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Through theoretical discussion, literature review, and aamputational model, this paper
poses a challenge to the notion that perspective-taking inslves a xed architecture
in which particular processes have priority. For example, @ne research suggests
that egocentric perspectives can arise more quickly, with ther perspectives (such as
of task partners) emerging only secondarily. This theore@l dichotomy—between fast
egocentric and slow other-centric processes—is challenge here. We propose a general
view of perspective-taking as an emergent phenomenon govered by the interplay
among cognitive mechanisms that accumulate information adifferent timescales. We
rst describe the pervasive relevance of perspective-takig to cognitive science. A
dynamical systems model is then introduced that explicithiformulates the timescale
interaction proposed. This model illustrates that, rathethan having a rigid time course,
perspective-taking can be fast or slow depending on factorssuch as task context.
Implications are discussed, with ideas for future empiridaesearch.

Keywords: perspective-taking, dynamical systems, interact ion, social cognition, joint action, empathy

INTRODUCTION

Awareness of another's mental states can be key to humaivalr¥he term “survival,” with its
evolutionary connotations, belies a modern relevance tBaimodern person does routinely face
such survival scenarios. For example, imagine riding a bikess several miles of busy tra c to
reach work. The coordination of awareness is critical. Ylaunge into the windshields of stopped
cars for signs of the drivers' awareness, and to signal yaurtbrough mutual gaze, head nods, or
facial displays. This awareness and signaling considerahgdse the probability of an accident.
This example highlights that perspective-taking continued¢oa fundamental skill central to
human life. In many everyday situations, people must considespestives distinct from their
own. These perspectives occur in many common settings, sugiviag directions to a visitor,
moving furniture with a friend, haggling over a price, and so tn each circumstance, individuals
respond to a large set of psychological states of others dimgjuheir knowledge and beliefs, action
plans, perceptions or physical viewpoint in space, emotions, amem

There has been much research on concepts closely related $pgutive-taking Eyal et al.,
2019, what cognitive mechanisms underlie Brown-Schmidt, 2009ahow sociality and other
individual di erences are linked to itConway et al., 20)8and whether it is a specialized (even
inborn) trait (Cohen and German, 20)@nique to humansilerrmann et al., 2007 Indeed, the
concept of perspective-taking is central to many realms of itivgnscience. It lies at the heart of
many theories of social cognition. As we review below, acdbgrent research areas of cognitive
science, there is a distinctive debate about the role andgreaif perspective-taking.
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There are nevertheless identi able theoretical underents in the context of some task. We see perspective-taking as a
across these di erent research areas. Perhaps the most prominecoordinated aspect of human social responding that emerges
undercurrent is the notion of “default perspectiveiiCkerson, from the interaction among processes such as perception and
1999. The phrase “default process” is sometimes used tattention, working and long-term memory, language procegsi
describe the rst or quickest cognitive state reached (e.gand so on. In the language of complex dynamic systems, it
Lin et al., 201 There has been debate in several areas an emergent proceg¢Richardson et al., 20)4The second
of cognitive science between those that favor more or lessbservation is that perspective-taking does not “switch an” i
egocentric processes as holding a kind of “default” statug,(e a discrete fashion. Instead, it unfolds dynamically oveneti
Brennan and Hanna, 2009; Shintel and Keysar, Y0This in a manner that re ects how this coordination serves social
default status means egocentrism is fast, and most often thhesponding. This unfolding over time is an intrinsic aspect
rst perspective considered. By extension, the default statuof complex dynamical system&fivey, 2007 and would be
of egocentrism suggests that considering the perspective ekpected from a cognitive process as complex as perspective-
others is slow and e ortful. As we will discuss in our reviewtaking.
in the section “Pervasiveness of Perspective,” this claismn ha Oursimple dynamical systems model illustrates our argument
been made by researchers across di erent domains of cognitithat social perspective-taking may sometimesshtmy but this
science. For example, in the study of dialogue, some resarchdoes not necessitate that it be considesstondaryWe will
have explicitly proposed that initial language processingutsfa argue that research on perspective-taking may be furthered by
to the speakers' privileged egocentric knowledge, with thembracing the idea afteracting timescale$he principle can be
conversational partner's perspective being considered &tdr simply stated:
only if necessary (e.gdorton and Keysar, 1996; Keysar et al.,
1998a,b; Epley et al., 2004 Perspective-taking is driven by interdependent processes that

Having to overcome the egocentric perspective and to ground accumulate information at di erent timescales that should be
mutual awareness of another's perspective can indeed bestbwa  considered jointly. While shorter timescales can re ect the
e ortful at times. Our introductory scenario is a straightfeard processes recruited to achieve the rst perspective, longer
example of that: to coordinate that mutual awareness, théstyc tlmgscales can r_eveal processes (g.g., those_lmpllcated in deliberate
and driver must expend additional e ort. Without that e ort, social organlza_tlon) that are recruited to achieve the most stable,

. . . . . target perspective.
they could readily take their own perspective, at potentiallperi

But despite some evidence for the prominence of the egocent% tis related to d ical svst d -
perspective in some contexts, its default status is still @eba urargument s refated to dynamical systems and connetsion

Does the human mind take up its own perspective by defaulta}pproaches to cognition, which see stable performances as an

Or can it default to another's perspective in some situations? interplay among multiple constraints and processesrfielnart
In this paper, we wish to challenge the notion that “fast” and

and McClelland, 1986; Thelen and Smith, 1994; Port and Van
“slow” processes map onto “default’ and “secondary” process elder, 1995; Thelen and Bates, 2003; Van Orden et al., 2003;
associated with egocentric and other-centric information

pivey, 20017 In the same way, an unfolding task requiring a
respectively. Others have also challenged the dichotontyesit pers_pectivhe?volves establishing a strategy. This strategy tends to
clustered features, of fast-default/egocentric procegseslow- stab|!|ze. Itis _held steady_whlle humans carry out th_a t tak_ﬂ(a .
secondary/other-centric processes. We do not challengetiba task is established, sustained, and cgmpleted, ml_JItlpIe gogn
egocentric perspective may often be fast to achieve. Instead, processes—some fast, some slow—interact to bring thagyrat
make the argument that, even when considering another pésrsoHnto being. . . . .
perspective is “slow,” it need not be secondary and it can have F_ur_ther below, we desc_rlbe a mo_del that instantiates in an
pervasive cognitive impacts. For example, certain tasks can plicit manner the theoretical commitments we endorseoRef
designed in a way to encourage participants to rapidly tak

elving into the details of this approach, we introduce a deanit
up shared information Brown-Schmidt, 2012 In some tasks, of “perspective-taking” on which the theoretical discussiaiii
participants can respond to another's perspective with 100‘%

e based. Following this, we review several areas of sodal a
reliability even when the egocentric response is measuesslier cognitive science in ‘,NhiCh perspective-taking Isa centratqm;e..
(Duran et al., 2011 Such ndings are in line with the view that V€ then present animplemented dynamic model of perspective-
perspective-taking is a strategic and stabilizing forcéndpes the taking, and link it to our prior discussion. To concl_uqle, weae
dynamicof our cognitive processing, so that even fast processgg"’_It the approach makes a number of broad predictions that may
can be overcome. guide future work.

