavior, either by increasing other-centric (Study
2) or egocentric (Study 3) responding. Moreover, we show that a large proportion of par-
ticipants resolved referential ambiguity in terms of their partner’s perspective, even when
it was more cognitively difficult to do so (as tracked by online movement measures), and
when the presence of a social partner had to be assumed (Studies 1 and 2). In addition, par-
ticipants continued to consider their partner’s perspective during trials where visual per-
spectives were shared. Our results show that participants will thoroughly invest in
either an other-centric or egocentric mode of responding, and that perspective-taking
strategies are not always dictated by minimizing processing demands, but by more potent
(albeit subtle) factors in the social context.

� 2011 Elsevier B.V. All rights reserved.
1. Introduction

When two people discuss the world around them, they
adapt their utterances to particular perspectives in order to
be understood. Suppose you, the reader, wish to know
where Al Green’s world-famous Full Gospel Tabernacle
church is. If the authors knew you were from Memphis,
we could respond: ‘‘By Graceland.’’ If you had a novice’s
perspective on Memphis, we might adorn the description
with more detail, such as: ‘‘About 20 min south of down-
town Memphis, off Highway 55, also near Graceland.’’
(e.g., Fussell & Krauss, 1992; Isaacs & Clark, 1987). If our
spatial perspectives differed in some way (e.g., we were
chatting over the phone), I might give you directions by
tailoring them to your spatial perspective, such as ‘‘On your
left will be Graceland, then Al Green will be just. . .’’ (e.g.,
. All rights reserved.
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an).
Mainwaring, Tversky, Ohgishi, & Schiano, 2003; Schober,
1993, 1995). These adaptive processes are sensitive to a
variety of factors, and sometimes speakers mix strategies
during an interaction (Tversky, Lee, & Mainwaring, 1999).
Research conducted during the past couple of decades
has revealed a diversity of constraints on how these speech
acts are shaped by perspective (Schober, 1998, 2009). In
general, when conditions are right, and cognitive con-
straints are satisfied, speakers seem to employ perspec-
tives adaptively (see also Brown-Schmidt, 2009).

Relatively less is known, however, about how the ad-
dressee herself adapts to utterances inherently involving
a spatial perspective. As noted above, speakers are neither
always careful nor explicit with perspective choice, and lis-
teners themselves can face moments of ambiguity. Above,
when ‘‘On your left. . .’’ was used, it was assumed that the
traveler is headed south from downtown Memphis. Yet
conversational conditions do not always allow such ready
assumptions. In the construction of directions relative to
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some map, ‘‘on the left’’ is cognitively challenging and de-
mands a referent object, as does ‘‘near’’ and ‘‘far’’ though
they may be less challenging (Franklin & Tversky, 1990).

Earlier studies have suggested that perspective consis-
tency facilitates comprehension (Black, Turner, & Bower,
1979; Tversky et al., 1999), and that different perspectives
comprehended from text may allow varying levels of cog-
nitive flexibility (Brunyé, Rapp, & Taylor, 2008). Many
studies have explored the role of particular perspectives
for memory encoding and access of maps or routes
(McNamara, Sluzenski, & Rump, 2008; Mou, Liu, & McNa-
mara, 2009), and such memories and related inferences
are sensitive to factors such as familiarity with a terrain
or environment, and aspects of a terrain like relative object
salience (Taylor & Tversky, 1992, 1996). In addition, exten-
sive work by Carlson and colleagues has shown that com-
prehenders might maintain activation across multiple
perspective types before one is selected (Carlson, 1999;
Carlson & Covey, 2005), a notion that Taylor and colleagues
confirmed using online measures and event-related poten-
tials (Taylor, Naylor, Faust, & Holcomb, 1999).

Though this extensive work on perspective comprehen-
sion and memory has done much to reveal underlying cog-
nitive processes, we revisit a basic experimental design to
ask the question: What spatial perspective do listeners
adopt in the face of fundamental ambiguity? The work just
reviewed almost always resolves the ambiguity for the lis-
tener in the task. For example, Taylor et al. (1999) ‘‘force’’
the participants to one or another perspective and observe
the effects on processing (see also Black et al., 1979; Lee &
Tversky, 2005; Samson, Apperly, Braithwaite, Andrews, &
Bodley Scott, 2010; Tversky et al., 1999). The research on
speakers’ choices (e.g., Schober, 1993) is more open-ended
– the tendency for speakers to adopt one or another frame-
work in an open-ended way has been the focus of conver-
sational spatial perspective-taking work.

To study the underlying cognitive processes involved in
open-ended listener perspective-taking, we constructed a
simple scenario modeled after Schober (1993) and Tversky
and Hard (2009), but modified it to tap into the online
comprehension of referential terms. This classic experi-
mental design has been used frequently to study produc-
tion (as reviewed above), but rarely have the
spontaneous tendencies of listeners been studied (e.g., Fit-
neva & Song, 2009). In such cases, do listeners assume a
consistent reference-frame over the course of an interac-
tion? Previous research suggests that perspective switch
costs are present during comprehension (Black et al.,
1979), but in this research the listener was not given the
opportunity to spontaneously choose a perspective under
ambiguity.

In addition, will taking another person’s spatial per-
spective (e.g., their left) always induce cognitive difficulty?
As reviewed above, speakers sometimes choose the addres-
see’s perspective, and here we test the same question with
listeners. If taking another’s perspective is cognitively chal-
lenging, will participants choose it as much as they would
their own reference frame? With the cognitive expense of
taking a perspective outside of one’s own, our design per-
mits open-ended exploration of the selection tendencies
of comprehenders to take on their own or another’s per-
spective. One could predict that cognitive load alone, with-
out sufficient interactive constraints, favors taking the
simplest perspective (often identified as one’s own, from
Levelt, 1989 to Epley, Keysar, Van Boven, & Gilovich,
2004, though there exists no consensus).

1.1. The social perspective-taking task

We modeled our task on the design of Schober (1993),
who used a basic object-identification task to study per-
spective taking in speakers. Speakers saw two identical ob-
jects placed on a two-dimensional surface, and had to
induce listeners to choose one of these objects. The speaker
and listener could occupy different positions, under rela-
tive rotation of 90� or 180�, on this two-dimensional sur-
face (designated on a simulated, drawn table on a piece
of paper). Speakers thus had to formulate utterances using
spatial descriptions that involved particular perspectives.
For example, choosing her own perspective, a speaker
could simply say: ‘‘The object to my right.’’ This perspec-
tive is often termed the egocentric perspective, because
its frame of reference is the speaker herself. The speaker
may also say ‘‘The object to your left,’’ thus taking the other
person’s perspective, which we will refer to as ‘‘other-
centric.’’ Other possible descriptions can be used, such as
‘‘object-centered’’ (‘‘Choose the one nearest the airplane
picture’’). In addition, speakers may simply produce
ambiguous statements, like ‘‘The one on the left’’ when
their positions are misaligned, and leave it to the listener
to figure things out.

General findings using this design are that speakers
take the addressee’s perspective (i.e., they are other-
centric) when communicating with a simulated partner,
but will coordinate perspectives with actual partners when
they are present (Schober, 1993), and will choose object-
centered descriptions at times to avoid choosing an ego-
centric or other-centric perspective (Schober, 1995). In
addition, they will adapt these utterances under different
task conditions, such as directing their partners to the loca-
tion versus asking about the location (Mainwaring et al.,
2003). Others have found that taking the other-centric per-
spective may involve cognitive cost (Horton & Keysar,
1996). This simple task has thus revealed the adaptive ten-
dencies of speakers in choosing spatial perspectives when
formulating directions.

More recently, Tversky and Hard (2009) employed this
sort of task in a simple experiment that showed that the
mere implied presence of another person shaped the spa-
tial perspective used by survey respondents. In a single-
trial study, they presented participants with a picture of
two objects and queried them about where one of the ob-
jects was located. The presence of a person in the picture,
implying an ‘‘other’’ reference frame, induced usage of
other-centric responses (e.g., ‘‘on his left’’). In a second
study, they emphasized action in the instructions, and in-
duced further other-centric descriptions. The authors con-
cluded that the very presence of another person results in
the use of ‘‘external’’ reference frames, and because this
was done with only minimal cuing, there is a natural and
spontaneous tendency to embody the spatial perspectives
of another’s actions or potential actions.



24 N.D. Duran et al. / Cognition 121 (2011) 22–40
One implication from Tversky and Hard (2009), and
from the results of Schober (1993), is that participants
are willing, even with very minimal and non-interactive
cues, to take the perspective of another, despite the fact
that some have suggested that this perspective is not the
default and is cognitively costly (Epley et al., 2004; Horton
& Keysar, 1996). However, in these previous studies, no on-
line measure of cognitive processing was extracted to con-
firm either of these findings in the context of the
perspective-taking task. To do so here, we created a sce-
nario that required participants to select and present ob-
jects to a simulated partner. The generated actions were
analyzed for overall time of execution, as well as for more
nuanced and graded signatures of difficulty that would be
problematic, if not impossible, to capture with simple but-
ton presses.

Another unaddressed issue is that neither Schober
(1993), nor Tversky and Hard (2009), explored the ten-
dencies of the listener, who may be equally willing to in-
vest in the other-centric perspective during occasionally
ambiguous exchanges. In the following three studies,
our task offers answers to these basic questions. First,
we show that even with a cognitively costly other-cen-
tric perspective, requiring measurable mental rotation
to take on this perspective, comprehenders of directions
will invest other-centrically. We show that this happens
even during trials when there is a shared perspective –
when the egocentric perspective is all that is needed to
solve the task – participants still pay the cognitive cost
to ‘‘transform’’ the visual array to accommodate an as-
sumed partner. In a second and third study, we show
that comprehenders’ perspective-taking behavior is influ-
enced by the pragmatic constraints in the communica-
tive environment. Participants may seek to optimize
mutual understanding with their partner, and depending
on an assessment about the partner’s ability to do the
same, other-centric interpretations can increase or de-
crease dramatically. Like Tversky and Hard (2009), we
employed a very simple task, but embedded it in a se-
quence of trials and captured online cognitive measures.
And like these authors, we show that there is spontane-
ous, strategic investment in other-centrism despite its
difficulty.
2. Study 1: Listener’s perspective choice in an
ambiguous spatial layout

We simulate a simple interaction where a person,
standing at a table, asks another person to hand him a
folder from a set of two folders laid out on the tabletop,
as in ‘‘Give me the folder on the left.’’ Such a request would
be straightforward if both speaker and addressee were
standing side-by-side with a shared perspective of the ta-
ble. However, if the speaker were to walk around the table,
now facing the addressee from the opposite side, the same
request presents a coordination problem for the addressee.
Should the interpretation be grounded in one’s own frame
of reference, or that of the other? And if addressees are un-
able to ask for further clarification (for example, the speak-
er becomes distracted or momentarily leaves the room),
what are the constraints in the communicative context
that might influence their decision?

