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Abstract 

What would a theory of visuospatial perspective taking (VSPT) look like? Here, ten 

researchers in the field, many with different theoretical viewpoints and empirical approaches, 

present their consensus on the three big questions we need to answer in order to bring this 

theory (or these theories) closer.  

 

Key words: visuospatial perspective taking; visual perspective; spatial perspective; 

perspective taking; social cognition  
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As cognitive scientists, we seek to generate theoretical frameworks or models that can 

predict and explain behaviour. Visuospatial perspective taking (henceforth VSPT) is 

considered by many researchers to be a key component of social cognition, self-other 

distinction, communication, and navigation (e.g., Clark & Brennan, 1991; Hamilton, 

Brindley, & Frith, 2009; Kampis & Southgate, 2020; Schurz et al., 2013; Wolbers & Hegarty, 

2010). For example, taking others' perspectives facilitates trust in others (Erle, Ruessmann, & 

Topolinski, 2018), leads to shared spatial frames of reference (Samuel et al., 2020) and 

shared psychological perspectives (e.g. Erle & Topolinski, 2017). Understanding what 

someone else sees underpins the successful use of language, such as the grounding effect of 

knowing what an interlocutor sees and is therefore aware of ('copresence'), which impacts the 

choice of determiners the/a (Clark & Brennan, 1991). The self-other distinction that VSPT 

provokes has been argued to reinforce self-consciousness (see Arnold, Spence, & Auvray, 

2017). In sum, a better understanding of VSPT is likely to benefit our understanding not only 

of wider social cognition but also spatial cognition, motor representations, communication 

and even philosophy of mind. However, consensus is lacking regarding key theoretical points 

in the field (e.g., Cole et al., 2020). In March 2023 the present ten authors, all researchers 

with a shared interest in VSPT, gathered at a specially organised workshop to share research 

and discuss ideas. Attendees were selected to represent a diversity of viewpoints and thereby 

promote the most vigorous debate possible. Despite our differences, we worked to achieve a 

consensus on the most important questions which, if answered, would help all of us and (we 

hope) the wider research community in navigating this field going forward. Here, we report 

these questions and explain why we believe they are crucial to furthering the goal of 

formulating a theory of VSPT. 
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What do we Mean Here by VSPT? 

The task of defining VSPT is made difficult given that our questions get to the heart 

of what VSPT is and should therefore precede a definition rather than follow it. For example, 

we considered as a guide a definition arising out of a recent study led by Francois Quesque 

(under review) and generated from the collated opinions of multiple specialists in the field: 

"Visuo-spatial perspective taking is the process by which one represents a scene from 

another person's viewpoint, by adopting their perspective." However, for the purposes of this 

paper we have opted instead for a more theory-neutral definition. The entailments around 

VSPT as necessarily about a person, representing scenes, and so on, are best determined by 

the answers to our questions rather than a priori. We define VSPT here as any process by 

which one infers something about the visual or spatial properties of a scene in relation to 

another person or position (e.g., Hamilton et al., 2014; Quesque et al., 2018). 

 

Question 1. Which Processes, if any, are Shared Across Different Forms of VSPT? 

Our first question is not theory-neutral; it assumes (that is, we are convinced) that 

there is no one way to solve all VSPT tasks. Broken down, this question is about two things: 

what processes (if any) can solve more than one type of problem, and what types of problems 

(if any) can be solved by more than one process.  

The distinction between Level 1 vs. Level 2 perspective taking (Flavell et al., 1981; 

Masangkay et al., 1974) is well known. Within the context of VSPT, Level 1 concerns the 

binary question of whether an agent sees something or not, and one process to solve such a 

problem is a line-of-sight one, whereby one concludes that a target is visible if a line from the 

agent to the target is unbroken by obstacles. This has been elegantly demonstrated through 

increasing response times the further away from the agent the target object is, indicative of 

the time required to "mentally draw" the line (Michelon & Zacks, 2006). Level 2 VSPT 
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problems, on the other hand, concern inferences such as the relative spatial arrangement or 

visual appearance of objects. A line-of-sight process will not suffice to infer whether an 

object is on an agent's left or right, whether what appears to one person to be a number 6 

appears to another to be a number 9, or whether a yellow object viewed through a blue colour 

filter appears green. Thus, we can say with confidence that line-of-sight is not a process that 

could extend to solving Level 2 problems. Instead, Level 2 problems have been linked to a 

variety of other processes, including (but not limited to) embodiment (Erle & Topolinski, 