To illustrate our theoretical stance—that perspectiverigki
is not subject to a single, rigid time course, but is insteadEFINITIONS AND MECHANISMS OF
adaptive and dynamically uid—we present a model (section “APERSPECTIVE-TAKING
Simple Dynamical Systems Model”). This simpli ed model of
perspective is developed in the language of dynamical systenany areas of cognitive science invoke some notion of
and integrates these timescales of fast and slow processipgrspective and perspective-taking, if sometimes implicitty. |
Its details derive from two general observations. The rst i order to clarify what we mean by di erent cognitive mechansm
that human perspective and perspective-taking depend upon and to illustrate the distinction between “fast” and “slowfi o
number of interdependent processes that support each othehe one hand, and “default’ and “secondary” on the other,
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we oer the following taxonomy of cognitive mechanisms.not induce the very emotions themselves. In other situaion
Cognitive processes underlying perspective can be projected orsuch perspective-taking may indeed induce common emotions.
a spectrum from simpler to more complex, faster to slower, These subtle distinctions suggest that di erent combinasion
primary (or “default”) to more secondary. These are illusticht of cognitive processes can be involved in specic perspective-
in Table 1 taking events. What is key to our theoretical position and

At one end of this spectrunpotentiationrefers to the rapid dynamical model is that these processes can involve iniagact
inducement of certain cognitive states that can happen by mertimescales at which information about another's perspective
exposure or priming in context. Examples are given in the tableaccrues. This interplay permits stable perspective stratégies
In the study of dialogue and language, for example, two peoplemerge in varied situations. Perspective-taking could thes b
can establish the e ects of each other's linguistic condigio framed as a highly robust feature of our species, deployed
merely by exposing each other to a co-activation of certairds/o  dynamically in social tasks. By “robust,” we mean a kind of
phrases, semantics, etBic¢kering and Garrod, 2004 behavioral repertoire that has multiple mechanisms (cogeijtiv

At the other end of this spectrum are slower and moreperceptual, and motor mechanisms) to sustain that repertoire
cognitively complex processes, which we will tesimulation(cf.  despite variable circumstances and perturbatidfisaho, 2002,
Lillard, 1999. This term connotes the relatively more e ortful These diverse mechanisms appear to be tuned to “the other,” to
cognitive reconstruction of another person's states or psees. conspeci cs in the social contextigberman, 2013; Schilbach
It re ects a more strategic means of establishing these s.dot  etal., 201R
language and dialogue, for example, a person may deliberately Below we o er a brief review of each the domains shown in
recall personal details, dialogue history, topic transiioptc. Table 1 The review reveals that perspective-taking is central in
that may demand more e ortful memory cueing and retrieval. each. In each area, we further illustrate how this generaitsp®
This information may then be deployed even as an element of @f cognitive processes in uences research and debate irethes
conscious strategyorton and Gerrig, 2016 literatures.

But what counts as taking a perspective in the context of

this spectrum? Perspective-taking could be de ned simply apER\VVASIVENESS OF PERSPECTIVE
adopting any conditions of another, typically a conspecic,

in order to coordinate actions. This de nition may seem too As we have argued above, perspective_taking is central to many
general, as it characterizes even the simplest responssvenggeas of cognitive science. Despite the uniqueness of eaah ar
among organisms as “perspective-taking.” Here, our focusiis 0there are theoretical undercurrents common to them. One
the human cognitive mechanisms underlying perspective, whicis a tension between a faster self-oriented perspective, and
we review and model. A de nition more specic to human perspectives thamay require more time and mentalizing. We
cognition would make reference to the conditions that urlier consider four domains if research illustrating this: joettion,
a perspective or perspective-taking event in our species. Leggpathy, human linguistic interaction, and theory of mind.
hazard a speci c de ning statement of perspective-taking: These areas illustrate the broad relevance of human perspectiv
taking. They also reinforce the need to integrate timesdaleur

Perspective-taking can be de ned as the integration of perceived understanding of the dynamics of perspective-taking, espgcia

conditions in uencing another personbehavior into the set of the intuitions presented iable 1

conditions in uencing one's owrbehavior. And a perspective is

a subset of those conditions @ossibleconditions that can be Joint Action

coordinated, across a vari_ety of core mental or bodily processes Imagine you have to move a very heavy table from one end

(perceptual, emotional, epistemological, etc.). of the room to the other. You recruit a friend to help. Your

bodies rapidly orient themselves relative to the table. You

This de nition embraces many domains in which a perspectivaime your movements appropriately so as not to drop the
may be taken, from spatial cognition to emotional contentstable. You may also talk openly to each other to shape your
It also asserts that humans sometimes integrgassible behaviors. Such joint actions involve coordination, plargi
perspectives of others. This implies we are sometimes indorreSommunication and actions among multiple agents. Their
about perspectives, but also that we can anticipate perspectiv@smplexity at various timescales is a growing eld of study
before others even have them (@amnani and Miall, 2004 Perspective-taking is critical in this domain. Moving a talieh

There are dierent means by which the human cognitiveanother person requires responsiveness to physical variables,
system integrates perspective. Perspective-taking canisoeset such as body position and speed, but also psychological ones,
be rather e ortful, and so the goal-oriented description is aptsuch as expectations of the task itself.
(Lin et al., 201 It may sometimes be more implicit. There is  Some in uential theories of joint action depend on complex
considerable debate about implicit social processes, bug ise cognitive conditions of intention and planning (for disciss
some evidence that very subtle social variables of one pers@eerollefsen and Dale, 20).2However, recently, joint action has
such as their mere presence, can alter cognitive processing den theorized to involve not only planned but also emergent
another person without their awareness(land etal., 2005For  coordination (Knoblich et al., 2011; van der Wel et al., 2015;
example, as we review below, one person can engage in emotional
appraisal to perspective-take the state of another—but thid neéhttps://somby.ceu.edu/jam
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TABLE 1 | A spectrum of cognitive processes from simpler to more compx, with illustrations of each under various domains in whitperspective-taking is central.