The above scenario was implemented in a computer-
based environment where requests for a folder were made
by a virtual speaker, whose location around a simulated ta-
ble changed from trial to trial. For some of these trials the
requests were ambiguous, allowing participants to respond
either ego- or other-centrically. To make a decision on how
to respond, we hypothesize that participants are likely
considering many factors, with arguably the most impor-
tant being the characteristics of the speaker and his in-
tended meaning.

For this task, there are two speaker-related influences
that have particular relevance. First, although the virtual
speaker sounds natural from turn-to-turn, the speaker is
nevertheless delivering pre-recorded speech. As a result,
participants could react by viewing this simulated partner
as a nonentity that cannot possibly possess a unique
perspective, thus making the egocentric response the only
viable option. The recording could also fail to activate
other-centric inclinations that, with a real partner, would
normally lead to other-centric responding. Second, given
the lack of explicit feedback, there is no way of knowing
the speaker’s intent, thus there is little risk in choosing a
‘‘wrong’’ response. Therefore, it is reasonable to suspect
that the interpretation that requires the least amount of
cognitive effort, namely, the egocentric response, would
be preferred.

Yet, the limitations of the simulated partner could also
be the very basis for taking the partner’s perspective. Such
behavior would occur if participants were approaching the
interaction as a collaboration for establishing mutual
understanding. According to the work of Clark and col-
leagues, conversational partners optimize understanding
by attempting to minimize the effort for both themselves
and their partner (Clark, 1996; Clark & Krych, 2004; Clark
& Wilkes-Gibbs, 1986). Moreover, if it appears that one of
the partners is failing to understand (Horton & Gerrig,
2002, 2005), or is likely to find the interaction difficult
(Bortfeld & Brennan, 1997; Brennan, 1990), the other will
expend greater cognitive effort to ensure mutual under-
standing. These assessments of the partner are rapidly
made, and can be influenced by knowledge of the other’s
needs, characteristics, or limitations at the start of the
interaction, as in adjustments based on a partner’s age or
a known language disorder (Newman-Norlund et al.,
2009; Perkins & Milroy, 1997). Here, not only must an
assessment be made in the service of comprehension, but
it must also be extended to a partner who is incapable of
collaboration. If the participant accepts the burden of
ensuring mutual understanding, and the limitations of
the recorded speaker are deemed sufficient, we would ex-
pect higher rates of other-centric responding.

Finally, a central claim emphasized earlier is that the
other-centric response requires greater cognitive effort.
To be clear, we consider cognitive effort to be the amount
of mental work devoted to linguistic comprehension. But
unlike the many language studies where effort is confined
to retrieving words or parsing sentences, here effort is ex-
tended to a larger pragmatic and visuospatial context. To
interpret a verbal request other-centrically, not only must



Fig. 1. The experimental interface for capturing egocentric or other-
centric behavior in a single computerized task. Note: The numeric labels
are for explanatory purposes only and were not seen by participants.
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participants consider the abilities of their partner, but also
their partner’s location in space. As such, cognitive effort
can be operationalized in the same ways as those used in
well-established research on visuospatial perspective
transformations (see Zacks and Michelon (2005) for a
review).

In this previous research, it has been shown that it
takes longer to describe objects from locations that are
offset from one’s own location (i.e., egocentric). Moreover,
the greater the deviation from the egocentric perspective,
the greater the time it takes to respond. This effect also
holds when describing objects from another person’s
perspective (Schober, 1993, 1995), regardless of whether
the person is real or simulated (Amorim, 2003; Schober,
1993) or perspective choice is spontaneous or forced
(Samson et al., 2010). Our scenario allows participants
to freely adopt the perspective of a simulated partner,
and to do so at varying locations of difficulty. This diffi-
culty is implemented by offsetting the partner’s location
by 90�, 180�, and 270� relative to the participant. The
further participants must mentally rotate from their
own egocentric perspective to ‘‘view’’ the table from their
partner’s egocentric perspective, the greater the cognitive
effort invested.
2 A version of the experiment can be accessed at: cognactive.org/
perspectiveTask.

3 This partner was labeled as either an ‘‘Employer’’ or ‘‘Employee’’ in
Studies 1 and 2. These designated labels were used to test a separate
2.1. Participants

We recruited 89 participants using Amazon’s Mechani-
cal Turk.1 Mechanical Turk is an online service that allows
users to post tasks that require human expertise, like rating
the usability of websites or compiling lists of business ad-
dresses. Tens of thousands of potential ‘‘workers’’ complete
tasks on their computers and receive a nominal payment
in return. Recently, cognitive psychologists and other scien-
tists have begun exploring the potential of Mechanical Turk
for behavioral research (e.g., Dale & Duran, in press; Dale,
Duran, & Morehead, submitted for publication; Frank &
Gibson, 2011). Respondents are found to exhibit consistently
high inter-subject reliability (Kittur, Chi, & Suh, 2008; Snow,
O’Connor, Jurafsky, & Ng, 2008; Sorokin & Forsyth, 2008),
and maintain excellent reliability and significant correla-
tions with laboratory-collected data (Munro et al., 2010).
Moreover, because participants are not necessarily aware
that they are being tested, nor is an experimenter present,
demand characteristics are reduced.

Participants in the current study (i.e., ‘‘task’’) were paid
40 cents for contributing responses over a 7–12 min
period. To identify unique responders, the IP address of
each participant’s computer was recorded and associated
with their data. If multiple sets of data had the same IP
address, we discarded these sets because the same partic-
ipants may have completed the task more than once. If IP
addresses did not originate from the United States, these
data too were discarded. Once we identified unique
responders, the IP addresses were deleted from all files.
It should also be noted that prior to committing to the
study, participants were aware of the general purpose of
the study and that they were free to terminate at any
1 www.mturk.com.
time (although payment would be forfeited per Amazon
Mechanical Turk rules).

2.2. Method

The experiment was implemented in Adobe Flash and is
accessible from an Internet web browser.2 Upon navigating
to the correct webpage, participants read brief instructions
informing them that they would have to respond to simple
requests from a simulated partner.3 The participants then
proceeded by clicking a button with their computer mouse
to reveal an image of an empty tabletop that was centered
within a 330-by-330-pixel region on their computer screen.
After a brief pause (around 500 ms), a recording of their
male partner’s voice was automatically played. The partner
directed the participant to select one of two folders that
would appear on the tabletop. Each folder was 67-by-50-
pixels in size. The partner’s directions always began with
the phrase ‘‘Give me the folder that is. . .’’ and was completed
with, ‘‘on the right,’’ ‘‘on the left,’’ ‘‘in the back,’’ or ‘‘in the
front.’’ After hearing these directions, participants clicked
on a ‘‘GO’’ label at the bottom of the screen (centered
65-pixels below the tabletop image). At this point, the orien-
tation of the folders and the location of the partner and
participant became visible. The folders were arranged in
one of four possible orientations: top-right diagonally
(Fig. 1, Position 2 and 3), top-left diagonally, vertically, or
horizontally, whereas the participant’s location was always
located at a ground position of 0� (Fig. 1, Position 1). The
participant’s task was to select a folder and drag it to the
research question on social identity. No clear and consistent patterns in
responses were found between these labels. The analyses here are based on
the combined datasets.

http://www.mturk.com
http://cognactive.org/perspectiveTask
http://cognactive.org/perspectiveTask
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denominator degrees of freedom estimated using Satterthwaite’s approx-
imation (default).
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partner’s position around the table. The partner could ap-
pear in any of the four positions of 0�, 90�, 180�, or 270�
(Fig. 1, Position 4).

The partner’s verbal directions were strategically paired
with particular folder/partner combinations to create 20
shared-perspective and 20 critical trials. It is during the
critical trials that a participant’s current spatial perspective
taking is revealed. For example, based on the layout of
Fig. 1, if the participant hears, ‘‘Give me the folder on the
left,’’ and selects the folder at Position 2, they are acting
egocentrically (‘‘folder on my left’’). But if the folder at Po-
sition 3 is selected, the participant is now acting ‘‘other-
centrically’’ (‘‘folder on your left’’). Given the same layout,
a shared-perspective trial would occur if the participant
now hears, ‘‘Give me the folder in the front.’’ Regardless
of whether the participant takes an egocentric or other-
centric perspective, the folder at Position 2 is aligned with
both perspectives and should always be selected. These tri-
als serve as a type of control.

As participants moved toward a folder, we were rapidly
sampling the x, y coordinates of their mouse cursor (similar
to Brennan, 1990). These coordinate positions were re-
corded every 25 ms (a sampling rate of 40 Hz) from the
moment the ‘‘GO’’ region was clicked to the initial selec-
tion of a folder. The ‘‘GO’’ region is a point of calibration
that ensures all responses begin at the same location. The
subsequent temporal and trajectory analyses are based
on these movements.

