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ABSTRACT 

 

Perspective taking (PT) is the ability to imagine perspectives that differ from our 

own. Understanding what others believe (cognitive PT) and feel (affective PT) allows us 

to better navigate social situations, and understanding what others see (spatial PT) allows 

us to better navigate spatial environments. Deficits in spatial, cognitive, and affective PT 

are apparent in several DSM–5 categorized clinical populations including autism 

spectrum disorder (ASD) and major depressive disorder (MDD). Further, differences in 

the severity of PT impairments may be related to general mechanisms that support this 

ability rather than diagnostic categories. However, the general cognitive mechanisms that 

support PT and whether spatial, cognitive, and affective PT share behavioral co-variance 

and rely on common neural mechanisms is not yet understood.  

There are at least two theoretical accounts regarding the association of spatial, 

cognitive, and affective PT. Common mechanisms accounts propose that the three types 

of PT are associated because all rely on manipulation of frame-of-reference 

representations coordinated by dorsal and ventral attentional networks. Alternative 

proposals suggest that attentional mechanisms support spatial PT, but cognitive and 

affective PT are supported by a distinct module for mental state reasoning. In this 

dissertation, I begin by summarizing prior evidence from studies which examined the 

developmental emergence of PT abilities, behavioral co-variance of PT in neurotypical 

and clinically diagnosed adults, and neuroimaging studies of PT. Review of the literature 

indicates mixed findings with support for both common and distinct mechanisms 
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accounts. Thus, the present work probes the association of spatial, cognitive, and 

affective PT across two experiments. 

In Experiment 1, a systematic activation likelihood estimation meta-analysis of 

spatial, cognitive, and affective PT and attention switching was conducted. Results 

indicated no single neural region that was commonly associated with all three types of 

PT, but several overlapping regions among cognitive and affective PT, and separately 

among spatial PT and attention switching. In Experiment 2, two behavioral tasks and one 

self-report measure each of spatial, cognitive, and affective PT, a behavioral measure of 

attention and general reasoning ability were administered to large sample of young 

adults. Performance on spatial PT tasks did not significantly covary with cognitive PT, 

attention, nor two of the three affective PT measures in neurotypical adults. In sum, 

neural and behavioral experiments provided substantial support for distinct mechanisms 

accounts and only limited support for common mechanisms accounts of PT in 

neurotypical adults.   
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CHAPTER 1 

GENERAL INTRODUCTION 

 

Perspective taking (PT) is a term used in both cognitive and social psychology to 

describe the ability to imagine another’s perspective: what others see (spatial PT), believe 

(cognitive PT), and feel (affective PT). Research in both of these psychology disciplines 

avows the importance of perspective taking for outcomes in a host of areas such as 

lifespan development, education, public health, and psychopathology. For example, work 

in cognitive psychology has found that spatial PT supports successful spatial navigation 

of large-scale environments (Allen et al., 1996; Fields & Shelton, 2006; Kozhevnikov et 

al., 2006; Nazareth et al., 2018), and may also contribute to educational achievement and 

career success in science, technology, engineering, and mathematics (STEM) disciplines 

such as astronomy and geoscience (Oldakowski, 2001; Plummer et al., 2016; Wai et al., 

2009). On the other hand, research in social psychology has found that cognitive and 

affective PT are important for forming and maintaining high-quality social relationships 

(Galinsky et al., 2005; Hughes & Leekam, 2004; Long & Andrews, 1990), and may play 

a role in the development, progress, and response to treatment of substance abuse 

disorders (Bora & Zorlu, 2017; Quednow, 2017). Deficits in cognitive and affective PT 

are also characteristic features of many DSM-5 categorized clinical populations (Cotter et 

al., 2018) including autism spectrum disorder (ASD; Baron-Cohen, 2000), major 

depressive disorder (MDD; Bora & Berk, 2016), and schizophrenia (Bonfils et al., 2016; 

Sprong et al., 2007). Further, it has been proposed that differences in the severity of 

perspective-taking impairments may be related to general mechanisms that support this 
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ability regardless of diagnostic category (e.g., Richard & Lajiness-O’Neill, 2015; Zobel 

et al., 2010), such as in the Research Domain Criteria framework (Cuthbert, 2014). 

It is clear that perspective taking in spatial, cognitive, and affective domains is 

critical for navigating our spatial and social environments, is relevant for educational 

outcomes, and can help us better understand substance abuse as well as developmental 

and psychopathological disorders. However, the cognitive mechanisms that support 

successful perspective taking are still largely unknown. Further, the nature of perspective 

taking as a construct, particularly whether it forms a singular dimension across spatial, 

cognitive, and affective domains is debated. Investigating if these three types of 

perspective-taking abilities are associated or dissociated can help researchers better 

conceptualize the construct of perspective taking and guide identification of general 

mechanisms that support it either across or within domains. Thus, the primary aim of the 

present work was to investigate the neural and behavioral association of spatial, 

cognitive, and affective perspective taking across two experiments. In the remainder of 

this chapter, I describe perspective taking in each domain and its proposed levels across 

early development. I then describe two theoretical accounts regarding the association of 

spatial, cognitive, and affective perspective taking, and their neural mechanisms. Finally, 

I end the chapter by reviewing evidence from previous behavioral studies of neurotypical 

adults, children, and clinical populations in support of each theoretical account. 

 

Types and Levels of Perspective Taking 

In the spatial domain, PT is categorized in two levels (Flavell et al., 1981). 

Earlier-developing level 1 spatial PT (sometimes also referred to as perspective tracking) 
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is the ability to identify what can be seen from a particular spatial vantage point. This can 

be achieved by tracing a line between someone’s gaze and a particular target and 

determining whether this line of sight is occluded or not. Later-developing level 2 spatial 

PT is the ability to more precisely imagine what a scene will look like from different 

spatial vantage points (N. Newcombe, 1989). This is thought to require mental self-

rotation of one’s spatial perspective around a scene while maintaining spatial 

relationships between objects and oneself in the environment.   

 Cognitive PT is the ability to imagine thoughts and beliefs that differ from 

one’s own. There are a range of terms used to describe abilities that require individuals to 

imagine alternative cognitive perspectives, including “theory of mind,” “mental state 

reasoning,” “mentalizing,” and “belief attribution”. Like the stages of development 

described for spatial PT, cognitive PT is also proposed by some researchers to have two 

developmental stages (e.g., Saxe et al., 2004). In general, early developing precursors are 

summarized by the ability to infer if another person is “connected” to a referent in the 

environment through physical cues. That is, to know if someone sees, wants, likes, or 

dislikes a referent based on gaze, actions, and facial expressions. Interestingly, this 

characterization of early-stage cognitive PT development encompasses level 1 spatial PT, 

the ability to know if someone can see something (Flavell, 1988; Saxe et al., 2004). 