Domain Potentiation Emulation Simulation
Simpler J } Complex
faster slower

Joint action Co-activating candidate objects and actionsdr Predicting probable partner movements from Predicting partner processes from
a task from copresence and observation observed perceptuomotor dynamics and goal-orientation of partner, strategic

affordances analysis of local cues from partner
and relevant task features

Empathy Co-activating emotional states from Overlapping emotional expression through Recognizing emotional states through
associations of behavioral or environmental similar neural circuits and physiological appraisal of situational factors and
accompaniments processes (e.g., mimicry of facial expressions) cues

Dialogue Co-activating linguistic levels of analysis via Anticipating linguistic levels of analysis through Inferring and tracking partner
mere exposure (priming) common processes between interlocutors processes from strategic combination

of linguistic levels, recall of dialogue
history, situational cues, etc.

Theory of Co-activating partner's mental states Identifying partner's mental states through Inferring and tracking partner's mental
mind independently of egocentric goals inhibition of egocentric goals and use of states from goal orientation of partner
executive function and relevant task features

Vesper et al., 20)7 Emergent joint action does not rely on  Some research corroborates this distinction, with ndinbatt
shared plans, but on entrainment, perception-action couplingsautomatic and more controlled aspects of empathy operate at
or common a ordances for co-actordV{arsh et al., 2009; van di erenttimescales, and in context-sensitive ways {/ignemont

der Wel et al., 2005 Humans can respond rapidly using and Singer, 2006; Zaki, 2014Additionally, some ERP tasks
“shallow” coordination processes, with each partner senéasg suggest that a ect sharing is detected quickly, and cogmitiv
perceptuomotor ordancedor the other. Many of these shallow appraisal of a painful situation is detected a few millisecdats
processes, along the potentiation end of the spectrum, may n¢fan and Han, 2003

require awareness. But this cannot be the whole story. More Like joint action, empathy has presented a tension between
strategic mechanisms can quickly constrain a joint actieor  automatic vs. strategic processes, and deep vs. shalloal soci
example, the sudden appearance of a mere syllable by a friendrformation (e.g., how much of others' a ective experience is
“ouch”—can elicit a cascade of cognitive e ects in others. Imeutrally representedsinger et al., 2004 These tensions can
addition to strategic adjustments to such local cues, topatio cloud the fact that empathy is shown to be multiply constrained
factors, such as shared knowledge, can constrain the entergdy di erent contextual and cognitive variables (€favis, 1983;
coordination of interacting partners (e.g., their eye-mments: Gehlbach, 2004 Consistent with our view of perspective-taking,

Richardson et al., 200.7 empathy is unlikely to involve a rigid time course; instead,
relevant social and a ective information can be integrated
Empathy through interacting timescales.

In social psychology, extensive studies of shared emotgiatds
and their social implications have been conducted over th&inguistic Interaction
past few decadesH@teld et al., 1993 including in social Dialogue is another uncontested site of human perspective-
cognitive neuroscienceS(nger and Lamm, 2009 Empathy taking, as interlocutors frequently consider one another's
involves sharing other people's emotional experiences, \alite  informational needs. One central question is how interlmra
being able to represent the other as the source of the emotidnfer and keep track of each other's perspective. In terms of
(Decety and Jackson, 2006; de Vignemont and Singer) &  inferring a conversational partner's perspective, some rekees
could consider empathy as a kind of “emotional perspectiveelaim that it is derived from basic memory representationsiugb
taking” (Davis, 1983; Gehlbach, 2004; Lamm et al., P008 prior shared experiencesH0rton and Gerrig, 200§ or from
Both automatic and more deliberate processes appear to liformation in the immediate shared physical environment and
at play, as shown along the spectrum showrTalle 1 In fact, ongoing interaction Clark, 199%. In terms of keeping track of
these processes can be seen as distinguishing between a ecthvat perspective, one proposal is that it can be represented in
and cognitive components of empathy. The a ective componenterms of simple (often binary) distinction®(ennan and Hanna,
is typically thought to rely on automatic processes triggere®009; Brennan et al., 20[L&or instance, speakers can keep track
by mere social-emotional stimuli. For example, non-congsio of whether the partner has heard a story before or netl@ti
mimicry of others' facial expressions, postures and so orsgise  and Brennan, 20)Qwhether a particular category of items has
to phenomena such as emotional contagibta{ eld etal., 1993  been discussed with the partner or natidrton and Gerrig,
The cognitive component, recruited in the appraisal of peopl€005, and so on. When the communicative situation supports
and situations, is thought to rely on more controlled proeess such a simple distinction about perspective overlap, speakers ca
that generate or modify a ective responses (efygston and keep track and cue that distinction, adjusting their langeiage
Hofelich, 2012; Cu et al., 2016; Vinson et al., 2p17 appropriately.
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There's nevertheless a lively debate concerning how quickl As with the previous domains, tracking the beliefs of others
speakers can take their partner's perspective into accounnduri seems to be triggered by both simpler, rapid processes, or more
language processing. As we have noted earlier, one view imvolved mentalizing. For instance, tracking others' efior
this debate is that early processing gives priority to ego@ent perceptions can occur independently of their relevance to the
information, with the partner's perspective being considdegd. task (Kovacs et al., 2010; Samson et al., 200h the other
Keysar and his colleagues describe this in terms of the tages hand, tracking others' beliefs is in uenced by demands on
model ofanchoring and adjustmenivhereby initial processing executive functioning, which can be taken as evidence ofemor
defaults to egocentric information, without regard to themeer's  controlled processes. Inhibitory and executive controldiions
perspective or informational needs; the products of this &liti are important mechanisms for ToM: for successful perspective
processing are monitored and partner-speci ¢ adjustments arattributions, one must inhibit their egocentric perspectiaed
made only when necessary, in the form of repairsoifon  prevent that perspective from interfering with apprehending the
and Keysar, 1996; Keysar et al., 1998drba related proposal, perspectives of other§Sémson et al., 20D5Thus, ndings that
speakers are thought to align di erent levels of their lindigcis people incur a cognitive processing cost when they consider
representations through the low-level mechanism of primingothers' perceptions or beliefg\pperly et al., 20080or that such
(i.e., potentiation) Pickering and Garrod, 2004In this view, consideration taxes executive functioApperly et al., 2004;
potentiation sca olds adaptation in dialogue without speakersSamson et al., 20DP€an be thought to re ect more strategic
having to track anything speci ¢ about the partner's perspextiv consideration of others' mental states.

The competing view in this debate is that information pertiben  As with the other phenomena reviewed in this section, ToM
to the partner's perspective can shape early processiagr(a is not merely a unitary or static process whereby people hold a
et al., 2003; Metzing and Brennan, 2003; Brown-Schmidt anblody of knowledge about others' beliefs, but is rather a dyica
Tanenhaus, 200&hen available and easily trackedglati and  one, greatly integrated with other processes, includingsiet-
Brennan, 2010 making and executive control. This position is consistent with

Much like empathy and joint action, both rapid processes and_hristensen and Michael (201,6yho have recently argued that
more strategic ones are likely involved in dialogue, opegatinmindreading of this kind is better understood as a multi-syste
at dierent timescales, depending on task conditions andarchitecture rather than a xed two-system approach. Rather
availability of memoriesHorton and Gerrig, 200For certain  than a minimal two-system account, they o er one that intelgsa
cognitive processes (e.g., executive functi®rown-Schmidt, causal reasoning, knowledge, and so on, and attempt to cagture
20093 wider array of infant and adult ndings.