In presenting the stimuli to participants, we randomly
shuffled shared-perspective and critical trials, ensuring
that no more than three trials of the same type ever oc-
curred in a sequence. In each list, all possible combinations
of folder orientation and partner location were seen at
least twice – except for horizontal and vertical orientations
when participants were located at 90� or 270�. At these
combinations, the directions are no longer ambiguous
and are likely to bias perspective choice. For example,
imagine the scenario where the speaker is offset by 90�
and the folders are laid out vertically. If the speaker asks
for the folder on the right, the participant is forced to con-
sider the speaker’s perspective because ‘‘right’’ is interpret-
able only from where the speaker is located. Additional
constraints made it impossible for the speaker in critical
trials (nonshared-perspective) to appear at the 0 degree
location (shared-perspective), and for the speaker in
shared trials to appear at the 180 degree location (nonsh-
ared-perspective). In the end, the 20 critical trials consisted
of 4 trials each at the 90 and 270 degree position, and 12 at
the 180 degree position. The same was true for the 20
shared-perspective trials, except now with 12 trials at
the 0 degree position. Finally, for trials at the 90 and 270
degree positions, and separately at the 0 and 180 degree
positions, there were an equal number of folders oriented
top-right and top-left diagonally, and from each direction
type. Trials at the 0 and 180 degree position also included
the horizontal and vertical orientations.

2.3. Results

To ensure that participants were committed to the task,
we identified suspicious behavior like random guessing
and excessive delays. Guessing is evident in the shared-
perspective trials where a response to the partner’s direc-
tions should always converge on a single folder. If this tar-
get folder was not selected, then the response was flagged
as an error. Furthermore, if a trial lasted for more than ten
seconds, it too was flagged. Participants who made two or
more errors were excluded. A total of eight participants, or
8.98% overall, were removed. In addition, 101 trials, or
3.16% overall, were removed because the response time
to select a folder exceeded three standard deviations above
the mean (i.e., greater than 3986 ms).

2.3.1. Patterns of egocentric and other-centric responders
Based on the consistency of responses across critical

trials, participants were classified as egocentric, other-cen-
tric, or mixed responders. To identify category member-
ship, we computed proportions of egocentric and other-
centric trials for each participant. If proportion scores ex-
ceeded 0.70 for one of the two response categories, then
the participant was considered to be a member of that cat-
egory. Participants scoring below 0.70 were labeled as
mixed responders. There were only 8 (or 9.76%) mixed
responders. Participants tended to be on the extreme ends
of a bimodal distribution, with 31 participants (38.80%)
classified as egocentric and 43 participants (52.44%) as
other-centric. However, this difference was not statistically
significant, {2(1) = 1.95, p = 0.16.

2.3.2. Greater processing costs in taking another’s perspective
In this analysis, we evaluate whether other-centric

responders are mentally rotating to their partner’s visual
perspective. To do so requires the participants to rotate from
their own spatial frame of reference, located at ground posi-
tion 0�, to the partner’s perspective that is located at position
90�, 180�, or 270�. This rotation should be increasingly diffi-
cult the further the rotation is from the personal frame of
reference (Michelon & Zacks, 2006; Miller & Johnson-Laird,
1976; Presson & Montello, 1994; Shepard & Metzler, 1971;
Zacks, Vettel, & Michelon, 2003). Thus, when the partner is
rotated 180� (directly across from the participant) there will
be greater processing difficulty than when the partner is ro-
tated 90� (at a ground position of 90� or 270�). Because this
behavior is expected to occur just with other-centric
responders, processing times at each of the ground positions
should also be much higher when compared to egocentric
responders.

We used a linear mixed-effects model4 to evaluate re-
sponse time differences across degree of rotation (within-
subjects factor; three levels: 0� vs. 90� vs. 180�) and respon-
der type (between-subjects factor; two levels: consistent
egocentric vs. consistent other-centric). It is important to
note that the rotated position at 90� also includes trials at
270� because both positions require equivalent degrees of
rotation. To simultaneously account for random variance
due to participants and items, ‘‘participant’’ was added as
a random effect, as well as folder orientation (e.g., horizon-
tal, diagonal, and vertical), and verbal directions



Fig. 2. The critical trial response times and standard errors of egocentric and other-centric responders at 90 and 180 degrees of partner rotation, and
shared-perspective response times at 0 degrees of rotation. For each increase in rotation, other-centric responders take much longer than egocentric
responders. Other-centric responders are also slower than egocentric responders at each degree of rotation (Section 2.3.2), including shared-perspective
response times at 0 degrees of rotation and 90 degrees of rotation (Section 2.3.4). Furthermore, other-centric critical and shared-perspective response times
at 90 degrees of rotation are nearly identical (Section 2.3.4). Note: Statistical significance is coded as: ⁄p < .05, ⁄⁄p < .01, ⁄⁄⁄p < .001.
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(‘‘e.g., ‘‘right,’’ ‘‘left,’’ ‘‘front,’’ and ‘‘back’’). As an additional
precaution that would control for practice effects, models
with and without trial number were compared using a
log-likelihood ratio test as recommended by Baayen (2008)
and Quene and van den Bergh (2008). The addition of trial
number resulted in a model with a better overall fit, and
was therefore included as another random effect.5

The overall model revealed a statistically significant
main effect for degree of rotation, F(2, 1424.03) = 48.62,
p < .001, a significant main effect for responder type
F(1, 66.75) = 7.72, p = .007, and a significant interaction be-
tween the two factors, F(2, 2066.31) = 2066.31, p = .001.
Given the significant interaction, follow-up simple main
effects were conducted across degree of rotation for ego-
centric and other-centric responders. For other-centric
responders, there was an overall significant effect,
F(2, 1562.86) = 54.02, p < .001, resulting from increased
cognitive processing across degree of rotation (see Fig. 2).
Planned comparisons show significant difference between
0� and 90� (mean difference = 172 ms6), p < .01, Cohen’s
d = .17; and between 90� and 180� (mean differ-
ence = 164.66 ms), p < .01, d = .27. For egocentric responders,
although no significant increase was expected, these partic-
ipants also appear to consider some aspect of the partner’s
5 These random effect variables are included in all subsequent mixed-
effects analyses. The specific model used here was chosen to give a
conservative unbiased evaluation of the dependent variables, following
established parameter specification techniques (Baayen, 2008; Baayen,
Davidson, & Bates, 2008; Quene & van den Bergh, 2008).

6 All reported and plotted means are the estimated marginal means that
have been adjusted by linear mixed-effects models to remove random
variance due to participant, item, and practice effects. The estimated
marginal means are those used by the model to derive inferential statistics,
and represent a better, unbiased account of outcome response patterns.
changing location, F(1, 1792.42) = 9.12, p < .001, but only
when location shifted from 0� to 90� (mean differ-
ence = 123 ms), p < .01, Cohen’s d = .05. Yet, it is clear that
other-centric responders are engaged in greater cognitive
work, as the average linear increase of response time for
other-centric responders was much higher than that of ego-
centric responders. To demonstrate this overall increase, an
additional mixed-effects model was computed with re-
sponse time regressed on degree of rotation, now coded as
a continuous factor (e.g., ‘‘1’’, ‘‘2’’, and ‘‘3’’). The slope of
the linear regression line for other-centric responders,
b = 170.93, is much steeper than that of egocentric respond-
ers, b = 75.67, F(2, 1637.83) = 65.69, p < .001.

The other-centric response times at each of the three
ground positions (0�, 90�, and 180�) were also significantly
higher than those of egocentric responders. A series of
analyses based on the overall model confirmed that at 0
degrees of rotation, other-centric responders were
183 ms slower, F(1, 78.36) = 3.57, p = .06 (marginal),
d = 0.37; at 90 degrees of rotation, other-centric respond-
ers were 232 ms slower, F(1, 92.07) = 5.29, p = .02,
d = 0.40; and at 180 degrees of rotation, other-centric
responders were 361 ms slower, F(1, 79.06) = 13.81,
p < .001, d = 0.50. Taken together with the previous results,
even though egocentric responders appear to be affected at
some level by the locational changes of the recorded
speaker, other-centric responders are taking on the addi-
tional processing costs of mental rotation.
2.3.3. Greater processing complexity and competition for
other-centric responders

As participants use their mouse cursor to select a
folder, fine-grained changes in the decision movement



Table 1
Study 1: Means and standard errors for directional shifts, maximum deviation, and acceleration components at 0, 90, and 180 degrees of rotation.

Rotation Directional shifts Maximum deviation Acceleration components

Ego Other Ego Other Ego Other

0 1.23 (.06) 1.47 (.05) 12.16 (1.58) 18.83 (2.27) 8.78 (.23) 10.29 (.23)
90 1.32 (.07) 1.65 (.07) 11.12 (1.46) 25.64 (2.16) 9.79 (.34) 11.22 (.30)
180 1.36 (.07) 2.07 (.07) 8.45 (.77) 23.15 (1.54) 9.70 (.29) 12.17 (.29)
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are captured. These changes reflect processing complexity
and competition as a decision is made. Here, we consider
three trajectory measures of complexity and competition:
directional shifts in motion, maximum deviation, and accel-
eration components. Directional shifts occur when the
mouse cursor switches direction along the x- or y-axis,
depending on the orientation of the folders. For example,
as a participant moves from the bottom of the screen to a
folder, they might change their mind and move towards
the other folder. This change will be reflected in a flip
of direction along the axis in which folders are arranged
(x-axis for diagonal and horizontal; y-axis for vertical).
We can also measure the strength of the initial bias that
brought about the directional flip. Because the visually
co-present folders in the horizontal and diagonal config-
urations are laid out side-by-side along the x-axis, and
the initial location of the cursor at the bottom of the
screen is set equidistantly between the two folders,
(x, y = 0, 0), we can measure the maximum deviation
away from 0 that the trajectory is ‘‘pulled’’ (also see Spi-
vey & Dale, 2006). Here, ‘‘pull’’ is toward the competitor
folder, as would be the case for other-centric responders
that move towards the ‘‘egocentric’’ folder while making
a final selection. Presumably, the further responders
travel towards the egocentric folder en route to their
final selection, the stronger the bias to respond egocentri-
cally (or other-centrically in the case of egocentric
responders).

Alternatively, uncertainty and competition in selecting
a folder can occur without directional change along an axis.
In this scenario, a participant makes an initial confident re-
sponse towards one folder, but slows down, and then
speeds up, as they deliberate about their final response.
The acceleration component measures the number of such
response hesitancies (Dale & Duran, in press). All three
measures supplement reaction time by providing further
evidence of the increased cognitive effort associated with
being other-centric.