2017; Kessler & Rutherford, 2010; Surtees et al., 2013a, 2013b), object rotation (Langdon & 

Coltheart, 2001; Wraga et al., 2000), imaginatively simulating others’ perception (Ward et 

al., 2019; Ward et al., 2020), and rule-based reasoning (Samuel, Eacott, et al., 2022; Samuel 

et al., 2021).  

Understanding the VSPT “process toolkit” (see Box 1) and what each tool can be 

applied to is key to understanding what VSPT means. How can this be achieved? It should be 

possible to reverse engineer different processes by detecting the types of representation that 

each should elicit, such as whether they are minimal (e.g., "registrations" of agent-object-

property links: Apperly & Butterfill, 2009), "classically" propositional (e.g., she sees a 9), 

quasi-perceptual (a mental image simulating others' visual experience), or rule-based (e.g. on 

my left + she's facing me = on her right). Detection may be aided by the fact that 

representations vary in the ease with which they capture different kinds of information – for 

example, minimal representations of agent-object properties cannot capture the difference 

between seeing a symbol as a “6” or a “9”. Variation in demands on cognitive resources is 

also potentially informative, because more minimal representations may be faster and more 

efficient, while more flexible representations are likely also to be more complex processes 

and therefore slower and more costly (e.g., Apperly & Butterfill, 2009; Butterfill & Apperly, 

2013).  
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Box 1. Examples of processes (or "tools") that may be used to solve VSPT problems 

Embodiment - Rotating the perceiver's own body schema into the position of the agent. 

Utilising directional cues -  Utilising directional cues (e.g. canonical orientation of object, 

gaze, body orientation) present in a scene. 

Geometrical computation - Mentally operating geometrical reasoning (e.g. something 

oriented at 180° from a perspective [i.e. facing me], is oriented at -90° from a perspective at 

270° from the first [i.e. from my right]).  

Line-of-sight drawing - Determining whether the line between the agent's eyes and the target 

is broken (or not) by obstacles. 

Minimal registrations - The registration of agent-object-property links. 

Object rotation - Creating a mental image of an object from all directions and rotating 

this mental image to select the one that would fit another given perspective. 

Propositional representations - Representing perspectives propositionally, such as she sees a 

9. 

Rule-based reasoning - For example, using folk optics laws to determine how something 

would appear to another agent (e.g. looking through sunglasses provides a darker view), or 

applying simple rules such as 6 = 9 upside-down. 

Simulating others’ perception - Quasi-perceptually representing the content of another's 

perspective in a way that is analogous to first-person visual perception. 

 

Different problem types often prompt different processes (e.g., Surtees et al., 2013b; 

Wang et al., 2006), but the relationship between problem and process is likely to be more 

complex. While a single problem type (such as whether someone opposite you sees a 9 when 

you see a 6) might itself be solvable in different ways, hence by multiple processes, so might 

a single process (e.g., embodiment) cover a variety of problem types. This potentially quite 
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fluid interplay of process and problem type, itself very possibly mediated by rich and 

complex individual differences (cf. Question 3), is central to understanding and predicting 

what will happen when an individual is presented with a given VSPT problem. Clarifying and 

accounting for this interplay must be central goals of any theory of VSPT and is therefore the 

rationale for (and benefit of) this question. 

 

Question 2. When Might VSPT not be Specifically Social Cognition? 

Understanding the different processes that function within the domain of VSPT is 

crucial, but to understand more about what VSPT means it is also important to identify to 

what extent any of these processes can be applied to other types of task or other types of 

representation. VSPT has often been linked with social cognitive concepts related to the 

inference of others' thoughts, beliefs, intentions, and affective states. This leads us to our 

second key question. 