Theory of Mind A SIMPLE DYNAMICAL SYSTEMS MODEL

Humans make complex social judgments by inferring partne
knowledge, and predicting potential behaviors and belieimeé
researchers propose that such skills invokéheory of mind
(ToM), the ability to attribute and reason from mental states
others, while distinguishing them from one's owR§vell, 1997
One account about the representation of others' psycholdbgic
states is Butter Il and Apperlyminimal theory of mindButter ||

These four domains are not often regarded as integrated,
even though they intuitively lend themselves to an integeati
stancé. This intuitiveness derives from a shared feature: each
domain centrally involves what may be termed “other-cesitri”
Whether an experimental task is of joint action, empathy,
"f}nguistic interaction, or theory of mind, participants must
and Apperly, 2018 This account is in line with proposals from track something at_)out ar_lother PEISoN In Some manner. The
. . . - thread of perspective-taking weaves these domains naturally
the previous domains, advocating for minimal representadion . . )
. L . . There is even a related theoretical tension common across
requirements for joint action\(esper et al., 20)Gand simple . . . .
S these domains concerning the complexity of the other-centri
models of the partner in dialogueB(ennan et al., 2030 . ) ' . )
representations” tracked in perspective-taking. Across diors,

According to this account, peop!e repr(_esent simpler, relr"ujic’m‘there's a debate about the extent to which people explicitigkira
mental states (e.g., goals to which actions are directelal;hw detailed perspectival information (e.g., belief structyraisout

enable them to kgep track of others propositional attitudes task partner (e.gShintel and Keysar, 2009: Butter Il and
such as beliefs, without representing them fully as such. Su erly, 201%
minimal representations are thought to eliminate the concept Pperyy, . . . .
o . . ) Moreover, as our review makes evident, in all these domains,
and cognitive demands associated with representing fullgrsth . . . o
erspective-taking does not unfold over a single rigid time

mental states. However, there is some debate: some hawedarg : . . =
course and is not mechanistically unitary. Perspectivéatak

that social awareness of a rich sort is based on innate ar .
- L . : and mutual responsiveness between task partners can be
specialized capacities that permit more complicated knowledge

(see discussion iGohen and German, 2010; Mazzone, 2015 upported by quick and associative processes, but also by more
’ ' ’ strategic, inferential processes. Perspective-taking eaeén as

2|t should be remarked that ToM has a somewhat controversial staitismany ~ 3There has been some integration. Conversation can be seenrasaiion

researchers challenging the existence or explanatory need ofashagh-level  (Clark, 1999, and theory of mind and conversational processes can be igatst
kind of process (for some discussion, seeith, 199 It is nevertheless a highly as tightly intertwined Rosnay and Hughes, 2006The common thread of
in uential notion, and so we integrate it here. perspective-taking, however, is not as frequently studied in rgereral terms.
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being supported by mangi erent core mechanisms, including features of data, derived from listeners' mouse trajecsarighe
automatic and controlled processesgberman, 2007 perspective-taking task. They manipulated this simple model in

An important next step in theory and model development is,the following way. If we take a single trial of an experiment as
therefore, to articulate the manner in which faster and #ow a process of observing perspectixg gettle into one minimum
mechanisms interact and how perspective responses emergeanother, we can de ne the following update equation and
dynamically from mechanisms shaped by task constraints. bserve how the system dynamically uctuates and settl&s in
cannot simply be the case that one mechanism dominates ovan attractor. Notice that the update is based on the rst-arde
others in each circumstance. Perspective responses are @ynauferivative ofV above:
strategies emerging fronmultiple and mutually interacting
processes that in uence the human responder as a task unfolds. xic1 DX C kCx xt3 C N(O, ) 2)

We take a simple approach here, by using a dynamic systems
model, adapted fronDuran and Dale (2014)Some models are N(0, ) is a source of Gaussian noise of mean 0 and standard
meant to capture basic theoretical distinctions more exijici deviation . This makes this model similar to a dynamic di usion
and leave out a variety of concrete detallécClelland, 200R  process, where the state variable moves toward one threshold
Our model here is of this kind. It o ers explicit formalizationfo or another Ratcli et al., 1989. In Duran and Dale (2014)
our claims. We aim to map out the dynamic relationship amongthey maintain an accumulator ( x) and when this accumulator
processes on the spectrum illustratedable 1 We do not mean reaches a threshold (e.g., 30) the system is taken to haye ful
to imply that processes along this spectrum are independent aettled on one side or another. This is illustratedRigure 1,
encapsulated, as in a module. Instead, they interact. Theemodright. Interestingly, with this setugyuran and Dale (2014yere
here captures an interplay between these processes in a sithpli @ble t three timescales of responses: (i) the time to a persgect
“perspective” task. Though the model is extremely simple, itaking decision within a trial, (i) the change in responsmitig
serves to illustrate how tasks and processes interact to moweross trials, and (iii) the overall response strategy ofesibin a
perspective-taking around. single set of parameters.

Form of the Model Expanding the Model: Two Processes

First, we brie y describe the model developedinran and Dale  The proposal in this paper is that perspective-taking is not driven
(2014) They imagine a simple task in which a participant decidegy a single underlying process, but by a synergy of processes tha
between two alternative perspectives. Perspective is repeesenare operating at di erent timescales. These processes intnec

by a numeric variablex. Values ofx are assigned a particular produce the kinds of perspective-taking choices we see in our
interpretation by the modelers. In our casejaries from negative experiments and in everyday life. We can simulate that simply
to positive numbers and we assign these positions ego- va-oth@ere to bring some explicitness to our proposal. This model can
centric orientation, respectively. We also assume persgeisiv also serve as a foundation for follow-up work that combirtes i

a continuously evolving state. Gradations of state vegglre with new experimental data in a similar manner Fouran and
common in cognitive models such as neural networks or dymamipale (20143 .

systems gpivey, 2007 A competition between two opposing  For simplicity, let's take perspective-taking to be driven by
states can also be approximated as a gradiénti(s and Spivey, two information accumulation processes; and xs, meant to
2012. It is the dynamicsof the system that matter, though, and capture the distinction between leftmost and rightmost cohsm

we assume that the system has two stable states ofwdluean  of Table 1 As described above, we can take one of these processes
and Dale (2014yse the following model frontuller etal. (1994)  (xp) and take it to re ect the automatic, rapid establishment of

to capture this: a decisions (“P” for “potentiation”). We can take the otheg)
2 ¥ as a slower more deliberative process (“S” for “simulatioffe