2.3.3.1. Directional shifts. As with the reaction time data, a
mixed-effects analysis was conducted with degree of rota-
tion and responder type as fixed effects. Both main effects
were statistically significant (both at the p = .001 level), as
was the interaction term F(1, 1938.59) = 8.55, p < .001.
Based on the means reported in Table 1, the directional
shifts for other-centric responders appear to increase with
degrees of rotation. This pattern was validated with a sim-
ple effects analysis, F(2, 1418.71) = 31.97, p < .001, with
significant increases from 0� to 90� (mean difference = 0.18
shifts), p = .04, d = .15 and from 90� to 180� (mean differ-
ence = 0.42 shifts), p < .001, d = .32. For egocentric respond-
ers, there were no statistically significant increases.
Further comparisons also show that the other-centric
responders had more shifts than egocentric responders at
each of the three ground positions: 0� (mean differ-
ence = 0.24 shifts), F(1, 103.19) = 3.03, p = .08 (marginal),
d = .27; 90� (mean difference = 0.33 shifts), F(1154.83) =
4.83, p = .03, Cohen’s d = .36; and 180� (mean differ-
ence = 0.71 shifts), F(1, 106.38) = 26.43, p < .001, Cohen’s
d = .49.

2.3.3.2. Maximum deviation. The main effect for responder
type was significant, p < .001, as well as a significant inter-
action between responder type and degree of rotation,
F(2, 1693.31) = 3.41, p = .03. For other-centric responders,
there was greater movement toward a competitor folder
between 0 and 90 degrees of rotation (mean difference =
6.81 pixels), p = .004, d = .17. For egocentric responders,
there were no equivalent movements. The comparisons
at each of the ground positions also show that other-
centric responders deviate more toward the competitor
folder at 0� (mean difference = 6.67 pixels),
F(1, 153.06) = 4.31, p = .04, Cohen’s d = .17; at 90� (mean
difference = 14.52 pixels), F(1, 218.63) = 16.89, p < .001,
d = .48; and at 180� (mean difference = 14.71 pixels),
F(1, 83.19) = 10.83, p < .001, d = .62.

2.3.3.3. Acceleration components. Both main effects were
statistically significant (degree of rotation, p < .001; re-
sponder type, p = .01), as was the interaction term,
F(2, 1937.42) = 3.11, p = .04. Follow-up analysis on the
interaction shows an increase for other-centric responders
across each degree of rotation, F(2, 1740.46) = 4.89,
p = .008; with the planned comparison between 0� and
90� being significant (mean difference = 0.93 components),
p = .004, d = .10, and the comparison between 90� and 180�
also significant (mean difference = .95 components),
p = .004, Cohen’s d = .18. We also found a significant in-
crease of acceleration components for egocentric respond-
ers, F(2, 1569.07) = 21.59, p < .001, but only for the planned
comparison between 0� and 90�, mean difference = 1.00
components, p = .01, d = .12. Finally, other-centric respond-
ers exhibited more acceleration components at each of the
three ground positions: 0� (mean difference = 1.51 compo-
nents), F(1, 82.09) = 4.06, p = .05, d = .37; 90� (mean differ-
ence = 1.43 components), F(1, 100.54) = 3.32, p = .07
(marginal), d = .32; and 180� (mean difference = 2.47 com-
ponents), F(1, 83.19) = 10.83, p = .001, d = .43.

Overall, the trajectory measurements provide a more
detailed evaluation of the decision dynamics that occur
during the time required to initiate and finalize a response
movement. For each measure, the decision to be other-
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centric is marked by greater instability, and that the activa-
tion of the competitor response, e.g., the egocentric option,
is strongest for other-centric responders. Moreover, the
processing difficulty associated with mentally rotating to
a partner’s visual perspective is amplified the further
respondents must travel in the rotation. This latter finding
generally holds for other-centric response behavior, with
the exception of maximum deviation from ground posi-
tions 90� to 180� (although the increase from 0� to 180�
was statistically significant, p = .01). And like the overall
response time analysis, there was some evidence that the
partner’s changing location added some complexity to ego-
centric responding, but only with acceleration components
between 0 and 90 degrees of rotation. There were no
equivalent effects with directional shifts and maximum
deviation.

2.3.4. Perspective-taking during shared trials
In the previous response time analysis (Section 2.3.2

above), the 0-degree rotated position was included as a
baseline in which participant and their partner shared
the same view of the table (and consequently, visual per-
spectives were aligned). At 0� there is no need to mentally
rotate; thus, other-centric response times may be similar
to that of egocentric responders. However, as evident by
the 183 ms difference, other-centric responders are some-
what slower. This result suggests other-centric responders
are continuing to consider their partner’s perspective, even
when it is unnecessary to do so. As further evidence, we
compared the shared-perspective trials of egocentric and
other-centric responses at 90 degrees of rotation. If
other-centric responders are mentally rotating and ego-
centric responders are not, then other-centric responders
will again be slower. Indeed, this result was confirmed,
(mean difference = 207 ms); F(1, 90.44) = 5.24, p = .02,
d = .29 (see Fig. 2). Finally, we assessed just other-centric
responses during shared-perspective and critical trials
at 90 degrees of rotation. Unlike the critical trials,
the shared-perspective trials present a situation where
the perspectives of participant and partner converge on
the same folder. These trials may be easier because there
is no conflict between perspectives (‘‘your right’’ or ‘‘my
right’’), thus there is no need for other-centric participants
to inhibit activation from their own perspective (‘‘my
right’’). However, the response times for critical and
shared-perspective trials were nearly identical, (shared:
M = 1756 ms, SE = 44 ms; critical: M = 1792 ms,
SE = 38 ms); p > .10, suggesting that other-centric respond-
ers are continuing to mentally rotate, even when the visual
context does not place any demands on them to do so.

2.4. Brief discussion

Given an ambiguous spatial perspective task, partici-
pants exhibit an almost equivalent preference in taking
an egocentric or other-centric perspective. This commit-
ment to any one perspective is a consistent mode of
responding that persists over an extended interaction with
an assumed social partner. Furthermore, we show that
other-centric responders are spontaneously choosing what
is a more cognitively challenging behavior. To take an-
other’s perspective, responders are mentally rotating to
the spatial location of their partner. In doing so, they are
quite literally taking on the visual perspective of their part-
ner. Not only does this process take longer the greater the
required rotation, but it is also marked by signatures of
processing complexity. Even so, more than half of the par-
ticipants in this study chose to accommodate the perspec-
tive of their partner – a partner that participants know to
be a mere simulation.
3. Study 2: Perspective-taking modulated by
attributional cues

To respond other-centrically, participants appear to be
engaging in a pattern of behavior that optimizes the under-
standing of the other. Although the ‘‘other’’ in the current
context has no need or ability to understand, participants
still adhere to principles of collaboration, an apparent de-
fault for social interaction. Thus, when a partner is unable
to contribute equally to the collaboration, the more adept
partner expends greater effort to do what the other cannot
(Branigan, Pickering, Pearson, & McLean, 2010; Brennan,
1990). Of course, the question still remains: why then do
a large proportion of participants still act egocentrically?
One possibility is that the constraints in Study 1 are simply
insufficient. These constraints lack the force to trigger
attributions that are necessary for other-centric respond-
ing (Clark & Schaefer, 1989; Clark & Wilkes-Gibbs, 1986;
Wilkes-Gibbs & Clark, 1992). Such ineffectiveness might
be due to responders who have a high criterion for estab-
lishing a collaboration or noticing when a collaboration be-
comes unbalanced. Either way, by introducing a potentially
more relevant constraint, or attributional cue, the rate of
other-centric responding should dramatically increase.
However, if responders are ignoring the other as irrelevant,
and acting solely to minimize their own cognitive effort,
then the additional cue should have little effect on the
overall pattern of perspective-taking behavior.

In Study 2, we chose an additional attributional cue that
would be relevant only if participants were treating the
simulated speaker as a potential collaborator. As such, we
simply informed participants that their partner does not
know where they are seated at the table. Now, when the
participant hears a verbal direction like, ‘‘Give me the
folder on the right,’’ the interpretation must take into ac-
count that the partner’s knowledge state precludes the
possibility of ‘‘on the right’’ meaning the participant’s
‘‘right’’. The partner can only give directions from her
own perspective; thus, the participant should respond
other-centrically. In addition, using the same cognitive
measures, we consider whether this additional cue to be
other-centric makes an other-centric response easier, or
continues to be the more difficult option.
3.1. Participants

We recruited 96 participants using Amazon’s Mechani-
cal Turk. Each was compensated with a small monetary
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payment (40 cents). The participants’ IP addresses were
also different from those in Study 1.

3.2. Method

The only difference from Study 1 is a slight change in
the initial instructions. We now include the statement:
‘‘Your partner DOES NOT know where you are seated.’’
All other aspects of the experiment were identical.

3.3. Results

We removed 15 participants, or 15.62% overall, who ap-
peared to be randomly guessing on shared-perspective tri-
als, or took an excessive amount of time to answer (greater
than 10 s). We also removed 61 trials, or 2.62% overall, that
were three standard deviations above the response time
mean for selecting an initial folder (i.e., 3634 ms).

3.3.1. Patterns of egocentric and other-centric responders
If participants are considering what their partner

knows, it is expected that the introduction of a more per-
spicuous attributional cue will shift the distribution of con-
sistent responders toward other-centric. Indeed, there was
evidence of this effect. Based on the proportion of response
type over critical trials, 18 (22%) participants consistently
responded egocentrically on more than 70% of the trials,
and 60 (74%) participants consistently responded other-
centrically. This difference between other-centric and ego-
centric responders was significant, {2(1) = 22.62, p < .001.
Only 3 (3.7%) participants were mixed responders (see
Fig. 3). Furthermore, not only was there a difference of
other-centric and egocentric responding within Study 2,
but when compared against Study 1, other-centric
Fig. 3. Distribution of egocentric and other-centric responders across the
three studies. For Study 2, there are a greater number of other-centric
responders and fewer egocentric responders when compared to Study 1.
For Study 3, this pattern is reversed, with a greater number of egocentric
responders and fewer other-centric responders when compared to Study
2 and Study 1.
responders increased by 22%, {2(1) = 6.82, p < .01, whereas
egocentric responders decreased by 16%, {2(1) = 4.21,
p = .04.