In a series of studies, Quesque et al. (2020) asked participants to describe the spatial 

relations between objects in visual scenes. A significant proportion of respondents 

spontaneously took the "perspective" of a seat in the scene, even when the seat was not 

referred to, and even when there was also a social agent in the scene (see also Quesque et al., 

2018; Surtees et al., 2012). Other studies have demonstrated that effects previously 

considered to reflect the operation of a social-specific perspective-taking mechanism (e.g. the 

interference of the other's perspective when judging one's own perspective in the Dot 

Perspective-taking task; Samson et al., 2010) can be generated by other, non-social processes 

(e.g. Conway et al., 2017; Heyes, 2014; Santiesteban et al., 2014; Santiesteban et al., 2017). 

The current evidence is increasingly consistent in demonstrating that VSPT tasks 

recruit processes that do not need to be specifically social. This observation could be 

interpreted in three ways: (1) some forms of VSPT recruit non-social processes, (2) there are 
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alternative routes or strategies afforded by some VSPT situations, and (3) there is individual 

variability regarding participants' propensity to use non-social heuristics rather than 

(potentially) more effortful social-specific processes. These options need not be mutually 

exclusive. 

Just as for Question 1, this question also gets to the heart of what VSPT actually is. 

Consider chairs, which neither see anything nor have a perspective but do have a "front" and 

can be the centre of a "frame of reference". In these respects a person is also like a chair. If 

you're asked what that person sees, and you only consider her frame of reference and answer 

with what's in front of her, have you done VSPT? Does VSPT require the consideration of a 

mental state to be VSPT? 

Such questions about the scope of VSPT will not be settled by empirical evidence. 

One may choose to define VSPT as requiring the consideration of a mental state, without 

which it is not VSPT but something else, such as domain-general problem solving. 

Alternatively, one may opt for a definition which defines any process which solves a VSPT 

problem as a VSPT process, social or otherwise. According to the latter view, although the 

debate around social vs. non-social VSPT has enabled us to gain insights about the nature of 

the processes underlying perspective taking and the methodological complexity required to 

capture it, whether a process an individual uses is also applied to arrows or chairs does not 

make the process less important to understand how we solve VSPT problems. A variation on 

this option is the view that social processes are co-opted for non-social VSPT. This is 

effectively the inverse of the argument that domain general or non-social, rule-based 

processes serve VSPT with agents. For instance, face detection is unquestionably an 

important social process but faces are often spontaneously perceived on inanimate objects, by 

adult and infant humans and by non-human apes (i.e. pareidolia; Taubert et al., 2017). Maybe 

considering some processes as “social but non-specific” could better describe a range of 
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highly efficient social processes that primarily serve social adaptation but can be applied to 

inanimate objects. Again, it could be that both sides of this argument are simultaneously 

correct (some social processes serve non-social VSPT while some domain-general processes 

serve VSPT with agents). 

The empirical programme for social-specificity concerns which processes, if any, do 

not work (or do not work the same way) for VSPT with both agents and non-agents. Those 

which cut across both contexts could instead be classified as domain-general, not social-

specific, or alternatively, social but non-specific. The answer to this question goes beyond a 

philosophical understanding around the nature of VSPT; it also has ramifications for clinical 

settings (for instance, interventions and/or training to improve a particular process would 

differ if that process were social-specific compared to if it were domain-general) and for our 

understanding of VSPT performance from an evolutionary and comparative cognition 

perspective. 

There is a strong argument for moving beyond the standard experimental paradigms 

to study this question. Ideally, we should study how VSPT works in naturalistic social 

situations, which are typically situations with a lot of information to process, under time 

pressure, and with few cognitive resources to spare (Del Sette et al., 2022). In such 

conditions, individuals are perhaps more prone to use heuristics which could qualify as non-

social. In other words, the answer to this question may well be that VSPT is partly social and 

partly domain-general, and any line drawn between them could shift with the varying 

demands of real-world performance. It could also shift inter- and intra-individually. This 

leads us to our third key question. 
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Question 3. Are There Individual Differences in VSPT, and What Accounts for Them? 

Individual differences in VSPT have received significant attention only in the last 

decade or so (e.g., Bukowski & Samson, 2017; Erle, 2019; Erle et al., 2019; Job et al., 2021; 

Kessler et al., 2014; Kessler & Wang, 2012; for a review see Samuel, Cole, et al., 2022). For 

example, a preference for embodied perspective taking over mental rotation of scenes to fit 

the self perspective may be more common in women than men (Kessler & Wang, 2012). 