Later-developing theory of mind comprises the ability to know that others not only have a 

physical connection to referents, but also that they have internal mental representations of 

them. Therefore, cognitive PT requires theory of mind and is the ability to more precisely 

imagine what another’s internal cognitive representation is. 
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 Similarly, affective PT is the ability to imagine feelings or emotions that might 

differ from one’s own. There are several terms used to describe abilities that require 

affective PT, including “affective theory of mind,” “affective mentalizing,” “empathy,” 

and “cognitive empathy.” As with the other types of PT, some researchers have proposed 

two stages of development for affective PT. Emotional empathy is an umbrella term often 

used to describe several early-developing precursors (such as emotional contagion in 

which one is affected by another’s emotional state; e.g., contagious crying in infants; 

Shamay-Tsoory, 2011) to mature affective PT abilities. Later-developing affective PT is 

the ability to more precisely imagine and reason about another’s internal affective state. 

 

Theoretical Accounts of Perspective Taking and its Neural Mechanisms 

 

Distinct Mechanisms Accounts 

Some researchers propose that perspective taking (PT) in different domains relies 

on distinct cognitive mechanisms and neural correlates. The degree to which different 

types of PT rely on separable mechanisms varies across theories, such that some 

researchers propose a fundamental distinction between the computations that support 

social (cognitive and affective PT) and spatial forms of PT, while others propose 

distinctions among “hot” and “cold” types of PT, and others yet among all three types of 

PT. The idea that social and spatial PT have distinct cognitive mechanisms is drawn in 

part from studies of individuals with autism spectrum disorder (ASD). For instance, 

Baron-Cohen (2009) proposed the empathizing-systemizing theory to explain why 

individuals with ASD have deficits in imagining others’ thoughts and feelings but spared 
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or even superior spatial abilities. Indeed, research in ASD populations indicates intact 

performance in object mental rotation (Muth et al., 2014; though, see Pearson et al., 2013 

for review of level 2 spatial PT deficits in ASD).  

Modularity theories of theory of mind propose there is an innate domain-specific 

neural mechanism (i.e., a theory of mind module) dedicated to mental state reasoning 

(e.g., Carruthers, 2013; Leslie et al., 2004). Saxe and colleagues, for example, propose 

that the neural module devoted to reasoning about mental states lies in the temporo-

parietal junction (TPJ; e.g., Saxe & Kanwisher, 2004; Saxe & Wexler, 2005). Early 

proposals from these researchers hypothesized that the TPJ is associated with reasoning 

about beliefs and emotions, but not other cognitive tasks (Saxe & Kanwisher, 2004; Saxe 

& Wexler, 2005). Thus, in this view, cognitive and affective PT are both thought to rely 

on the TPJ, while spatial PT does not. This group’s more recent views point to the 

potential for differential regional activation (manifest as relative differences in activation 

magnitude) when reasoning about different social mental states, with reasoning about 

cognitive mental states showing relatively stronger engagement of the TPJ, and reasoning 

about emotional mental states showing more engagement of medial prefrontal cortex 

(Kosakowski & Saxe, 2018).  

In the same vein, (Aichhorn et al., 2006) propose a similar but slightly different 

view, wherein distinct mechanisms support perspective-taking tasks that require 

representation of “cold” and “hot” mental states. Thus, spatial and cognitive PT are 

purported to involve reasoning about non-emotional or “cold” representations, and both 

are thought to commonly engage the posterior end of the superior temporal sulcus (pSTS) 

and TPJ. Conversely, affective PT and to a lesser extent also cognitive PT (but not spatial 
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PT) which require individuals to represent and predict emotional or “hot” mental states 

and their consequences are thought to additionally rely on neural mechanisms in the 

medial prefrontal cortex. Indeed, a wide variety of affective PT tasks have demonstrated 

robust functional activations of the medial prefrontal cortex (Ochsner et al., 2004). Such 

activations have not been reported consistently in previous neuroimaging studies of 

spatial PT (Schurz et al., 2013), and studies conducted with patients who have bilateral 

damage to ventral medial prefrontal cortex show no evidence of impaired cognitive PT 

abilities (Bird et al., 2004; Shamay-Tsoory et al., 2005; Shamay-Tsoory & Aharon-

Peretz, 2007; see Hillis, 2014 for review). 

Finally, another variant of distinct mechanisms accounts proposes that spatial PT 

is distinct from but supportive of cognitive and affective PT (Frith & Frith, 2006). Frith 

& Frith (2006) propose that understanding what others can see helps us to understand that 

others may have different knowledge and therefore different beliefs. In this view, spatial 

PT is proposed to help us better represent the precise cognitive and affective mental states 

of others. For example, these authors explain that by simply looking at someone’s face 

we may conclude they are afraid, but knowing precisely what they see (i.e., spatial PT) 

may help us to represent in our own minds what they are afraid of. Accordingly, these 

researchers conclude that spatial PT is supported by the pSTS, whereas the TPJ has a 

“necessary and more general role” in false belief understanding. 

 

Common Mechanisms Accounts 

Other researchers propose that spatial, cognitive, and affective PT may rely on 

common mental operations, with shared neural correlates (e.g., Aichhorn et al., 2006; 
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Arora et al., 2017; Gunia et al., 2021; Parkinson & Wheatley, 2013; Quesque & Rossetti, 

2020; Sun & Wang, 2014). One theory for why different types of PT may rely on 

common regions of the brain comes from an exaptation framework, wherein 

evolutionarily older circuits used for reasoning about physical space were later re-

purposed for social cognition (Parkinson & Wheatley, 2013). In this view, PT is thought 

of as a common computation performed across different domains. In models of spatial 

imagery, imagining egocentric frames of reference or first-person perspectives is 

associated with neural activity in posterior parietal cortex, and is thought to be updated 

during real or imagined motion in the precuneus (Bicanski & Burgess, 2018; Byrne et al., 

2007; Wolbers et al., 2008). Some researchers propose that we use similar frame-of-

reference representations to imagine and shift among different mental and emotional 

states in conceptual or abstract space during cognitive and affective PT. For instance, Sun 

and Wang (2014) propose that domain-general PT is implemented in a distributed 

network of brain regions including frontal-parietal attentional circuits that support 

expectation-driven competition between different frame-of-reference representations.  

The dual-attention model of dorsal and ventral fronto-parietal system functioning 

(Cabeza et al., 2012; Corbetta & Shulman, 2002), suggests that the dorsal (superior and 

posterior) parietal cortex mediates top-down goal-driven attention, while the ventral 

parietal cortex facilitates a reorienting of attention to behaviorally relevant stimuli when 

they unexpectedly enter working memory from the environment or long-term memory. 

Borrowing from this view, it has been proposed that spatial, cognitive, and affective PT 

may rely on common operations implemented in both bilateral dorsal attentional regions, 

frontal eye fields, intra-parietal sulcus, and in right ventral attentional regions such as the 
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right TPJ and right ventral frontal cortex (Sun & Wang, 2014). While previous research 

has firmly established that posterior parietal cortex activation is associated with switching 

attention between abstract concepts, such as among mental sets in task-switching 

paradigms (Kim et al., 2012; Worringer et al., 2019; Yamazaki et al., 2009), it remains 

underdetermined whether spatial, cognitive, and affective PT engage a common locus of 

activation within the dorsal-attentional network. Three previous meta-analyses reported 

that the right TPJ in the ventral attentional network is commonly associated with 

attention orienting (Posner paradigm; odd-ball target detection tasks), cognitive PT, and 

affective PT, but overlap with spatial PT was not investigated (Decety & Lamm, 2007; 

Krall et al., 2015; Van Overwalle & Baetens, 2009).  