VDkx —cCc=Z (1) slower more deliberative process may accumulate more slowly,

2 4 but it can have a deeper attractor well—an established syrateg

This equation is called th@otential of the system. We can can thus “pull” the simpler processes toward that decision (gven
assume that a state variabtewill settle into one of the local perhaps, when the faster information violates it).
minima of this equation, illustrated ifrigure 1, left. Duran and To update these two systems, we will combine the basic
Dale (2014model perspective-taking under this formulation by information in the prior model formulation of Duran and
assigning one side of this model to “ego” and the other to &sth Dale (2014) We will also integrate an interactive parameter—
centric” perspectives, and explore the consequences of rioifli information of both processes supports each other, this may
task parameters. An important control parameterkiswhich  facilitate establishment of a response. We modify this model
determines the “tilt’ of the system and can bias a system tdwa slightly in the following way:
one perspective or another. These and other subtle parameters
allow the researcher to set these interpretations of the sode Xptc1 D Xpg Up\?(kp,t) C xst Xpr CN(O, )
o_Iyr@mics and map them onto explicit predictions about the xsic1 D xgt UsPks) C Xpr  Xst CN(@O, ) (3)
timing of perspective-taking.

Duran and Dale (2014)t several features of experimental 4a| code to regenerate these simulations can be found at the URL
perspective-taking data. They focused especially on dynamighub.com/racdale/simple-perspective-model.
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FIGURE 1 | The potentialV de ned in Equation (1) is illustrated on the left. Hereg is 0. The red line is an illustration of how a simulated “triais run in the model. The
model is initialized near the saddle point (at 0), and it acis a kind of biased 'Sirift/diffusion process as it settles int@n assigned interpretive role, de ned by Equation
(2). On the right, we show that this “decision” is achieved a threshold sum (  x). InDuran and Dale (2014,)several features of perspective-taking timing were
modeled with this basic mechanism.

demonstrations, we explain it in detail here. The speci catiio

TABLE 2| The parameters used fofFigures 25 under Equaton (3). Equation (3) de nes how two processes evolve over time. We can

Figure Xp Xs therefore plot them on a two-dimensional plot, and assess the
Simpler faster J—— 1 Complex slower probability that they will move or “ ow” in particular directias.
This is shown in the top right portion ofigure 2, with the vector
Figure 2 ko D O ks D 0 eld diagram. The arrows represent the tendency for this two-
(' D 0.01forall up D 0.2 us D 0.2 dimensional system to change at particular points over thid. e
D0 D0 In the top left and bottom right panels are the corresponding
Figure 3 kp D 0.2 ks D O elds for each variable, placed over their corresponding axes.
up D 0.2 us D 0.1 Superimposed on top of these three plots we show 50 simulated
D 0 D 0 “decisions”—letting these variables evolve until one leashed
Figure 4 kp D 0.2 ks D 0.2 athreshold. The distribution of responses is shown in theidoot
up D 0.2 us D 0.1 left part of the plot. In this rst simulation, we specify the two
DO D 0.2 processesp andxsas essentially equal in timescale and strength.
Figure 5 ko D 0.2 ks D 0.025 When doing so, of course, we see an even split between “ego” and
up D 0.2 us D 0.1 “other” perspectives that emerge in the plot.
D 0.01 D 0.2 The parameteks; represents the current “tilt” of the dynamic

system for that process. This is illustrated in the example
In bold along some rows we highlight key changes from gure to gue. These parameters  simulations below. In the original application bfuran and Dale
warp the re.sponse landscape, .and change thg perspective-taking dynaros. For code, (2014) they assumed that the tilt would sIowa shift over a series
see http://github.com/racdale/simple-perspective-model. . . . . . .
of trials in a simulated experiment; this re ects the increme
strengthening of a strategy. We choose to ignore this aspect of
Here, W represents that rst-order derivative shown in the prior the model here, so as not to add further complexity or free
section, relative tox. Note also that theli erencebetween the parameters. It is kept in the formulation above to illustratet
processes is part of the update equation. If the current statether features of this model—across trials rather than jusitivi
of the high-level processd;) is higherthan that of the lower trials—may also be interesting to explore.
process, it will “pull” the system toward it, according to the These state variables, though they interact positively, cm al
control parameter . This relationship is reciprocal, but we can compete. We take the perspective “decision” of this model to be
vary the relative strength of this relationship using paréeng when the state variables have accumulated to some levelaki
and . In addition, importantly, we can vary the rate at which Duran and Dale (2014)So, at time f) increments, we take an
these systems “descend” upon their perspective choice, using incremental sum of both state variables. When the rst resch
parameterslp and us. Strategic, higher-level systems are slowegome threshold (here, 30) we consider the model to have asthiev
and so we can set this parameter smaller than the one for thestable perspective for that trial. Again, this is akin to #ireld
faster process. We summarize the variableEaible 2 drift-di usion models.
In Figure 2 we show the basic two-dimensional model at With this basic setup we can simulate a series of basic
work. Because this gure has the same structure throughowt o ideas from the perspective-taking literature. The purpose of the
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FIGURE 2 | An illustration of the basic two-dimensional dynamical moel. On the top left and bottom right are the potential wells ofhe two variables. These variables
evolve as in Equation (3), and together they de ne a vector eldhown in the top right. In the black lines we have simulated 50decisions” which show an equibiased
perspective response. This is based on the parametersup and ug D 0.2, k for both and and b set to 0. The noise parameter D 0.1. We use a threshold of 30
(seeFigure 1), and the squares re ect which state variablexg or xp) reached the threshold rst. These are summarized in th@able 2. All source code can be
downloaded from http://github.com/racdale/simple-perspective-model.

example simulations is to show an idealized dynamic procegshat the vector eld now favors a particular outcome, and even
that establishes perspective through dierent processes thaider stochasticity the model will descend toward an egti@en

accumulate information at distinct timescales. response.
_ However, the high-level cognitivstrategy though slow to
lllustrating the Model establish, can quickly dominate responses, even when efjiacen

Though surely simple, the model illustrates what we meamesponses are simpleD(ran et al., 201)L In the model, this

by the interaction among timescales explicitly. Consider a&an happen through two subtle changes. The “tilt” of the slower
basic demonstration: A fast shallow procesg) (will dominate  Xs variable can encode an established bias or strategy. This
over slower, other-oriented onexd. In Figure 3, we show is shown inFigure 4 In addition, the parameter can also
that when we change the values fop and us the model's modulate the dynamics of the fast and lower-level procgs} (
behavior changes considerably. We sgt to be twice the (see the parameter set fBigure 4in Table 2. A combination of
value of us. This would indicate that the low-level processparameters shows that perspective strategy, despite its ewne
(xp) accumulates information at twice the speed. When thixan overcome and even “pull” fast processes into its relative
happens, the model consistently responds egocentrically—tiegions.