3.3.2. Greater processing costs in taking another’s perspective
A linear mixed-effects model wth response time as the

dependent variable revealed a significant interaction be-
tween rotation and responder type, F(2, 2193.62) = 7.19,
p = .001. Starting with a closer examination of other-
centric responders, the linear increase across 0�, 90�, and
180� was statistically significant, F(2, 1061.13) = 44.19,
p < .001. Planned comparisons show a marginally signifi-
cant increase between 0� and 90� (mean differ-
ence = 59 ms), p = .07, d = .10; and between 90� and 180�
(mean difference = 202 ms), p < .001, d = .32 (see Fig. 4).
For egocentric responders, there was an overall marginally
significant increase, F(2, 2019.48) = 2.42, p = .09, but was
confined to the increase from 0� to 90�, mean differ-
ence = 120 ms, p = .04, d = .13. To evaluate whether this
egocentric increase was equivalent to the other-centric in-
crease, we regressed reaction time on degree of rotation,
with degree of rotation coded as a continuous variable.
As expected, the fitted regression lines were significantly
different, with other-centric rising on average 132 ms
and egocentric only rising 47 ms, F(2, 1904.15) = 44.70,
p < .001.

Interestingly, in the between-subjects analysis at each
degree of rotation, other-centric responders took much
longer to respond than egocentric responders at two of
the three ground positions (Fig. 4). Follow-up comparisons
show statistically significant differences at 0� (mean differ-
ence = 203 ms), F(1, 88.01) = 2.91, p = .09 (marginal),
d = .28; and at 180� of rotation (mean difference = 380 ms),
F(1, 90.35) = 9.99, p = .002, d = .46.

3.3.3. Processing complexity and competition for other-centric
responders

Separate mixed-effects models were built with each of
the three trajectory measures as dependent variables. The
measures, and their descriptives, are displayed in Table 2.

3.3.3.1. Directional shifts. The interation for the overall
model was statistically significant, F(2, 2094.61) = 3.60,
p = .03. With this measure, other-centric responders had
more shifts across rotated positions, F(2, 2092.19) = 19.85,
p < .001, particularly between 0 and 90 degrees rotation,
mean difference = .341 shifts, p < .001, d = 28. And, as in
the previous analysis, other-centric responders had more
shifts than egocentric responders at each ground position:
at 0� (mean difference = .494 shifts), F(1, 108.16) = 8.81,
p = .004, d = .42; at 90� (mean difference = .449 shifts),
F(1, 150.56) = 6.13, p = .01, d = .36; and at 180� (mean dif-
ference = .796 shifts), F(1, 115.24) = 22.15, p < .001, d = .58.

3.3.3.2. Maximum deviation. Only a statistically significant
main effect for degree of rotation was found for this study,
F(2, 1827.93) = 4.19, p = .02, d = .25, showing a significant
increase of 6.73 deviations from 0 to 90 degrees of rotation.

3.3.3.3. Acceleration components. A statistically significant
main effect for degree of rotation, F(2, 2092.22) = 2.27,



Fig. 4. The critical response times and standard errors of egocentric and other-centric responders at 90 and 180 degrees of partner rotation, and shared-
perspective response times at 0 degrees of rotation. Between 0–90�, and 90–180�, other-centric responders take more time, whereas egocentric responders
increase from 0� to 90� (Section 3.3.2). However, other-centric responders are overall slower than egocentric responders (Section 3.3.2), including shared-
perspective response times at 0 degrees of rotation (Section 3.3.4). Furthermore, other-centric critical and shared-perspective response times at 90 degrees
of rotation are nearly identical (Section 3.3.4).

Table 2
Study 2: Means and standard errors for directional shifts, maximum deviation, and acceleration components at 0, 90, and 180 degrees of rotation.

Rotation Directional shifts Maximum deviation Acceleration components

Ego Other Ego Other Ego Other

0 1.13 (.07) 1.63 (.05) 14.28 (3.66) 17.84 (1.46) 9.15 (.34) 11.24 (.23)
90 1.22 (.09) 1.67 (.57) 17.15 (4.65) 28.44 (2.47) 9.77 (.43) 11.25 (.26)
180 1.21 (.09) 2.01 (.56) 17.22 (4.39) 25.46 (1.59) 9.96 (.35) 12.72 (.25)
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p < .001, revealed an increase from 90� to 180� (.32 compo-
nents), d = .27. Also, a statistically significant main effect
for responder type, F(1, 72.44) = 6.72, p = .01, verified that
other-centric responders overall had 2.11 more compo-
nents than egocentric responders, d = .48.
3.3.4. Perspective-taking in shared trials
The 0-degree rotated position represents shared per-

spectives where there is no need to mentally rotate. De-
spite this, other-centric responders still engage in greater
cognitive work, as they are 203 ms slower than egocentric
responders (see Section 3.3.2 above). When comparing the
shared-perspective trials of egocentric and other-centric
responses at 90 degrees of rotation, again, other-centric
responders are slower by 172 ms; however, this effect is
not statistically significant (Fig. 4). But importantly, the
other-centric response times during shared-perspective
and critical trials at 90 degrees of rotation did not vary.
Similar to Study 1, this result suggests that other-centric
responders are consistent across trial types, apparently en-
gaged in a stable strategy of considering the perspective of
their partner.
3.4. Brief discussion

When the attributional cues in a communicative con-
text are made more obvious, participants use this informa-
tion to shape their perspective-taking choice. Here, a
participant is told that a partner does not know their loca-
tion (and thus must infer that the partner is unable to take
their perspective). This information was sufficient to bias
nearly two-thirds of the participants to an other-centric
mode of responding. By doing so, participants are taking
on the visuospatial perspective of their partners in assess-
ing how to optimally respond. Furthermore, this mode is
sustained throughout the trials, despite the finding that
this behavior is comparatively more difficult than egocen-
tric responding, as it was in Study 1 (based on response
time and complexity measures).
4. Study 3: Perspective-taking under the assumption
that the direction-giver is ‘‘real.’’

Thus far, we have argued that participants adhere to
principles of collaboration when interacting with a simu-
lated partner. Moreover, fundamental attributions about
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the speaker’s inability to collaborate tend to lead to greater
other-centric responding. In Study 3, we examine this
claim in greater detail by now asking: what if participants
were to interact with a seemingly real human partner? To
achieve this pretense, we use the same experimental stim-
uli as in Study 1, but add a short, interactive introduction
to convince participants that they are connected to a real
human being.

In this new scenario, participants have a potentially col-
laborative partner who can be held responsible for ensur-
ing mutual understanding. And because the partner is
initiating the request, and is the one that wants the folder,
the burden of collaboration is likely shifted to the speaker
– at least to a greater extent than in Study 1 and 2. In these
previous studies, there was no way for the recorded speak-
er to know the participant’s perspective, by virtue that the
speaker was removed in space and time. And because they,
the participants, were the only ones able to adopt an other-
centric perspective, they seemingly obliged. In this study
we remove the partner’s previous limitations, and expect
the new attributional information to lead to greater ego-
centric responding.

4.1. Participants

Eighty participants were recruited from Amazon’s
Mechanical Turk and were paid 75 cents for their partici-
pation. The increase in payment is due to an increase of
about 5 min needed to complete the introductory stage
of the study. The participants’ IP addresses were also dif-
ferent than those in Studies 1 and 2.

4.2. Method

The major addition from Study 1 was to lead partici-
pants into thinking that they were remotely connecting
to another Mechanical Turk ‘‘worker’’ or Mechanical Turk
‘‘requester’’ (counterbalanced across participants). To
establish this ruse, we began with slight modifications in
how the study was advertised on Mechanical Turk, as well
as in the wording of the initial instructions. Both were al-
tered to provide a cover story that we (i.e., the ‘‘Request-
ers’’) were testing software that would allow users to
engage in real-time audio communication within a Flash-
based environment. However, because we were in ‘‘the
early stages of development,’’ the audio could only be
transmitted one-way. Nevertheless, we were most inter-
ested in the ability to connect two users, and to have these
users perform a joint activity within a shared virtual space.
And identical to Study 1, the instructions went onto ex-
plain that the activity would require participants to move
simulated folders in response to a direction-giver’s verbal
requests. But unlike Study 1, before participants could pro-
ceed, they had to first engage in an extended process of
connecting to what would appear to be a ‘‘real-life’’
partner.

In this second step of the introductory stage, partici-
pants were directed to press a large button labeled: ‘‘CLICK
TO CONNECT.’’ Upon clicking, participants were taken to a
screen with the message ‘‘Connecting to another Turk user,
please wait a few seconds. . .’’ or ‘‘Connecting to a Reques-
ter, please wait a few seconds. . .’’ displayed near the top.
The ellipses in the message above flashed every 500 ms
to mimic dynamic updating as the software attempted to
‘‘connect’’ to an outside worker or requester. After approx-
imately 5000 ms, the ellipses stopped blinking and a new
screen appeared with the word ‘‘CONNECTED’’ in the upper
right-hand corner, and with an empty text box in the mid-
dle of the screen. After a brief delay, the male voice in the
previous experimental phases of Studies 1 and 2 began to
speak in the same tone and volume as in the experimental
trials. This male partner reiterated information from the
written instructions, which was that he alone could trans-
mit audio but was unable to receive audio from the partic-
ipant. Next, to (ostensibly) ensure that there was indeed a
connection, the male partner then asked the participant to
type the code word ‘‘CAT’’ into the empty text box and
press the ENTER key. If an incorrect code word was given,
the partner repeated the code word with a slightly differ-
ent intonation. Once the male partner ‘‘received’’ the cor-
rect code word, thereby indicating to the participant that
the partner could hear him or her, the partner stated that
the instructions allowed both of them to proceed. The par-
ticipant then clicked a button to begin the identical exper-
imental task employed in Studies 1 and 2.