Other proponents of the common mechanisms account propose that spatial, 

cognitive, and affective PT are associated to the extent that they all require processing 

inconsistencies between mental states (e.g., Aichhorn et al., 2006; Arora et al., 2017; 

Quesque & Rossetti, 2020; Schurz et al., 2013); however, the domain general role of 

attention orienting is not necessarily considered in this view. Instead, level 2 spatial PT is 

thought to require reasoning about mental states, because it requires generating meta-

representations (i.e., representing in our own minds what we think someone else is 

representing in their mind) of what another sees, and differentiating this internal 

representation from our own first-person experience. This view was largely formed by an 

early neuroimaging study of level 2 spatial PT which found neural activation in the left 

posterior TPJ/STS (Aichhorn et al., 2006). Later, another neuroimaging study found that 

the left TPJ/STS was commonly activated when participants read sentences about what 

another person saw, thought, or felt (Zaitchik et al., 2010). Following these two 
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experiments, a meta-analysis was published that investigated the functional neural 

convergence between spatial and cognitive PT (false belief tasks) which found that the 

left posterior TPJ and precuneus were commonly activated (Schurz et al., 2013; see also 

Arora et al., 2017). That meta-analysis, however, contained no experiments with affective 

PT tasks, and included relatively few experiments with level 2 spatial PT tasks due to the 

limited availability of relevant data at the time. 

 

Behavioral Studies on the Association of Perspective Taking Abilities 

 

Research in Early Neurotypical Development 

Some of the earliest behavioral research on spatial PT was conducted with young 

children by Piaget and Inhelder (1956). Their “three mountains task” consisted of a 

physical display of three model mountains. A doll was placed at various points around 

the scene, and children were asked how the doll saw the display from where it was 

sitting. Young children tended to make systematic errors, selecting their own view as 

opposed to the doll’s view (i.e., egocentric errors). This work spurred a plethora of 

research studies regarding children’s egocentrism and perspective taking in social 

domains, including studies of children’s cognitive and affective PT (Chandler, 2000). The 

question of whether spatial, cognitive, and affective PT rely on common or distinct 

mechanisms during early neurotypical development is the main question addressed in this 

section. I will first describe evidence from the developmental emergence of these abilities 

followed by evidence of behavioral covariance (or lack thereof) in childhood.  
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Developmental Emergence of Perspective Taking. One form of evidence that 

may be used to support or refute common or distinct mechanisms accounts of perspective 

taking is the developmental emergence of different perspective-taking abilities. That is, if 

spatial, cognitive, and affective PT develop along similar trajectories, they may be 

supported by common mechanisms. Alternatively, if these three abilities emerge at 

different times during development, this may provide support of distinct mechanisms 

accounts. Level 2 spatial PT is proposed to emerge around 4 to 5 years of age (Flavell et 

al., 1981; N. Newcombe, 1989), when children begin to show above chance-levels of 

performance in identifying what a scene looks like from another’s spatial vantage point. 

There is a large decrease in errors at around 7 years of age, and children show individual 

variability in their success by 8 to 10 years of age (Frick et al., 2014; N. Newcombe, 

1989; Salatas & Flavell, 1976).  

Comparing the timeline of spatial PT development with cognitive and affective 

PT development is challenging because there are competing theories regarding the 

development of social PT abilities. Some researchers who are proponents of the 

conceptual change hypothesis (e.g., Perner, 1991; Wellman, 1992) propose that the 

ability to reason about mental states that is required for cognitive and affective PT 

emerges around 4 to 5 years of age, when children begin to perform at above chance-

levels in identifying false beliefs of others (Saxe et al., 2004; Wellman et al., 2001). 

Children’s errors on cognitive PT tasks have been shown to continuously decrease from 7 

to 17 years of age (Dumontheil et al., 2010). If these conclusions regarding the 

development of cognitive PT are correct, then it would appear that spatial, cognitive PT, 

and affective PT emerge along similar timelines and may share common mechanisms.  
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Alternatively, there are several claims regarding the development of cognitive and 

affective PT that are inconsistent with the idea that social PT develops in tandem with 

spatial PT. For example, proponents of modularity theories of theory of mind propose 

that conceptual understanding of mental states are present in infancy, but difficulties with 

cognitive control prevent correct responses on tasks before 3 to 5 years of age (Fodor, 

1992; Leslie et al., 2004). In addition, others have proposed that early forms of social PT 

develop before early forms of spatial PT (Moll & Kadipasaoglu, 2013). Further, affective 

PT is thought by some researchers to rely on independent developmental mechanisms 

from cognitive PT, with advanced forms of affective PT emerging around age six, a year 

later than those of cognitive PT (Gallant et al., 2020). Therefore, some empirical lines of 

work also provide support for distinct mechanisms accounts of spatial, cognitive, and 

affective PT.  

Attempting to synthesize evidence from studies on the developmental emergence 

of PT abilities is also challenging because the way in which successful PT is 

operationalized varies greatly across different age groups and studies. These variations 

have presented a paradox wherein some studies report that infants have intact cognitive 

and affective PT abilities, yet other studies report that adults are far from perfect in their 

performance (Samson & Apperly, 2010). For this reason, longitudinal studies in which 

consistently operationalized behavioral measures of spatial, cognitive, and affective PT 

are administered to a single sample of children at multiple timepoints across their 

development may be useful for differentiating among common and distinct mechanisms 

accounts.  

 



12 

Behavioral Covariance of Spatial, Cognitive, and Affective PT in Childhood. 

Several experiments have investigated the behavioral co-variance of spatial, cognitive, 

and affective PT performance in young children. An early review of such studies found 

that children’s performance on PT tasks showed little to no between-domain correlations 

(Ford, 1979). For example, Ford (1979) reported that strong associations between spatial 

and cognitive PT performance (as measured by referential communication tasks) were 

found across three different studies, but there were inconsistencies in the age groups for 

which the correlations were found. When a role-taking task was used to measure 

cognitive PT abilities, its association with spatial PT showed only a small significant 

correlation in one of the four studies reviewed by Ford (1979). Four additional studies 

reviewed by Ford (1979) compared affective and spatial PT, and two reported a small 

significant correlation between the two types of PT; however, one of these correlations 

was no longer significant after removing the effect of general intelligence. Therefore, 

from this early review, Ford (1979) concluded that there was sparse evidence for a 

common perspective-taking construct that spans across spatial, cognitive, and affective 

domains. 