Bilingualism has been associated with precocious perspective taking, such as when judging 

whether a turtle is 'on its back' or 'on its feet' in a picture between a child and an experimenter 

(Goetz, 2003). Important individual differences on the Dot Perspective-taking task have been 

evidenced, where performance could be disentangled into four profiles: egocentric versus 

altercentric perspective takers (based on how much better one performs at adopting the self- 

versus other person’s perspective irrespective of the presence of a viewpoint conflict) and 

conflicted versus flexible perspective takers (based on how much they struggle at selecting 

one perspective when the self- and other perspective are conflicting irrespective of the 

perspective to adopt; see Bukowski & Samson, 2017 for details). Another example of 

privileged-by-default perspective comes from the graphesthesia task, which consists of the 

recognition of ambiguous letters (b,d,p,q) "projected" on the stomach using vibrators (e.g., 

Arnold et al., 2016). Investigators have learned that perspective taking abilities are linked to 

interoceptive and sensory factors as well as with personality-traits. First, better interoceptive 

awareness is associated with a preference for a decentred (non-egocentric) perspective, likely 

reflecting stronger perceived boundaries between internal states and the external world 

(Baiano et al., 2023). In addition, perspective taking abilities are influenced by sensory 

impairments, as deficits in the visual modality decrease allocentric and increase egocentric 

perspective taking, those in the vestibular system decrease egocentric perspective taking, and 

those in the auditory system increase the decentred one (see Job, Kirsch, & Auvray, 2022). 
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Finally, lower interpersonal anxiety and higher social intelligence is associated with a 

stronger grounding in one’s natural spatial perspective, i.e. the perspective participants 

spontaneously adopt when given the choice (about 80% of people spontaneously choose an 

ego-centred perspective and 20% a decentred one; Arnold et al., 2016; Job et al., 2021).  

We have identified four distinct levels at which individual differences may operate: i) 

propensity to take perspectives; ii) default perspective; iii) process selection (cf. Question 1); 

and iv) performance. When addressing the question of individual differences, it will be 

important to determine the extent to which variance is due to '"true" individual differences in 

VSPT processes; which aspects of performance are instead due to individual differences in 

other, perhaps domain-general processes such as attention, inhibition, or conflict resolution, 

or in stable traits; and which aspects are due to transitory and/or environmental factors such 

as the individual’s emotional state (e.g., guilt feelings make individuals more other-centred 

whereas feeling ashamed or being sleep-deprived impairs the capacity to select one 

perspective; Bukowski & Samson, 2016; Deliens et al., 2018). For clinical application, if the 

source is a domain-general process like conflict resolution, one would design different 

interventions than if the source is a VSPT-specific process (cf. Question 2). 

 

Conclusion 

These three questions were selected from among multiple candidates because we all 

agree that the answers to them will move us towards the goal of a theory (or theories) of 

VSPT. However, depending on these answers, it may yet be that the more principled case is 

for the fragmentation of VSPT into separate fields. For example, future work may 

demonstrate that the grouping together of both visual and spatial perspective taking is 

theoretically unwarranted. The classic Level 1 vs. Level 2 contrast may prove to be so sharp 

as to require independent accounts, with perhaps one or two processes alone accounting for 
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the former but a plethora for the latter. We are sceptical that any one of the many processes 

involved in Level 2 VSPT is essential. As an alternative it could be that particular instances 

of Level 2 VSPT instead bear a “family resemblance” to one another, with each instance 

involving a set of processes that only partially overlaps with others. Or instead there might be 

distinct clusters of tasks that involve largely dissimilar processes, in which case these clusters 

would replace the Level 2 category altogether. We note that similar challenges have been 

identified in the literature on executive functions, where they have been tackled with some 

success through converging evidence from task analysis, and analysis of the covariance 

structures of behavioural data and neural correlates (e.g., Friedman & Miyake, 2017). Finally, 

future data may reveal a blurring of the social vs. non-social distinction. Whether the answers 

to these questions culminate in greater synthesis or greater segmentation, they will advance 

our understanding of VSPT. 
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