At the completion of the experimental task, several fol-
low-up questions were asked to ensure that the partici-
pants believed that they had been connected to a real-life
Turk worker or requester. The first and second questions
were open-ended responses, with the first question
addressing general comments and feedback about the
Mechanical Turk task, and the second question asking,
‘‘How did you feel about your interaction with your part-
ner?.’’ The third and fourth questions were yes or no re-
sponses, asking, ‘‘Did you FEEL like you were connected
to an actual person?,’’ and ‘‘Did you BELIEVE you were con-
nected to an actual person?.’’ Each question was presented
in isolation on separate screens.

4.3. Results

We discarded trials from participants who responded
that they did not feel/believe that they were connected
to a real person, or if a participant indicated in any way
that they thought their partner was simulated (e.g., ‘‘it
sounded like a recording,’’ ‘‘the person was a fake’’). We
achieved a 75% deception rate in this modified task, with
60 out of the 80 participants seemingly convinced that
the virtual confederate was indeed a real person.

There were no participants who appeared to be ran-
domly guessing, but one participant did have several trials
that exceeded the maximum time limit of ten seconds. This
participant was removed. Furthermore, 60 trials, or 2.58%
overall, were removed because they exceeded three stan-
dard deviations above the response time mean for select-
ing an initial folder (i.e., 3892 ms).

4.3.1. Patterns of egocentric and other-centric responders
The introduction of a seemingly real partner should

change the collaborative attributions that can be made.
In the earlier studies, the partner was an ineffectual collab-
orator, forcing participants to take on the additional work
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of being other-centric. Now, the partner is capable of carry-
ing the load, allowing participants to delegate work to the
partner. In this study, there were 38 (64%) egocentric
responders, 17 (29%) other-centric responders, and 4 (7%)
mixed responders (based on 70% or more of trials being
consistently ego- or other-centric). Thus, there is a higher
rate of egocentric responding, {2(1) = 8.02, p = .004, sug-
gesting participants were indeed sensitive to the new attri-
butional cues. In comparison, the 20 participants who
reported having a simulated partner, and therefore less
influenced by the attributional information, were also less
likely to respond egocentrically, with a response rate that
decreased by 22%.

Lower rates of egocentric responding were also evident
in Studies 1 and 2. Compared to the current result, there
was a 27% decrease of egocentric responding in Study 1,
{2(1) = 6.93, p = .008; and a 42% decrease for Study 2,
{2(1) = 20.55, p < .001. Conversely, in comparing rates of
other-centric responding across studies, there was a 24%
increase for Study 1, {2(1) = 6.87, p = .009; and a 45% in-
crease for Study 2, {2(1) = 20.62, p < .001.
4.3.2. Greater processing costs in taking another’s perspective
A significant main effect was found for degree of rota-

tion and responder type, both at the p < .001 level. Impor-
tantly, the interaction term was also significant,
F(2, 1594.32), p = .004 (see Fig. 5). Simple main effects for
degree of rotation at egocentric and other-centric respond-
ers showed statistically significant increases of response
time for both responder types across degree of rotation:
other-centric responders, F(2, 1594. 61) = 28.16, p < .001,
and egocentric responders, F(2, 1593.66) = 14.74, p < .001.
These increases occured from 0� to 90�, with other-centric
Fig. 5. The critical response times and standard errors of egocentric and other-c
perspective response times at 0 degrees of rotation. Between 0–90�, and 90–180�
increase from 0� to 90�. However, other-centric responders are generally slower
response times at 0 degrees of rotation (Section 4.3.4). Furthermore, other-centr
are nearly identical (Section 4.3.4).
responders 208 ms slower, p < .001, d = .25; and egocentric
responders 78 ms slower, p = .03, d = .08. There were also
increases from 90� to 180�, with other-centric responders
167 ms slower, p = .004, d = .25; and egocentric responders
99 ms slower, p = .007, d = .18. Although both egocentric
and other-centric responders showed an upward trend
across degree of rotation, the cognitive costs of mental
rotation enacted a greater cost on other-centric respond-
ers. This is evident in the comparison of the fitted regres-
sion lines, whereby other-centric responders had a
steeper rise in response times, b = 195 ms, than that of
the egocentric response times, b = 88 ms, F(2, 1353.19) =
48.73, p < .001.

And lastly, simple main effects for responder type at
each ground position also show that other-centric
responders required more time to respond at 0� (mean dif-
ference = 339 ms), F(1, 63.15) = 9.51, p = .003, d = .64; at
90� (mean difference = 468 ms), p < .001, d = .76; and at
180� (mean difference = 537 ms), p < .001, d = .77.
4.3.3. Greater processing complexity and competition for
other-centric responders
4.3.3.1. Directional shifts. The main effect for degree of rota-
tion was statistically significant, F(2, 1541.61) = 6.96,
p = .001, as was the main effect for responder type,
F(1, 51.51) = 4.82, p = .03. Thus, the increase from 0� to
90� (.08 shifts) and from 90 to 180 (.161 shifts) showed
increasing difficulty that is similar for egocentric and
other-centric responders; and, overall, the other-centric
responders still had more shifts then egocentric responders
(see Table 3). However, the interaction term in this model
was not statistically significant.
entric responders at 90 and 180 degrees of partner rotation, and shared-
, other-centric responders take more time, whereas egocentric responders
than egocentric responders (Section 4.3.2), including shared-perspective

ic critical and shared-perspective response times at 90 degrees of rotation



Table 3
Study 3: Means and standard errors for directional shifts, maximum deviation, and acceleration components at 0, 90, and 180 degrees of rotation.

Rotation Directional shifts Maximum deviation Acceleration components

Ego Other Ego Other Ego Other

0 1.14 (.05) 1.41 (.09) 9.08 (1.14) 16.22 (2.25) 9.23 (.22) 11.56 (.47)
90 1.16 (.07) 1.54 (.12) 9.02 (1.13) 24.01 (3.13) 9.71 (.32) 13.00 (.69)
180 1.29 (.06) 1.73 (.10) 9.73 (.93) 21.64 (2.25) 10.39 (.27) 12.71 (.59)
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4.3.3.2. Maximum deviation. Both main effects and the
interaction were statistically significant. With further anal-
ysis of the interaction, F(2, 1339) = 3.34, p = .04, simple
main effects for degree of rotation at responder type show
that only other-centric was statistically significant,
F(2, 1330.17) = 4.88, p = .008, with the greatest deviation
occuring from 0 to 90 degrees of rotation (mean differ-
ence = 7.79 pixels), p = .003, d = .30. Simple main effects
for responder type at degree of rotation also show that
other-centric responders had greater deviation toward
the competitor response at 0� (mean difference = 7 pixels),
F(1, 87.31) = 4.97, p = .03, d = .30; at 90� (mean differ-
ence = 15 pixels), F(1, 117.61) = 18.80, p < .001, d = .66;
and at 180� (mean difference = 12 pixels),
F(1, 95.14) = 13.22, p < .001, d = .56.

4.3.3.3. Acceleration components. Again, both main effects
were statistically significant, but the interaction term was
not. Interpreting the main effects, there is an overall in-
crease from 0� to 90� (.96 components) and from 90� to
180� (.67 components), F(2, 1168.43) = 16.56, p < .001.
There is also a greater number of acceleration components
for other-centric responders (12.76 components) than ego-
centric responders (9.78 components), F(1, 51.30) = 7.38,
p = .009.

4.3.4. Perspective-taking during shared trials
As reported in Section 4.3.2 above, and shown in Fig. 5,

at 0 degrees of rotation the response times for other-
centric responders were 339 ms slower than egocentric
responders. For shared trials at 90 degrees of rotation,
other-centric responders are again slower, now by
365 ms, F(1, 52.35) = 8.55, p = .005, d = .54. Furthermore,
there were no statistically significant differences between
shared and critical trials at 90 degrees of rotation. Taken
together, these results provide further evidence that
other-centric responders are continuing to mentally rotate
even when it is not necessary to do so.

4.4. Brief discussion

In Studies 1 and 2, participants interacted with a re-
corded speaker who was unable to share in the work of
forging mutual understanding. In the current study, the
same speaker now has the potential to be a viable contrib-
utor who shares the participant’s goals of collaboration. If
participants are sensitive to this information, and are will-
ing to act on it, then previous demands that led to other-
centricism are largely diminished. As such, the expected
result is a greater percentage of egocentric responders. In-
deed, this was found. There was a significant increase of
egocentricism when compared to Studies 1 and 2. But like
these earlier studies, there were still some who chose to be
other-centric – nearly a third of the participants. Like the
egocentric participants in Study 1 who appeared to have
a stricter criterion for when they would take another’s per-
spective, the other-centric participants in this study might
also need more evidence that the speaker is acting with
them in mind (thereby allowing the participants to be ego-
centric). Interestingly, the cognitive ease associated with
taking an egocentric perspective does not seem to matter.
The other-centric responders still continued to expend
more cognitive effort, as shown in the mental rotation
analysis for response time, complexity, and competition.
Moreover, this effort was sustained over trials, even when
visual perspectives between participant and speaker were
shared.
5. Additional analysis: Right/left vs. back/front trials

In this paper, we have focused on spatial descriptions
that occurred in two referential systems, one where objects
are situated in terms of one’s own bodily coordinates, and
the other in which an external agent’s coordinates are
adopted. The descriptions were based on a common set
of referential terms, ‘‘right,’’ ‘‘left,’’ ‘‘front,’’ and ‘‘back,’’ that
could be used to distinguish folders relative to the view-
point of either agent. For the right/left terms, a folder occu-
red in conjunction with either an agent’s right or left sides,
thus intrinsic side was sufficient for identification. For
back/front trials, an alternative conceptualization is
needed, as folders were always to an agent’s front. In these
trials, participants are likely assigning the folder nearest an
agent (either themselves or their partner) as being the one
in ‘‘front,’’ or by imposing an intrinsic ‘‘front’’ or ‘‘back’’ to
the folder itself. Either way, different conceptual represen-
tations might lead to different processing costs, with previ-
ous research suggesting that back/front referential terms
are easiest to process (e.g., Franklin & Tversky, 1990).