More recently, three studies have found significant associations between spatial 

and cognitive PT. One study conducted with 4- to 8-year-old children with and without 

autism spectrum disorder (ASD) found that spatial PT significantly predicted 

neurotypical children’s theory of mind task performance (cognitive PT), and to a lesser 

extent their object rotation task performance, but not their language ability (Hamilton et 

al., 2009). Object rotation is a spatial skill very similar to, but behaviorally dissociable 

from level 2 spatial PT (Brucato et al., 2022). Similarly, another study conducted with 3- 



13 

to 4.5-year-olds found that children’s spatial PT performance mediated the correlation 

between children’s performance on a cognitive PT task and a spatial block design task 

(Tian et al., 2021). A third study conducted with 5- to 9-year-old children also found that 

cognitive PT had a small significantly correlation with spatial PT, even after removing 

the effects of age and gender (Viana et al., 2016). Significant associations between 

cognitive and affective PT have also been reported for children between the ages of 4 and 

6 (Bensalah et al., 2016), and older children between the ages of 8 and 11 years (Cassetta 

et al., 2018). The correlations reported by Bensalah and colleagues (2016) were small  (rs 

< . 3) but persisted after removing the effect of language ability. The correlation reported 

by Cassetta and colleagues (2018) was large (r = .6) after controlling for age and IQ. 

Finally, one recent study conducted with 4- and 5-year-olds used a perspective-taking test 

designed to measure all three types of PT abilities in one test (Aslan & Köksal Akyol, 

2020). Their test had good internal consistency (α = 71), indicating behavioral covariance 

of spatial, cognitive, and affective PT in their sample (Aslan & Köksal Akyol, 2020). 

It seems from this review of the literature that despite inconsistent associations 

between spatial, cognitive, and affective PT in childhood reported in earlier experiments 

(Ford, 1979), more recent studies have found that these abilities show behavioral 

covariance (Aslan & Köksal Akyol, 2020; Bensalah et al., 2016; Cassetta et al., 2018; 

Hamilton et al., 2009; Tian et al., 2021; Viana et al., 2016). One possibility for this 

difference may be due to differences in the construct validity of tasks used to assess PT 

abilities in these studies. That is, Ford (1979) reported a notable lack of internal 

consistency among several cognitive and affective PT measures used in the studies he 

reviewed. Issues with validity of cognitive and affective PT tasks persist today, over four 
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decades later (Gallant et al., 2020; F. Happé et al., 2017; Quesque & Rossetti, 2020; 

Warnell & Redcay, 2019). However, Aslan and colleagues (2020) reported high internal 

consistency for their perspective-taking task. In addition, their study as well as Tian and 

colleagues (2021) study had a two-timepoint intervention design which allowed for the 

calculation of test-retest reliability of tasks. Aslan and colleagues (2020) found very high 

test-retest reliability for their perspective-taking task, and Tian and colleagues (2021) 

reported no significant differences in perspective-taking performance overtime for the 

children in their control group. Together, this collection of evidence may suggest support 

for common mechanisms hypotheses. That is, when valid measures of each type of PT 

are used, a significant covariance of their behavioral performance is found in children.  

On the other hand, there have been few studies published in the last two decades 

which directly compared PT abilities in spatial, cognitive, and affective domains with 

early developmental samples, to the best of my knowledge. Thus, it may be the case that 

the six recent studies that I have reviewed here which show consistent associations 

between spatial, cognitive, and/or affective PT in children are a product of publication 

bias, wherein only studies that found a significant association between PT measures were 

published. In contrast, there have been relatively more research studies in recent years 

which have investigated the association of spatial, cognitive, and affective PT in adults. 

 

Research with Neurotypical Adults 

Several studies have previously investigated the behavioral co-variance of spatial 

and social PT abilities in neurotypical adults. The majority of these studies investigated 

associations of spatial PT and affective PT (see Table C1), and fewer have addressed the 



15 

association of spatial and cognitive PT (see Table C2). These experiments are 

summarized in Appendix C and described below. Throughout the below sections, I also 

propose how evidence from each set of experiments may be interpreted to support either 

distinct or common mechanisms accounts of perspective taking. 

 

Own Body Spatial Transformation and Self-Reported Empathy. Four early 

experiments (Gronholm et al., 2012; Mohr et al., 2010; Thakkar et al., 2009; Thakkar & 

Park, 2010) assessed the association of self-reported empathy and performance on the 

Own Body Transformation Test (OBT), which is thought by some researchers to be a 

level 2 spatial PT task (Gronholm et al., 2012). The OBT presents an image of a person 

either facing fully toward or away from the participant with a circle around their left or 

right hand. In the front facing condition of the OBT task, participants are asked to 

imagine themselves in the position of the person (i.e., 180° mental self-rotation) and to 

indicate whether the circle would be on their left or right hand. In Mohr and colleagues’ 

(2010) experiment, there was a small significant correlation between reaction time during 

the front-facing condition and self-reported empathy as measured by the Empathy 

Quotient (EQ; Baron-Cohen & Wheelwright, 2004) for only female participants. That is, 

higher self-reported empathy was associated with faster reaction time for female 

participants. This study found no significant correlation between the EQ and reaction 

time for male participants, and no significant correlations between accuracy on the OBT 

and EQ for either sex (Mohr et al., 2010).  

Similarly, Thakkar and colleagues’ (2009) experiment found that self-reported 

empathic concern as measured by the Interpersonal Reactivity Index (IRI; Davis, 1983) 
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was significantly correlated with the difference in reaction times between back-facing 

and front-facing trials on the OBT task in females; however, they reported a much larger 

effect in the opposite direction reported by Mohr and colleagues’ (2010). That is, higher 

empathic concern was correlated with a smaller difference in reaction times between 

front-facing and back-facing OBT trials for female participants. This experiment did not 

find significant associations between OBT accuracy and any of the other subscales of the 

IRI for female or male participants. However, in another experiment, Thakkar and 

colleagues (2010) found that the number of errors on the OBT front-facing trials was 

significantly correlated with the IRI perspective-taking subscale for female participants, 

such that a larger number of errors was significantly associated with lower self-reported 

perspective taking. In addition, lower self-reported IRI perspective taking was associated 

with significantly faster letter rotation (control task) reaction times in female participants 

(Thakkar & Park, 2010). Notably, the significant correlation between OBT and empathic 

concern reported in Thakkar et al., (2009) was not replicated in Thakkar et al., (2010). 

Together, three experiments which used the OBT found differing results 

regarding their association with self-reported empathy. Two of the three studies indicated 

that higher self-reported empathy was associated with quicker reaction times (Mohr et al., 

2010) or fewer errors (Thakkar & Park, 2010) on OBT, but only for female participants. 

These results have not been well replicated and directionally opposite correlations 

between OBT reaction times and self-reported empathy have been reported (Thakkar et 

al., 2009). Gronholm et al., (2012) proposed that these inconsistencies could be due to 

differences in participant’s strategy use during the task. That is, instead of using mental 

self-rotation to make a left vs right decision regarding the circled hand of the avatar in the 
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stimulus, participants could be avoiding mental self-rotation altogether by simply 

transposing their own first-person left and right judgements (e.g., “if it is on my left, it’s 

on their right”). Indeed, Gronholm and colleagues (2012) found that reaction time on the 

OBT task was significantly correlated with EQ scores, but only for participants who 

reported using a mental self-rotation strategy. The association was such that participants 

who used a mental-self rotation strategy and had higher EQ scores were quicker to make 

left vs right judgements when the target avatar shared their perspective (back-facing 

trials; 0° rotation), but slower than other participants in making this judgement when the 

avatar did not share their perspective (front-facing trials; 180° rotation). 