information accumulates too quickly for the slow process to Similarly, if processes interact positively, the model predicts
reach its own threshold. The model also demonstrates thahat decisions will be made more quickly and more con dently.
when cognitive or task parameters change, thedscapegor  Figure 5 illustrates this. If we assume that low and high-level
the dynamics changes. The top right panelRigure 3 shows processes pull each other—interpreted as a bias for cohetbace-
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FIGURE 3 | By assuming that the slow Xg) process is half the pace of information accumulation as théaster &p), and also that the fastest is robustly egocentrically
biased—egocentric perspective decisions dominate, and iformation accumulation in the slower process (shown in topeft) does not reach the threshold in any of
these 50 simulated “decisions.” SeeTable 2 for full parameters.

trajectories of the simulated decisions are fast and staie IMPLICATIONS OF THE DYNAMIC

model therefore predicts that cue combinations may facéitat APPROACH

rapid perspective decisions, even in cases when other-aentris

wins. Determining the relative contribution of the types of
representations and processes involved in perspective-taking
is tricky (Barr, 201). The simulations of our dynamic model

Summary are meant to underscore a dissociation between the mapping

This model obviously does not capture detailed cognitivedf fast vs. slow processes onto the egocentric vs. othericent

processes. Itis, however, an explicit formulation of infotimaal ~ perspectives. By modeling fast and slow processes as intgractin

dynamics at dierent speeds. Our gloss over the process inontinually, we have illustrated that other-centrism need no

terms of perspective-taking allows us to think about slowed anbe second, and that indeed in some circumstances it can be

faster mechanisms @#teracting continuallyather than “coming fast—primarily because its e ects can pee-establisheth the

rst” or “coming second.” The model helps to visually and cognitive system's potential (illustrated in the top-right ésin

computationally frame the idea that during perspective-tgkin the prior gures).

overlapping processes are changing and in uencing each otheri  This is consistent with ndings that the design of a task

order to stabilize a response. Task parameters, cognitinerésa may highlight some aspects over others and shape perspective-

individual di erences, etc., serve to modulate the vector eldtaking behavior accordingly. For example, an experimental

over which responses are made. And however simple, an expligaradigm for dialogue can emphasize egocentric, rapid processes

formulation of this kind motivates some further theoretica (Keysar et al., 2000 but when it is fashioned to be

discussion, which we turn to next. more unscripted and interactive, it may reveal more rapid
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FIGURE 4 | By assuming that slower process has an established “tilt” §trategy”) and can recruit top-down control over lower-leel processes (parameter ),
other-centric responding can completely dominate—despi being half the speed and competing against a strong egocemic bias in the faster process. A relevant
transformation of the vector eld is also visible. Parameterin Table 2.

other-centric processe8(own-Schmidt and Tanenhaus, 2008 number of common assumptions that frame theoretical debates

Similarly, how mechanisms contribute is partly a functionin cognitive science.

of the nature of a situation, or the demands of the task

(e.g., in terms of time pressure or executive functioning)The “Default”

For instance, rushing participants can make it dicult to Our paper has focused on the debate regarding the status

take another's perspectived¢rton and Keysar, 1996 but  of an egocentric “default perspective.” As we have discussed,

if a task is framed as collaborative, they may deploy morecross all the domains reviewed, there is a common debate

robust tracking of common groundBrown-Schmidt, 20090  regarding this issue. Our view is that positing a default state i

Similarly, in circumstances where the partner's perspectiag m overly simplistic. It overlooks the fact that important aspedts o

be unambiguously computed and tracked, participants magur capacity to coordinate extend across not just millisesynd

be fast to adopt the partner's perspective (for discussion sdrit also minutes and longer moments. The fastest processes

Shintel and Keysar, 2009; Galati and Brennan, pOliftleed, may occur only temporarily to buttress longer timescale

cultural factors can also modulate the degree to which iiailizls ~ mechanisms, such as the capacity for careful, deliberatisials

are attentive to their partner's perspectivé/{ and Keysar, organization.

2007. From the model, we can imagine a new sense of “default” here
Altogether, perspective taking is robust human sociothat focuses orthe most stablaspect of our perspective-taking,

cognitive capacity that is multiply constrained and supportedrather than where we tarry momentarilgt rst. At the onset

It is established by many processes, and how these procesegs task, there is a slowly changing response as the cognitive

are deployed will vary across contexts, depending on howystem settles into a strategy. The default response may be bes

information gets integrated over time. This view challenge identi ed as the global minimum of the potential landscapeg(e.
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FIGURE 5 | Under the condition that there is a bias for coherence, with, > 0, the vector eld promotes common descent into consistent atractors—the
processes facilitate each other. In this case, there is a sl tilt toward other-centric response C1) for the slow process kg) and again egocentric for the fast process
(Xp). There is mixed responding and the processes mutually refiorce the interpretations of each “decision”.

like that de ned in Equation (1) above, and shownhigure 1).  developmental, and computational considerations. Embraaing
This does not mean that responses are “slower” or “fasteriewv broad conception of perspective-taking permits researchers to
of the default. Instead, their interaction and how they shéipee  identify the speci c manifestation of this general conceptio
probability of our responses is better identi ed as that défau in di erent species, di erent development stages, and di erent
Even here, it is important not to focus on speed on its owntasks For example Anderson's (2014yecent account of the
but instead what that speeded response may be indicating abong¢ural basis for high-level cognition proposes that distinct
the perspective landscape that a task induces. We should no¢tworkf processes underlie various tasks. These networks can
unduly theoretically prioritize these rapid processes, whetihb emerge in distinct ways, combining di erent sets of processes

timescales play a critical role. from task to task. He analyzes brain region activity and gives
) _ each region a “functional ngerprint,” based on the distrilin
Necessity and Suf ciency of that region's activity over di erent tasks. Tasks can thes b