Our goal in this section is to determine whether the
processing costs of right/left trials substantially vary from
back/front trials; and if so, how this might change our cur-
rent interpretations of cognitive effort in perspective-
taking. To start, we combined the data from Studies 1 to
3 and plotted the response times of egocentric and other-
centric participants’ right/left and back/front trials (which
divides the dataset into two equal parts). Based on visual
inspection alone (see Fig. 6), the bulk of the cognitive work
appears to be carried by the right/left trials. For these ref-
erential terms, there is considerable separation between
egocentric and other-centric response times, and when
compared to egocentric participants, the other-centric par-



Fig. 6. The right/left and back/front critical response times of egocentric and other-centric responders at 90 and 180 degrees of partner rotation, and
shared-perspective response times at 0 degrees of rotation.

Table 4
For Studies 1–3, with back/front and left/right trials, the average increase of
response time across degree of rotation (linear slope) and response time
differences between egocentric and other-centric responders.

All trials

Study 1 Study 2 Study 3

Slope (b) Other 171 ms ⁄⁄⁄ 132 ms ⁄⁄⁄ 195 ms ⁄⁄⁄

Slope (b) Ego 76 ms ⁄⁄⁄ 46 ms 87 ms ⁄⁄⁄

0 (Other–Ego) 183 ms 203 ms 339 ms ⁄⁄

90 (Other–Ego) 232 ms ⁄ 142 ms 468 ms ⁄⁄⁄

180 (Other–Ego) 361 ms ⁄⁄⁄ 380 ms ⁄⁄ 537 ms ⁄⁄⁄

Note: statistical significance is coded as: ⁄ p < .05, ⁄⁄ p < .01, ⁄⁄⁄ p < .001.

Table 5
For Studies 1–3, with just left/right trials, the average increase of response
time across degree of rotation (linear slope) and response time differences
between egocentric and other-centric responders.

Right/left trials

Study 1 Study 2 Study 3

Slope (b) Other 271 ms⁄⁄⁄ 257 ms⁄⁄⁄ 386 ms⁄⁄⁄

Slope (b) Ego 128 ms⁄⁄⁄ 140 ms⁄⁄⁄ 104 ms⁄⁄⁄

0 (Other–Ego) 228 ms⁄ 210 ms 377 ms⁄⁄

90 (Other–Ego) 438 ms⁄⁄ 318 ms⁄ 724 ms⁄⁄⁄

180 (Other–Ego) 620 ms⁄⁄⁄ 703 ms⁄⁄⁄ 990 ms⁄⁄⁄

Note: statistical significance is coded as: ⁄ p < .05, ⁄⁄ p < .01, ⁄⁄⁄ p < .001.

7 These simple effects analyses are based on overall models with
statistically significant interaction terms (p < .05).
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ticipants show a much steeper rise in response times
across degree of rotation. Conversely, the back/front trials
for egocentric and other-centric responders are essentially
the same, with minimal increases over degree of rotation.

The pattern in Fig. 6 does not alter our earlier claims
that there are greater cognitive costs in being other-cen-
tric, and that these costs are marked by time-consuming
visuospatial transformations. However, an update is
needed. When mental transformations do occur, they do
so between the intrinsic ‘‘right’’ and ‘‘left’’ sides of speaker
and participant. This finding also suggests that by combin-
ing right/left and back/front trials, we have inadvertently
weakened the critical effects reported in Studies 1–3. To
examine this possibility, we compare our previous findings
with a new round of analysis using just right/left trials.
Rather than reporting the entirety of the additional statis-
tical testing, we simply report the response time differ-
ences and p values. For example, Table 4 shows a
summary of the results from Studies 1 to 3, including the
average increase of response times across degree of rota-
tion (e.g., slope (b) Other), and the difference in response
times between egocentric and other-centric responders
(e.g., 0 (Other–Ego)). Asterisks by each response time indi-
cate the level of significance. Using the same analytical ap-
proach as before, Table 5 provides a snapshot of the results
when back/front trials are removed. By comparing these
two tables, it is clear that our earlier interpretations from
Studies 1 to 3 still hold. Moreover, an even stronger case
can be made given the response times in Table 5 (without
back/front trials) greatly exceed those shown in Table 4
(with back/front trials),7 and are still significant despite
the considerable loss of statistical power.

Given the improvement for response times, we now
have reason to believe that the use of ‘‘back’’ and ‘‘front’’
directions may have also obscured critical effects in the
trajectory measures. Because trajectory measures are
much more sensitive to subtle changes in response move-
ments, any noise introduced by the back/front trials is
likely to be amplified. This sensitivity might explain why
the trajectory measures across the three studies were not
as robust as the response time results. By removing back/
front trials, we expect the trajectory measures to provide



Table 6
For select trajectory measures, the average increase for each measure across degree of rotation (linear slope) and differences between egocentric and other-
centric responders (right/left trials only). The statistically significant interactions between rotation and responder type are also reported.

Right/left trials

Study 2 Study 3

Maximum deviation Acceleration components Directional shifts Acceleration components

Interaction F(2,993.64) = 2.84, p = .05 F(2,988.63) = 5.49, p = .004 F(2,733.76) = 5.55, p = .004 F(2,731.50) = 11.76, p < .001
Slope (b) Other) 5.57⁄⁄⁄ 1.43⁄⁄⁄ 0.35⁄⁄⁄ 2.33⁄⁄⁄

Slope (b) Ego 1.62 0.09 0.07 0.27
0 (Other–Ego) 2.96 2.05⁄ 0.23 2.49
90 (Other–Ego) 19.81⁄⁄ 2.12⁄ 0.35 4.92⁄⁄⁄

180 (Other–Ego) 16.72⁄ 4.37⁄⁄⁄ 0.83⁄⁄⁄ 6.49⁄⁄⁄

Note: statistical significance is coded as: ⁄ p < .05, ⁄⁄ p < .01, ⁄⁄⁄ p < .001.
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better support for increased complexity and competition in
other-centric response movements.

A new series of analysis was conducted for each of the
three trajectory measures for each of the three studies.
The general trends found in the earlier studies were again
replicated, albeit with increased or similar values for
other-centric responders relative to egocentric responders.
Because of the large number of additional analyses, and gi-
ven that they are consistent with our previous conclusions,
we highlight only those results that had the largest gains.
In these earlier analyses, there were four (out of nine) tra-
jectory measure models that showed no interaction be-
tween degree of rotation and responder type. In the new
analysis, the interaction term for each model is now statis-
tically significant (see Table 6). A follow-up analysis across
degree of rotation reveals evidence of mental rotation for
just other-centric responders. And importantly, follow up
analysis comparing responder type at degree of rotation
(i.e., ground position) shows statistically significant differ-
ences between egocentric and other-centric responders at
several positions.
6. General discussion

In the introduction, we reviewed the extensive work on
the role of perspective-taking in spatial memory and other
forms of linguistic and navigational behavior. Yet, in a so-
cial context, few have looked at the listener’s natural ten-
dencies to disambiguate perspectives in spatial
description. In the studies presented here, we created a
simple communicative context that required participants
to select one of two referents based on a simulated part-
ner’s requests. The scenario is modeled after a hypothetical
situation where a person, standing next to a table, is asked
by someone else for one of two folders that are laid out on
the table. If the person making the request says, ‘‘Give me
the one on the right’’, and is directly across from the stand-
ing person (i.e., addressee), it is unclear if the addressee
should assume their own ‘‘right’’ (an egocentric interpreta-
tion) or the requester’s ‘‘right’’ (an other-centric
interpretation).

In Study 1, it is during these open-ended trials, with
loose constraints for how to disambiguate, that we evalu-
ated participants’ spontaneous perspective-taking behav-
ior. We found that more than half of the participants
consistently provided an other-centric response, although
this did not statistically differ from number of egocentric
responders. Even so, the other-centric perspective was
chosen despite a clear processing advantage for egocentric
responding, as evidenced by faster response times and less
complexity in egocentric response movements.

In Study 2, we sought to better grasp the driving force
that might influence participants to be other-centric. We
hypothesized that such responding was largely motivated
by attributions about the simulated partner’s ability (or
inability) to contribute to mutual understanding. However,
there is always the possibility that the artificial nature of
the task also places unintended task demands on a partic-
ipant. To rule this out, we kept the same design as Study 1,
but added a single cue that was directed at influencing
partner-specific attributions. Here, the critical attributional
cue was a slight change to the instructions, informing par-
ticipants that their partner does not know where they are
located. This information makes it impossible for the part-
ner to consider any perspective other than his own. Fol-
lowing the goals of collaboration, participants who are
sensitive to this more explicit information are likely to take
on the increased burden of interpreting from the one per-
spective that is guaranteed to be understood, namely, the
simulated partner’s. Compared to Study 1, the result
should be an increased number of other-centric respond-
ers, and a continued cognitive cost of responding other-
centrically. As expected, this predicted outcome was
confirmed.

Following the same rationale as in Study 2, we sought to
manipulate a single attributional cue that would now bias
response behavior toward egocentrism. By doing so, a
stronger case could be made about the role of partner-spe-
cific attributions in influencing perspective-taking behav-
ior. In Study 3, the same design as Study 1 was used, but
this time we removed the constraint of having to interact
with a simulated partner. Participants now believed that
they were receiving directions from a real person – a per-
son who might share responsibility in working toward mu-
tual understanding. Moreover, because this ‘‘real’’ partner
was the one making the requests, and did not correct any
of the participant’s responses, we expected participants
to direct most of the responsibility toward the partner. If
so, participants are likely to assume the partner is acting
other-centrically, thereby choosing egocentric behavior
for themselves. Indeed, compared to Study 1, this predic-
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tion was supported. We also found a modest number of
other-centric responders who were apparently unswayed
by the new attributional cue.