When considering how findings from these experiments extend our understanding 

of the association between spatial and affective PT, there are several factors to consider. 

First, the self-report measures used in these experiments (i.e., EQ and IRI) have multi-

factor structures, with two distinct factors in each measure that are purported to capture 

cognitive empathy (i.e., affective PT) and emotional/affective empathy (Lawrence et al., 

2004). Common mechanisms accounts of spatial PT would expect cognitive empathy, but 

not necessarily emotional/affective empathy to be associated with spatial PT. However, 

only one of the studies reviewed above found a significant association specifically 

between cognitive empathy (i.e., the IRI perspective-taking subscale) and reaction times 

on the OBT. Further, none of the studies reported significant associations with the IRI 

fantasy subscale, which is the second subscale of the IRI proposed to measure cognitive 

empathy. Second, OBT tasks ignore all degrees of spatial angular disparity aside from 0° 

and 180°; however, in real-world contexts, we often have to adopt spatial perspectives 

from several other degrees of angular disparity. Many other spatial PT tasks incorporate 
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differing degrees of angular disparity, and therefore cannot be solved by simple 

transposing of one’s first-person left and right judgments (e.g., Brucato et al., 2022; T. 

Erle & Topolinski, 2015; Kessler & Thomson, 2010). Thus, when individuals who tend 

to use a transposing strategy are required to use a mental-self rotation strategy, 

associations between spatial and affective PT may differ. Third, the OBT task does not 

require participants to maintain relationships between themselves and several objects in 

the environment to precisely imagine how a scene will look from an alternative vantage 

point. Instead, OBT tasks have blank backgrounds without a scene or other objects 

present and may therefore be less ecologically valid when we consider what real-world 

spatial PT is like. Given these considerations, I would caution against interpreting the 

results of these experiments as providing support for common mechanisms accounts.  

 

Level 2 Spatial PT and Self-Reported Empathy. Erle and Topolinski (2015) 

conducted four experiments with neurotypical German adults to assess the association of 

spatial PT performance and self-reported affective PT as measured by the IRI. In their 

first three experiments, these researchers used the Tube Figures Test (Stumpf & Fay, 

1983) which is an instrument used to measure visuo-spatial intelligence, and thought to 

involve spatial PT. The Tube Figures Test presents participants with an image of a long-

curved tube inside of a transparent cube, and second image of that same transparent cube, 

but pictured from a different angle (left, right, top, bottom, or behind). Participants are 

asked to indicate the angle from which the second image was taken relative to the first. In 

experiment 1, participants who answered more items correctly on the Tube Figures Test 

had higher IRI perspective-taking scores, and there was no significant correlation found 
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between Tube Figures Test and other subscales of the IRI (Erle & Topolinski, 2015). This 

result was replicated in experiment 2, after removing the effect of arithmetic problem-

solving performance—a proxy for general intelligence (Erle & Topolinski, 2015). In 

experiment 3, this result was replicated again, with the additional finding that the 

correlation between Tube Figures Test and IRI self-reported perspective taking was only 

significant for participants who indicated that they used a mental-self rotation strategy as 

opposed to object rotation (Erle & Topolinski, 2015). Finally, in experiment 4, Erle & 

Topolinski (2015) used a novel level 2 spatial PT task designed by Kessler & Thomson 

(2010) to investigate its association with IRI self-reported empathy. During this level 2 

spatial PT task, participants saw a person sitting at a round table and were asked if one of 

two objects in front of the person on the table was on that person's left or right side. 

Across trials, the person in the stimulus was positioned around the table at various 

degrees of angular disparity from the participant’s first-person perspective (i.e., 0°, 40°, 

80°, 120°, or 160°). Faster reaction times on this spatial PT task were significantly 

correlated with higher IRI empathic perspective taking, consistent with findings from 

experiments 1-3 using a novel spatial PT task (Erle & Topolinski, 2015). 

Meanwhile, Sulpizio et al., (2015) used yet another level 2 spatial PT paradigm to 

assess its association with self-reported affective PT as measured by the IRI and the 

Balanced Emotional Empathy Scale (BEES; Mehrabian & Epstein, 1972) in a sample of 

neurotypical Italian adults. During the spatial PT task, participants saw a snapshot of a 

virtual room which had several environmental features (i.e., a stairwell, windows, and a 

door). The snapshot of the room varied on each trail according to 8 possible views, such 

that the participant’s first-person view of the room could vary by increments of 45°. 
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Participants were asked to detect the spatial displacement of a target object on the floor of 

the room across pairs of consecutive views, either in the presence or absence of an avatar. 

Spatial PT reaction time in the non-avatar condition had a small significant correlation 

with the IRI fantasy subscale and the BEES. Spatial PT reaction time in the avatar 

condition also had a small significant correlation with the BEES (Sulpizio et al., 2015). 

Tomei and colleagues (2017) conducted an experiment using another level 2 

spatial PT task and self-reported empathy measured by the IRI with a French sample. The 

level 2 spatial PT task used in their study showed a picture of an avatar behind a large 

round table which had many three-dimensional geometric objects of different colors and 

shapes scattered across it. Below were two additional pictures that represented different 

views of the environment, and the participant was asked to choose which one of the two 

pictures represented the avatar’s perspective. Incorrect viewpoints could be as close as 

2.13° from the avatar’s actual perspective, or a reversed viewpoint of the avatar’s actual 

perspective. Spatial PT performance was operationalized as the number of correct items 

per minute. Better spatial PT performance was significantly correlated with higher IRI 

self-reported perspective taking and lower IRI personal distress (Tomei et al., 2017). 

The six experiments discussed in this section investigated the association between 

level 2 spatial PT performance and self-reported empathy. Various behavioral measures 

of level 2 spatial PT were used, and the IRI was a consistently used measure of self-

reported empathy. All of these experiments reported small significant positive 

correlations between the IRI perspective-taking subscale and spatial PT performance, 

except for Sulpolizio et al., (2015) who instead found a negative association between 

spatial PT reaction time with the IRI fantasy subscale and BEES. The fantasy and 
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perspective-taking subscales of the IRI are both considered to measure cognitive as 

opposed to emotional forms of empathy. Together, the finding of self-reported cognitive 

empathy’s (i.e., affective PT) significant association with spatial PT across several 

different types of spatial PT paradigms may offer some support for common mechanisms 

accounts. However, when interpreting these findings, it is also important to consider 

previous reports of minimal or absent associations between self-reported empathy 

(including the IRI) and task-based empathy measures (Ickes, 1993; Israelashvili et al., 

2019; Murphy & Lilienfeld, 2019; Sunahara et al., 2022). Thus, experiments that use 

behavioral performance measurements of affective PT may be necessary to draw more 

accurate conclusions of its association with spatial PT.  