Some theories of the domains reviewed suggest that what ween as networks of processes working together. Convettsely,
ought to determine are the unique necessary and su cientsame processes are mixed di erently to sustain di erent tasks.
conditions for generating target states such as joint astio For example, primary visual cortex is involved in many tasks, in
(Bratman, 1998 In contrast, Tollefsen and Dale (201Zrgue  a pattern that endows it with a “ ngerprint” for that brain regn;

that developing overly rigid conceptions of these domains casimilarly, any task can be characterized as a distributicer tive

limit the explanatory value of a theory (sdénoblich and brain areas that contribute to its completion. Anderson skow
Jordan, 2002; Vinson et al., 2Q1fér related discussion). For this across a variety of domains. Such an account encourages
example, overly intellectualized cognitive conditions font  researchers not to nd necessary and su cient conditions,
actions restrict a theory's ability to connect to evolutamy, but rather explore how perspective is supported by multiple
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exible processes that are mixed to achieve the goals of a givenodeling strategy—task parameters may be explicitly modeled a
task. part of the landscape of responses.
The model we presented illustrates this tension between

necessity and su ciency. The dynamics of perspective-takingrhe Traditional Conception of “Innate”

emerge from a more uid interaction among processes alongrhis approach also challenges conceptions of “innateness”
the scales offable 1 The cognitive components that support 4pqg “specialization” that organize some of this literatusee

a given perspective interact dynamically and seek a stalt® st@jiscyssion in Cohen and German, 20).0By our general

to render a response. In the case of spatial cognition, fofie nition, human perspective-taking is buttressed by a suite
example, information may combine rather quickly and simplyof processes that supports mutual responsiveness. Some of
and participants quickly take up their own perspective, alkhose processes may be specialized, at the functional or
things being equal ghelton and McNamara, 20p1Here the neyrophysiological level (e.g., forward models and the aonirr
mechanisms are one's own spatial perception, proprioceptiveystem, respectively, for supporting prediction about others'
information, and assumptions about the task. However if &ctions). But we would argue that human perspective-taking
subtle cue is perceived or activated in memory, such as & not innate in the classic sense, of involving a unitary,
participants lack of understandingS¢hober, 2009 it may  genetically prescribed mechanism. Human perspective-taking
enhance or “tilt” the potential landscape, and even though thes instead highly uid. Faster and slower processes can work
more strategic elements of a response are slower, they may f@ether or at di erent times, coming online under cognitiged
more entrenched and force the egocentric processes to folloyssk constraints. But the overarching outcome, the funity
There is evidence that spatial cognition operates through suGejevant one for a social species, is task-relevant mutual
cooperating representation8(rgess, 2006In neither of these responsiveness. Perspective-taking may be a highly robust
cases is one or the other timescale “necessary” or “su Cientgqcia| trait designed to be exible and adaptive for the many

alone. coordinative tasks we face. Robustness, in the worditdr(o,
2004 p. 827), is “the maintenance of specic functionalities
Beyond the Cortex of the system against perturbations, and it often requires th

The functional role of the environment—including both astdts system to change its mode of operation in a exible way. In
and conspeci cs—is posited by distributed cognition and @l other words, robustness allows changes in the structure and
domains utchins, 1995; Clark, 1996; Clark and Chalmerscomponents of the system owing to perturbations, but speci ¢
1999. Human capacity for other-centrism need not be delimitedfynctions are maintained.” Mutual responsiveness in humans
by our cranium (No€, 200%. For instance, our capacity to adopt may pe so adaptive agianerasocial ability that it is maintained
perspectives distinct from our own sensorimotor perspective capy the constellation of cognitive processes with which we are
be supported by external tools for visualization, rangingrfro equipped.

hand-drawn diagrams to virtual reality technology, whigadily The simple dynamic model portrays an interplay among
permit representing and monitoring perspectives (of the 5e'f)rocesses, rather than a unitary innate perspective-taking
and of others|ieberman, 2007 Particular social con gurations echanism. One possibility is that human perspective-taking
can also amplify how external tools are used for purposes Qf ects a layering of processes at various timescales, aad th
perspective-taking. A provocative recent theory for languaggrocesses at a very fast timescale, such as human perceptuomoto
evolution is that only small neuroendocrinological chasgeay responsiveness, may be a “cognitive homology” with other
be needed to support strong social bonds in mammalsx(and  species, such as schooling sh. Humans have more layers of
Finlay, 201) and that such a change in our own species Ma¥yrocessing, expanding our capacities beyond the timescae of t
have facilitated a strong social “glue.” Social cohesidghisfsort  pere and now, and into more complex domains. Such a proposal,
would bring humans into strong and attentive groups, with ourpowever, risks dangers of a teleological conception of human

big primate brains then enhancing the socially structurintgrof  ¢ognitive evolution Penn et al., 2008In any case, whether some
the environment and artifacts. These material objects ltavee o 5)| of these (potentially layered) processes are innatetsde

to organize our mutual experience and mental proces$e&(  the scope of our present discussion.
etal., 201p

In our model, this intrinsic integration with the environnme
is possible by linking the constraints of a task or environmen THE EMERGENTIST APPROACH TO

to the decision dynamics. Recent work on dynamic systemSTUDYING HUMAN OTHER-CENTRISM

shows how this may be accomplished, with theoretically

interesting resultsyoshimi (2012)denti es what he calls “active We have argued that perspective-taking is emergent, from an
internalism” to describe open dynamical systems. In thiswie interplay among diverse processes, in order for people to adapt
the dynamics of the environment interact continually with to varied tasks. This thesis motivated a dynamical systeotein
dynamics that are intrinsic (or “internal”) to a cognitivgstem. Though the model is simple, it illustrates the relationshipang

This produces a new landscape that is shaped by this actipeocesses, and makes our claims computationally explicit. We
interaction. Yoshimi (2012)supplies some elegant examplesargued in the preceding section that it promotes a di erent
of this in the realms of consciousness and phenomenologyiewpoint on several issues of perspective-taking, such as the
The process of perspective-taking could make use of this sarfgefault.”
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In our model, perspective emerges from a stabilization ofeatures align (e.g., moral§einberg and Willer, 20%5e.g.,
state variablexp andxs. This kind of stabilization is sometimes behaviorsLakin et al., 20013
called acollective variabldn the realm of dynamical systems, a
collective variable is a “coordinated pattern” thatin tugoverns ~ Integrative Modeling
and constrains the behavior of the individual partg&(so, 1995 If there are both shared and distinct subsystems, then devedopi
pp. 8-9). It describes the macroscopic behavior of the system aa broader understanding of the integration among elemetits o
whole, and its functional properties at a coarser level of @igly perspective is key. One way forward is integrative computation
In other words, a perspective emerges from interactions amongrodels. The model we presented here may be a start to dynamical
our cognitive processes, including basic (e.g., priming)moede  systems modeling (based drnuller et al., 199% The model is
specialized ones (e.g., forward models). Once establishedsimple, but makes more explicit our hypotheses about timescale
perspective can feed back onto those cognitive processes anteractions. Recent work has sought to put aspects of perception
constrain their performance. As a collective variable, patype-  and cognition into such attractor systems (e.grank et al.,
taking constitutes the coordination dynamics of the inteliag  2009. By further exploring parameters that may extend our two-
parts of a system that maintain responsiveness to other osgai  dimensional system, it may be possible to render predictions
through emergent and self-organized behavior. For exampl@bout more speci ¢ task contexts. Neural network models may
in our model, as one aspect of the system stabilizes into oripply another arena to build in multiple constraints and t
perspective or another, relationships among them can “pulltiata trends in di erent interactive domains, such as spatial
other parts of a system along. Itis a capacity that is notde bgd perspective-taking uran et al., 2016 Such computational
the particular con guration of the cognitive system, but instead models allow explicit formulation of collective variablesda
by (temporarily) stable perspectives as its functional outeom  exploration of their dynamic properties.