In all three studies, the other-centric responders were
willing to invest in behavior that was cognitively challeng-
ing. In similar research using a spatial perspective-taking
task (Schober, 1993; Tversky & Hard, 2009), it is assumed
that the increased cognitive effort is the result of mentally
rotating to the visual perspective of another. However,
without direct evidence to support this claim, it is unclear
if participants are in fact embodying the participant’s point
of view. The experimental task presented here allows us to
test this supposition. If participants are mentally rotating,
then the greater the offset of one’s own visual perspective
from that of a partner, the longer it will take to rotate to
the partner’s perspective. And indeed, this was found for
three positions that were offset by an equivalent and
increasing magnitude of distance. Other-centric respond-
ers were fastest when there was no rotation (shared per-
spective), but were significantly slower when shared
visual perspective was offset by 90�, and even slower when
shared visual perspective was offset by an additional 90�.
The extent by which these responses were slower also ex-
ceeded any slowdowns exhibited by egocentric
responders.

These findings suggest that other-centric participants
are anchoring to an egocentric frame of reference and mak-
ing adjustments relative to this frame, a process Zacks and
Michelon (2005) calls a visuospatial perspective transforma-
tion. However, an egocentric visual anchor is not necessar-
ily isomorphic to a socially-motivated egocentric bias. That
is, we cannot say that participants are first employing and
inhibiting an egocentric bias before considering the per-
spective of their partner. Our data suggest another possi-
bility. During trials at 0 degrees of rotation, the
participant’s visual perspective is equivalent to their part-
ner’s perspective. These shared visual perspective trials re-
quire no mental rotation; thus, if the other-centric
responder has been inhibiting an egocentric bias in making
a rotation, they are now free from having to do so. As a
consequence, response times should be at least equivalent
to the egocentric responder. But this is not the case. Other-
centric responders are still significantly slower in shared
trials. If a strong egocentric bias is not at play, what then
causes the slower response times? We argue that the in-
creased time results from an other-centric responder who
is still considering what his partner knows, even when vi-
sual perspective is aligned. Contrary to Herrmann (1988),
Herrmann, Burkle, and Nirmaier (1987) early assertions
(as reported by Schober (1993)), participants will indeed
‘‘step into the shoes’’ of their partner even with a shared
vantage point. Once a conceptual perspective has been
adopted, participants are consistent in the way they apply
this perspective in interpreting spatial referents. In a sense,
participants are still metaphorically ‘‘rotating,’’ even when
visual perspectives are aligned.

These findings also have direct implications for the cur-
rent debate about exactly how partner-specific informa-
tion is processed during communication. Our claims
coincide with Brennan and colleagues’ ‘‘one-bit’’ theory
that simple yet significant attributional cues can have an
immediate effect on behavioral outcomes (e.g., Brennan &
Hanna, 2009; Galati & Brennan, 2010), particularly when
the cues are easily tracked and introduced early on in the
communicative context (Bortfeld & Brennan, 1997; Hanna
& Tanenhaus, 2004; Tversky & Hard, 2009). Participants
commit wholesale to the elicited perspective (egocentric
for Study 3 and other-centric for Studies 1 and 2). More-
over, the use of attributional cues appears to be consistent
with Clark and Wilkes-Gibbs’ (1986) principle of least col-
laborative effort, whereby the motivation to consider an-
other’s perspective is rooted in a shared responsibility to
ensure mutual understanding.

Our results can also be contrasted with another account
of perspective-taking behavior that posits language users
will consider another’s perspective only when a primary
egocentric preference becomes unsustainable (Horton &
Keysar, 1996; Pickering & Garrod, 2004; Shintel & Keysar,
2009). In this view, when there is a communication break-
down, or a breakdown is likely to occur, speakers (and pre-
sumably listeners) will engage in repair strategies that
require a more costly other-centric orientation. In the cur-
rent study, we strove to create a scenario where such re-
pair strategies would be unnecessary. Because a partner’s
trial-to-trial directions signaled no obvious confusion, par-
ticipants could respond egocentrically without penalty or
communicative mishap. Furthermore, in responding ego-
centrically, the task could be completed faster – a primary
argument for why an egocentric response should be pre-
ferred. And given that the social partner only simulates
the intentions and presence of an actual person, such task
demands could be considered biased toward egocentric
responding (see Gerrig, Brennan, & Ohaeri, 2000 for discus-
sion). Yet, despite these contextual influences that argu-
ably favor an egocentric orientation, participants were
still willing to act on the attributional needs of an assumed
social agent, revealing high rates of other-centric respond-
ing in production, as shown by Tversky and Hard (2009),
and even here where comprehension is involved.

It also appears that when participants do act egocentri-
cally, particularly when the attributional cues support an
egocentric perspective (Study 3), there is some evidence
that participants are still tracking information about their
partner. As we reported earlier, response times do increase
as a partner’s position is offset from 0� to 90� and 90� to
180�. Although this increase is far from the required time
to make a visuospatial transformation, it does suggest a
low-level awareness of conflicting perspectives. This possi-
bility is weakly supported with the egocentric responders
in Studies 1 and 2. But because response times in these
studies increase from 0 to 90, and are maintained between
90 and 180, it is more likely that responders are merely
noticing the locational shift of the recorded speaker from
their own vantage point. Thus, an attentional distraction
leads to the slight increase of response time, which indi-
cates, at the very least, that egocentric responders are en-
gaged in the task.

Another notable finding is that the high rate of unsolic-
ited other-centric responding is comparable to previous
findings (e.g., Galati & Brennan, 2010; Horton & Gerrig,
2002; Schober, 1993). Yet, in these studies, there are pro-
duction- and task-based constraints that may make an
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other-centric response more likely. For example, partici-
pants might be told ahead of time to consider the perspec-
tive of an addressee, or to design utterances in the service
of conversational pressures (e.g., to establish common
ground), or be allowed to negotiate and receive feedback
from their partner. Of course, in the current research, we
took a different tack by evaluating perspective-taking
behavior as simple comprehension. As with Tversky and
Hard’s (2009) paradigm, we imposed the most minimal
of task requirements for eliciting perspective choice – at
least for Study 1. When comparing these similarly matched
studies, 53% of our participants and 20% of Tversky and
Hard’s participants freely chose to be other-centric. Impor-
tantly, this difference in response rate also brings up a crit-
ical distinction between the two studies. Here,
perspective-taking behavior was allowed to stabilize over
a series of trials. As in previous research involving a real
or simulated social partner, perspective choice is some-
times gradually worked out in the early moments of inter-
action (Bard & Aylett, 2001; Horton & Keysar, 1996; Roche,
Dale, & Kreuz, 2010). Indeed, in our Study 1, 22 other-cen-
tric participants, or 51% overall, had between 1 and 3
short-lived ‘‘egocentric’’ responses in the initial trials. If
we had assessed perspective-taking behavior after a single
trial, these respondents would have been misclassified as
egocentric.

There are other differences that make our particular
task promising for further exploration. One of these is
tracking the temporal dynamics of social perspective-tak-
ing. In the present studies, we evaluated simple computer
mouse movements which revealed that other-centric
responding takes more time to execute, and that the exe-
cuted movement is characterized by greater directional
shifts and decelerations. These latter findings suggest the
presence of a processing interference that arises when
adopting another’s frame of reference. Presumably, a major
source of interference is from one’s own activated frame of
reference (Brown-Schmidt, 2009). Although multiple-
frame activation and the primacy of a single activation
has received a great deal of attention in ambiguous scene
interpretation (Carlson-Radvansky & Irwin, 1994;
Carlson-Radvansky & Logan, 1997), it is less clear with
social perspective-taking. One issue that we examined in
greater detail is whether reference frames are activated
sequentially or in parallel (Taylor et al., 1999). If in parallel,
we expected to find competition effects during the
moment-by-moment changes during the response move-
ment itself. These competition effects can be expressed in
paradigms like ours where a competitor and response tar-
get are visually co-present (Song & Nakayama, 2009; Spi-
vey & Dale, 2006). Here, we provided a simple measure
of how much the movement is displaced toward a compet-
itor en route to a target. For other-centric responders, we
found that movements towards a folder designating an
other-centric frame were shifted towards a folder desig-
nating an egocentric frame. This result suggests both
frames were simultaneously activated, but with the
other-centric response eventually winning out.

Greater evidence for competition effects, as well as pro-
cessing costs, can also be had with situational factors that
are easily implemented in this task. For example, we can
evaluate perspective-taking behavior when there are
greater cognitive demands, as in introducing time con-
straints to respond (as in Bard et al., 2007). We might also
find that with stronger attributional cues that favor an
other-centric perspective, egocentric responders will have
significant difficulty in inhibiting an other-centric frame
of reference, perhaps even from the earliest stages of pro-
cessing. And importantly, this basic task allows us to sys-
tematically identify pragmatically relevant cues that
might sway the activation and selection of egocentric or
other-centric perspectives. It also opens up the possibility
of exploring any individual differences that might interact
with these factors.

On a final theoretical note, a further possible interpreta-
tion of our results is that so-called ‘‘default’’ processes are
only one part of the explanatory story of adaptive abilities
during interaction. As Schober (1993) demonstrated, the
coordinative process of interaction permits rich patterns
of adaptation that emerge when one looks for them in
appropriately interactive contexts (see also Brennan &
Hanna, 2009; Brown-Schmidt, Gunlogson, & Tanenhaus,
2008). Yet, we have shown that even simulated social con-
texts can induce complete investment in more ‘‘difficult’’
response strategies. This is not simply a matter of monitor-
ing, because the 0-degree trials in our studies still show
that participants have embraced the strategy of trial-
by-trial transformation for the benefit of an absent but
assumed partner. So ‘‘defaults’’ are transformed in
socially-embedded contexts, and the ‘‘tables are turned,’’
so to speak, because many participants have now orga-
nized their interpretive tendencies outside themselves,
into the other-centric frame. Our data suggest that a new
default, adapted for the benefit of the task, can become
that external frame. This suggests that theories of perspec-
tive-taking, and partner-specific adaptation in general,
need to focus attention on stable strategies in more task-
specific ways, rather than seeking generalizations that
may overreach, and miss the natural human capacity to
adapt cognitive processes in novel circumstances.
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