 

Level 2 Spatial PT and Affective PT. To my knowledge, two studies have been 

conducted in the past two decades which aimed to investigate the association of level 2 

spatial PT with performance on affective PT tasks in neurotypical adults (Chiu & Yeh, 

2018; Martin et al., 2019). Notably, Chiu & Yeh (2018) used a paradigm which might be 

better conceptualized as a task-switching paradigm than a spatial PT task. In each trial of 

their task, a two-dimensional white rectangle and square were shown next to each other 

against a black background. On egocentric trials, the participant pressed a key to indicate 

if the circle was to the left or right of the rectangle. On altercentric trials, the participant 

performed the task from the perspective of the rectangle (i.e., 180° rotation of 

perspective). Participants completed these trials in three blocks: a non-switch egocentric 

block, a non-switch altercentric block, and a switch block in which trial types were inter-
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mixed. Spatial PT performance was operationalized as the RT cost between the switch 

and repeat blocks.  

 Chiu and Yeh (2018) also administered two tasks which are proposed to measure 

cognitive and emotional forms of empathy: Reading the Mind in the Eyes Test (RMET; 

Baron-Cohen, Wheelwright, Hill, et al., 2001) and the Multifaceted Empathy Test (MET; 

Dziobek et al., 2008). During RMET, participants see images of people’s faces that are 

zoomed in and cropped such that only the region around the eyes is visible. Participants 

are asked to choose one of four words that best describes what the person in the image is 

feeling. During MET, participants see images of the entire face of people in emotionally 

charged situations. Participants are asked a) to choose one of four words which describes 

what the person is feeling; b) to rate their own level of arousal in response to viewing the 

pictures on a 4-point scale; c) the degree to which they could feel the same as the person 

in the stimulus on a 4-point scale. Cognitive empathy (i.e., affective PT) was 

operationally defined in their study as the mean accuracy of emotion recognition items 

from RMET and MET. Emotional empathy was operationally defined in their study as a 

composite measure of the participant’s arousal and shared emotion ratings from MET.  

These researchers found that smaller spatial PT switch costs were significantly 

associated with higher emotional empathy (Chiu & Yeh, 2018), and this association was 

not modulated by participants’ self-reported spatial PT strategy use (mental self-rotation 

vs left-right transposing). Conversely, cognitive empathy (i.e., affective PT) did not show 

a significant association with spatial PT switch costs in their study. Of note, emotional 

empathy in Chiu and Yeh (2018) was measured via a self-report from the participant 

during MET rather than a performance/accuracy-based metric. Thus, this finding is 
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consistent with other reports described earlier in this chapter, wherein self-reported 

emotional empathy was correlated with spatial PT performance (Gronholm et al., 2012; 

Mohr et al., 2010; Sulpizio et al., 2015; Thakkar et al., 2009; Tomei et al., 2017). The 

novel result from this study was that cognitive empathy as measured by behavioral 

performance on RMET and MET showed no association with spatial PT. Thus, this study 

offers tentative support for distinct mechanisms accounts. However, the spatial PT task 

used by Chiu and Yeh (2018) had similar task characteristics to OBT tasks and therefore 

similar limitations; namely, a lack of variety in the number of angular disparities for the 

to-be-imagined perspective, and a lack of a rich scene or environment. Further, RMET 

and MET do not meet two specific criteria that have recently been proposed as necessary 

components of valid perspective-taking tasks—namely, mentalizing and self-other 

differentiation (Oakley et al., 2016; Quesque & Rossetti, 2020). 

Martin and colleagues (2019) used a level 1 and level 2 spatial PT paradigm and 

two supposed behavioral measures of affective PT to investigate the association of these 

abilities in younger and older neurotypical adults. The spatial PT paradigm displayed a 

street scene with trash cans, tennis balls, and either a human avatar or a traffic light 

positioned at one of three positions on the street with respect to the participant’s point of 

view: far, middle, or near. During the level 1 spatial PT task, participants were asked how 

many tennis balls they could see on the street (egocentric trials) or how many tennis balls 

the avatar could see/ how many tennis balls the traffic light would highlight (allocentric 

trials). The number of tennis balls that the participant could see from the egocentric 

perspective was either the same (congruent) or different (incongruent) from the number 

the human avatar could see or the number that could be highlighted by the traffic light. 
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Differences in the number of tennis balls could arise, for example, because a tennis ball 

was occluded from the line of sight of the avatar by a trash can, or because the tennis ball 

was behind the avatar on the street and only visible to the participant. To measure level 2 

spatial PT, the same paradigm was used, except participants were asked to identify which 

side of the street (left vs right) had more tennis balls, from their own, the avatar’s, or the 

traffic light’s perspective. Spatial PT performance was operationalized as a congruency 

effect: slower response times or reduced accuracy in congruent as opposed to  

incongruent trials. 

To measure affective PT, Martin et al., (2019) used RMET and the social-

emotional cognition task (SEC; distributed by CogState; see Martin et al., 2019). In the 

SEC, four images of faces were displayed on each trial, three of which displayed the 

same emotion or gaze direction. Participants were asked to identify which of the four 

images did not match the others, and affective PT was operationalized as the arcsine 

transformation of accuracy across trials. Consistent with findings of Chiu and Yeh 

(2018), RMET was not significantly associated with reaction time nor accuracy 

congruency effects on level 1 nor level 2 spatial PT tasks (Martin et al., 2019). Again, it 

has been proposed that RMET does not require mentalizing processes nor distinguishing 

one’s own from another’s perspective, and therefore may not be a valid measure of 

affective PT (Oakley et al., 2016; Quesque & Rossetti, 2020). Thus, even common 

mechanisms accounts would not necessarily predict that RMET should be positively 

associated with spatial PT. Conversely, Martin et al., (2019) found that higher SEC 

performance was significantly associated with smaller congruency effects in accuracy 

judgements for both level 1 and level 2 spatial PT in young adults. That is, young adult 
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participants who were better at the SEC were also better at inhibiting their own 

perspective when asked to adopt the avatar’s perspective. Although the SEC does not 

explicitly require affective PT per se (i.e., differentiating between one’s own and 

another’s emotional perspective), it does require the comparison of different emotional 

mental states. Thus, proponents of common mechanisms accounts may suggest that the 

SEC and spatial PT were associated in this experiment because both tasks required 

comparison of competing mental state representations (either spatial or emotional). 