Distilling observed social behaviors onto a collective We have noted that the account we develop here implies that
variable—perspective and perspective-taking—may provide gerspective-taking is not a unitary process—not a single self-
tractable and generalizable way of modeling the dynamics abntained architecture, but rather a varied cognitive solu
interaction. We believe this conception of perspective-tgkin emerging from a mixture of processes under tasks. A possible
generally construed, encourages new or burgeoning thieatet critique of this account is that its value will depend upon
and empirical questions. We address some of these below. exploring how theoretically productive it is. Our discussion
in this section, and in the prior section, elaborates on
Int ti A D - some directions that may be considered productive. However,
nieractions Among bomains the integrative modeling approach may also facilitate this

If perspgctive-taking is a gengral process, emerging from maﬂyroductivity. Even if one disagrees with our non-unitaryrste,
mechanisms and task constraints, then we should expectdumalthe current state of aairs is one of moderate fractionation

Ito :jnteract. St_eemg Eersp;}ectwe-tal;w_\g n S_UCh hgene_ral ter Snon-unitariness”). We highlighted this in the introduicin
eads to questions about how much Interaction there Is among, paper. This fractionation motivated our review that

types of perspective (beliefs, perceptions, emotions, and o 0 rspective-taking is central to many elds of cognitive acie

and h(.).W l_JroadIy interactive th(_ay are. Suc_h inter_action_s MYt these are rarely systematically integrated. So eveintea
be facilitative. For example, social perspective-takindsskihy these domains alone, so to speak, we are left with a non-ynitar
Situation Our discussion highlights their connections through
shared mechanismdntegrative modeling may help form a
computational basis for bridging these areas, and undedétan

Ki Sevitsk | 2011and indeed fal which mechanisms support perspective-taking tasks. In an ironic
taking processesSguitsky et al., 20),Land indeed false or sense, embracing non-unitary explanations can help devalop

failed perspective may lead social judgments astegpl(et al., broader understanding of speci ¢ domains.
2019°. Some cognitive neuroscience research suggests that these
domains may have both shared and distinct substrates, stigge Dynamic Structure

that interaction is possible, but that mechanisms may alseha It is still generally unknown how perspective-taking unfolds.

distinct bases (e.g., for empathy vs. TO"}"H”Ske _et al., 20)5 ._Some signi cant progress in psycholinguistics has been aetiev
In general, there is much work left to do in studying the way 'nusing eye-tracking measurements (e.g., xations on target

which mechanlsms sgpport sign! capt task tf"’?”Sf?r € ects. Forreferents), which permits researchers to identify the tirarse
example, a massive literature in social cognition indicétese

. i . e . . with which perspectives are considered (eVgy et al., 2018

are spillover e ects in social positivity when certain perspezti In addition, brain imaging techniques and other cognitive
tasks have revealed that perspectives may indeed overlap and

Sindeed a critical aspect of perspective-taking and interactmrihie capacity —contribute jointly during some tasks, such as spatial cogniti

to decoupleand coordinate more complexly with another person. We cannotand navigation Burgess, 2006; Gagnon et al., 201¢¥may be

elaborate on this issue here, but some intriguing recent work on miggsand that a distinct signature in EEG spectral properties may mark

describing this tendency is worth consideringugaroli et al., 2012; Raczaszek- the emergence of social coordination and related phenomena

Leonardi et al., 2094 In this work, the dyad (or group) is seen as coordinating - g _ p .

more than just perspective, but also aspects of overt behavioraraiemental (1 0gNoli and.KeIso, .2035An0ther related behavioral method IS

constraints to adapt to and carry out structured tasks. mouse-tracking, which yields measures of arm movementtewhi

threat (Tarampi et al., 2016 Domain interaction may act in an
inhibitory fashion. Sharing considerable history and cegence
among friends may lead tisengagemenf certain perspective-
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perspective decisions are madeifan et al., 2011cf. Spivey and et al., 201). This suggests that interaction among cues might

Dale, 2006; Spivey, 2007; Freeman and Ambady,)2011 alter cognitive dynamics in surprisingly profound ways. Taking
Such measures can inform many still open questions abow dynamic approach may expand such questions, and develop a

the dynamic structure of perspective-taking. How non-linesr i deeper understanding of how humans integrate particular giece

perspective-taking change? Does it occur in a rapid shift, osfinformation about a task partner.

do perspectives compete more slowly? How does perspective

selection stabilize under di erent task constraints? Exjpigr CONCLUSION

dynamic instability is compatible with our view of perspective

taking as a collective variable; collective variables &g, \ye have argued that perspective and perspective-taking should
de nition, the dimension on which self-organized, spontams  pe ynderstood as an integration of various processes, amsscr
change in patterns occurs in the system (e.g., qualitatiiesshi jneracting timescales. The result is a “big tent” approach to
such as uctuations from egocentric to other-centric oriation, perspective that discourages unitary explanations anchooed t
or vice-versa). o _one domain, or separately in several domains. A dynamical
One dynamic behavioral index that can capture the m“'“'systems approach, illustrated by a simple model here, supports
scale structure of perspective-taking is complexity matchingy conception of perspective and perspective-taking as stable
This framework for capturing coordination comes from the henayioral strategies generatedrbany (potentially interacting)
domain of statistical physics, in which complex networkfaetors, not just domain-speci ¢ mechanisms. It leads to new
coupling is modeled for maximal information transfeVest  qethods and new guestions. Though space restricts us here,
et aI.,_ZOQB Evidence of complexity matching in interpersonal e would argue that it has other benets than just those
coordination has been recently found in terms of bothgegeribed above. A general conception is broad enough to
perceptuomotor behavior and speech, with the degree qfnk 1o comparative and evolutionary questions. It is more
complexity matching varying under dierent task constraints eyiple for exploring graded developmental trajectories as
(Marmelat and Delignieres, 2012; Abney etal., 3014 _perspective-taking emerges in children. It may motivate iplet
_ Seeking such dynamic behavioral indices, including intrai gjstinct computational paths for perspective-taking in epigene
imaging and implicit behavioral measures, could better CEptU (opotics and other frameworks of articial intelligencet |

the emergence of a perspective strategy and reveal howtimescqnay also help link subdomains, and facilitate new theory
behave. For example, complexity matching of speech durin&evelopment.

communication reveals which timescales are more or lesdedec
by a task Ramirez-Aristizabal et al., 20L8These distinct

characteristics of temporal structure in speech are hypatkesi AUTHOR CONTRIBUTIONS
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