Interestingly, Martin et al., (2019) did not find that level 1 spatial PT was 

significantly associated with SEC in older adults. In addition, older adults showed less 

influence of the avatar’s perspective during the level 1 spatial PT task than younger 

adults (i.e., older adults made fewer errors on incongruent trials). Thus, the authors 

suggest that older adults may rely on different cognitive processes to complete level 1 

spatial PT tasks than younger adults (Martin et al., 2019). It has been previously proposed 

that even when young adults are asked to perform a level 1 spatial PT task, they 

spontaneously invoke level 2 spatial PT processes (Arora et al., 2017) . In other words, 

although perspective taking is not required for a level 1 spatial PT task (i.e., it may be 

solved by simply tracing the line of sight of the avatar), young adults may spontaneously 

use perspective taking during level 1 spatial PT tasks. Thus, differences in the cognitive 

processes invoked during level 1 spatial PT tasks may modulate their association with 

affective PT tasks and may explain why level 1 spatial PT was correlated with SEC in 

younger but not older adults. Three studies which investigated the role of level 1 spatial 

PT and self-reported empathy in younger neurotypical adults are described below. 
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Level 1 Spatial PT and Self-Reported Empathy. Across two experiments, 

Nielsen and colleagues (2015) probed the association of level 1 spatial PT with self-

reported empathy as measured by the IRI. A Dot Task was used, wherein participants see 

a room with three walls that have a differing number of dots on each wall (Nielsen et al., 

2015). In each trial, an avatar or arrow faced one of the walls in the room. During first-

person perspective trials, participants are asked how many dots they themselves can see. 

During third-person perspective trials, participants are asked how many dots the avatar 

can see, or how many dots are on the wall that an arrow pointed to. An “altercentric 

intrusion effect” was calculated by subtracting reaction times on trials wherein the 

number of dots that the participant could see was the same as the number of dots the 

avatar could see, or the arrow pointed to (congruent trials) from reaction time on trials in 

which the number of dots differed (incongruent trials). Thus, a higher altercentric 

intrusion effect is interpreted to mean that participants had greater interference of the 

avatar and/or arrow’s perspective. Greater altercentric intrusion effects in the avatar (but 

not the arrow condition) were significantly associated with higher IRI self-reported 

perspective taking and empathic concern. These correlations were also significant in a 

second experiment conducted by the same authors when gaze duration was used to 

calculate altercentric intrusion (Nielsen et al., 2015).  

Mattan and colleagues (2016) used the IRI and a similar Dot Task paradigm in 

their experiment. Mattan and colleagues’ (2016) Dot Task displayed a virtual room which 

was divided into three smaller rooms that each had openings to a hallway. Thus, 

depending on where in the hallway an avatar was situated, its line of sight may reach the 

wall of one smaller room, but not the others. In addition, the Dot Task stimuli of Mattan 
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et al., (2016) contained two avatars. One avatar was given a name (e.g., “JAMIE”) and 

the other avatar was labeled “SELF”. Participants were never asked to make judgements 

from their actual first-person perspective, which was an arial view of the virtual rooms 

with the self avatar and other avatar standing in the hallway. Interestingly, despite the fact 

that both of the judgements participants were asked to make involved reasoning about an 

avatar’s perspective, smaller congruency effects (accuracy in incongruent trials – 

accuracy in congruent trials) were observed when participants adopted the spatial 

perspective of the self avatar as opposed to the other avatar (Mattan et al., 2016).  

When probing associations of spatial PT performance with self-reported empathy, 

Mattan et al., (2016) found that higher total IRI scores were significantly associated with 

smaller congruency effects (reaction time in incongruent trials - congruent trials) during 

level 1 spatial PT for self-avatar trials. That is, overall self-reported empathy was 

associated with less interference when adopting the self avatar’s perspective as opposed 

to the other avatar’s perspective (Mattan et al., 2016). Further, higher scores specifically 

on the empathic concern and perspective-taking subscales of the IRI were also associated 

with smaller level 1 spatial PT congruence effects on self avatar trials. No significant 

associations were found with the IRI fantasy and personal distress subscales. These 

findings are a bit more nuanced to interpret relative to the other studies reviewed in this 

chapter because previously described spatial PT paradigms compare performance of 

spatial PT judgments from a participant’s first-person perspective with that of an avatar’s 

third-person perspective. In contrast, Mattan et al., (2016) compared participant’s spatial 

PT judgments from two different avatar’s third-person perspectives (one of which was 

labeled “SELF”). Nonetheless, both task types required comparison of different spatial 
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perspectives and Mattan and colleagues’ results are consistent with other experiments 

that compared the IRI with level 1 and level 2 spatial PT tasks in neurotypical young 

adults (T. Erle & Topolinski, 2015; Nielsen et al., 2015; Tomei et al., 2017). 

 

Level 2 Spatial PT and Self-Reported Social Skills. In comparison to the 

number of studies reviewed above on the association of spatial and affective PT, 

relatively fewer studies have investigated the association of spatial and cognitive PT in 

neurotypical adults. Even fewer have used direct behavioral measures of cognitive PT to 

do so. For the sake of inclusiveness, this section includes three studies which investigated 

the association of spatial PT with self-report social skills, or responses on the Autism 

Quotient (AQ; Baron-Cohen, Wheelwright, Skinner, et al., 2001) in neurotypical adults. 

The Autism Quotient is not a self-report measure of cognitive PT; however, these studies 

are included in this section for two reasons. Frist, the Autism Quotient has been recently 

been shown to significantly correlate with performance on cognitive PT tasks in 

neurotypical adults (Baksh et al., 2018; Murray et al., 2017). Second, deficits in cognitive 

PT are characteristic of individuals with clinically diagnosed autism spectrum disorder 

(Baron-Cohen, 2000; Yirmiya et al., 1998). Thus, to the extent that neurotypical 

populations experience some magnitude of autism spectrum disorder symptomology, they 

may also experience some magnitude of difficulty with cognitive PT. However, the use 

of the AQ is an important limitation to keep in mind when considering how findings from 

the following studies may be generalized to understand the association of spatial and 

cognitive PT abilities. 
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Shelton and colleagues (2012) conducted an experiment which probed the 

association of performance on a level 2 spatial PT task and self-reported social ineptitude 

in neurotypical young adults. These researchers averaged participants responses from the 

social and communication subscales of the AQ and used this as their measure of self-

reported social ineptitude. The Three Buildings Task was used as a measure of level 2 

spatial PT ability. Participants saw a display of three different LEGO buildings on a 

round table. Seven targets were placed around the table at increments of 45° of angular 

disparity from the participant’s first-person perspective. Across three conditions, the 

targets were either triangles pointing in towards the center of the table, cameras with their 

lens pointing in towards the table, or faceless wooden dolls. In each trial, participants 

were shown an image of the display representing either the participant’s or one of the 

target’s points of view. Participants pressed a key corresponding to the color of the target 

that had the pictured perspective of the display, or the space bar if the display was 

pictured from their own first-person perspective. 

These researchers found that for both male and female participants, social 

ineptitude was significantly correlated with accuracy on the Three Buildings Task, only 

in the condition where the targets were dolls (Shelton et al., 2012). There was no 

correlation between spatial PT task performance and self-reported social ineptitude for 

trials in which the targets were triangles or cameras. In addition, social ineptitude did not 

significantly correlate with performance on an object mental rotation task (MRT; 

Vandenberg & Kuse, 1978). Finally, the authors found the same significant result in 

another sample when using three mountains instead of three buildings in their paradigm 

(Shelton et al., 2012). Relatedly, another study by the same group used the Three 
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Buildings Task paradigm across three experiments and further manipulated the level of 

agency of the targets (Clements-Stephens et al., 2013). Results across the three 

experiments found a significant association between social ineptitude and level 2 spatial 

PT, but only when the spatial PT task included a target that could be considered an agent 

(i.e., triangles with eyes or triangles that the participants were told were “aliens”) or when 

the condition in which an agent-like target was used came first in the experimental order. 

Their study speaks to the potential importance of agency in spatial PT task stimuli, and 

how it may modulate associations with social PT performance. However, five other 

experiments discussed earlier in this chapter used spatial PT tasks that did not involve an 

agent (i.e., Tube Figures Test and Spatial Task Switching) and found significant 

correlations between spatial PT performance and self-reported empathy (Chiu & Yeh, 

2018; T. Erle & Topolinski, 2015), suggesting that correlations between spatial PT and 

social PT may only be modulated by the agency of spatial PT task stimuli when using 

self-report measures that directly ask about communicative or social ineptitudes.  

Brunyé and colleagues (2012) conducted a study which used the AQ and a spatial 

PT task similar to Kessler and Thomson’s (2010) spatial PT task described earlier in this 

chapter. The main task features were similar, but Brunyé and colleagues (2012) used a 

version that allowed for both level 1 (visible/hidden) and level 2 (left/right) spatial PT 

judgments. The researchers calculated an angle effect by subtracting the mean reaction 

time on trials where the agent was seated at a high angular disparity (relative to the 

participant’s first-person perspective) from the mean reaction time on trials where the 

agent was seated at a small angular disparity. Results of their regression analyses 

indicated that higher total AQ scores (more self-reported ASD symptomology) were 



31 

significantly associated with larger angle effects on level 2 but not level 1 spatial PT 

(Brunyé et al., 2012). Their result held when looking at male and female participants 

separately. Further, the effect was four times greater for males relative to females, and 

there were no significant differences in the means or ranges of AQ scores between 

genders in their sample. Although Shelton et al., (2012) did not directly compare the 

correlation coefficients for males and females in their study, males did have a 

numerically stronger correlation between AQ social/communication scores and spatial PT 

accuracy (r = -.66) than females (r = -.5) in their experiment.  

The three studies described in this section thus far found that greater accuracy 

(Clements-Stephens et al., 2013; Shelton et al., 2012) and quicker reaction times (Brunyé 

et al., 2012) on spatial PT tasks were associated with more self-reported ASD symptoms 

and worse self-reported social/communicative skills in neurotypical adults, especially for 

male participants. A more recent study used a self-report measure of social intelligence 

called the Tromsø Social Intelligence Scale (TSIS; Grieve & Mahar, 2013; Silvera et al., 

2001) to probe its association with a Graphesthesia task and also included measures of 

spatial PT and object rotation in the test battery (Job et al., 2021). Job and colleagues 

(2021) used the Spatial Orientation Test (SOT; Hegarty & Waller, 2004), which is a well 

validated measure of spatial PT (Brucato et al., 2022). During the SOT, participants saw 

an array of objects and were asked to imagine standing at one object, facing another, and 

pointing to a third object. Then, participants were asked to indicate their imagined 

pointing angle by clicking and dragging an arrow on a response circle. Job and colleagues 

(2021) found no significant association between self-reported social skills as measured by 

the TSIS and spatial PT performance. Together in conjunction with the other studies 
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reviewed above, results suggest that self-reported social skills are correlated with spatial 

PT performance only when an agent is present in the spatial PT task. However, the use of 

behavioral performance measures of cognitive PT rather than self-reported social skills 

may be germane to understand its association with spatial PT. 

 

Level 2 Spatial PT and Cognitive PT. To my knowledge, there has only been 

one previously published experiment conducted with neurotypical adults in the past two 

decades that compared behavioral performance on spatial and cognitive PT tasks. The 

study was conducted with a sample of Polish adults and the researchers created their own 

task to measure level 1 and level 2 spatial PT (Putko & Złotogórska -Suwińska, 2019). 

During the level 1 spatial PT task, an image of a target object was displayed to the 

participant with a question above (i.e., “Does he/she/you see the object?”). After the 

participant pressed the spacebar, a fixation cross was shown for 400ms, followed by an 

image of a person sitting at a table (always at 180° rotation from the participant’s first-

person perspective) with objects on it, and the participant made a “yes” or “no” 

judgement from their own or the other’s perspective. In the level 2 spatial PT task, the 

paradigm was the same except the target object was displayed from one of four sides, and 

the question was in regard to how the target object would look (i.e., “Does he/she/you see 

this object in such a way?”) from their own or the other’s perspective. The cognitive PT 

task used in their study was the Strange Stories Task, a widely used measure of theory of 

mind (Happé, 1994). Participants were presented with short stories which required 

reasoning about another’s metal state (e.g., why did the protagonist say or do something 

given the context) or control short stories that did not require mental state reasoning to 
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explain the behavior of the protagonist. Participant’s responses were scored by the 

experimenters with moderate to high inter-rater agreement (Putko & Złotogórska -

Suwińska, 2019). 

These researchers found that better cognitive PT as measured by higher scores on 

mental state stories in Strange Stories Task was significantly correlated with faster 

reaction times on level 1 and level 2 spatial PT tasks (Putko & Złotogórska -Suwińska, 

2019). After controlling for age (the sample consisted of adults aged 18 to 48 years) only 

the association between cognitive PT and level 2 spatial PT remained significant (Putko 

& Złotogórska -Suwińska, 2019). Further, the association between cognitive PT and level 

2 spatial PT was not mediated by executive function (i.e., Trail Making Test/ Wisconsin 

Card Sorting Test). The findings from Putko and Złotogórska -Suwińska (2019) align 

with the pattern of results reported by studies that used self-reported measures of autism 

spectrum disorder symptomology and social skills reviewed above (Brunyé et al., 2012; 

Clements-Stephens et al., 2013; Job et al., 2021; Shelton et al., 2012).  

 

Research with Clinical Populations  

Although evidence for the association of spatial, cognitive, and affective PT in 

developmental and neurotypical adult populations is mixed, work with clinical 

populations shows a compelling pattern of co-deficits among cognitive, affective, and 

spatial PT—specifically for level 2 spatial PT. For example, autism spectrum disorder 

(ASD) is characterized by difficulties in understanding the mental states of others, and 

ASD populations score lower on measures of cognitive (Baron-Cohen, 2000; Yirmiya et 

al., 1998) and affective PT (Song et al., 2019) than neurotypical populations. Hamilton et 
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al., (2009) found that children with ASD also had impaired level 2 spatial PT 

performance compared to control children that were matched to ASD participants’ mental 

and actual age. Conversely, children with ASD outperformed typically developing 

children of their own mental age in mental rotation. Further, cognitive PT significantly 

predicted level 2 spatial PT performance for both ASD and typically developing children 

(Hamilton et al., 2009). Notably, a later review of studies that measured spatial PT in 

ASD populations presented evidence for a selective impairment of level 2, but not level 1 

spatial PT abilities in this clinical population (Pearson et al., 2013). Hamilton and 

colleagues’ (2009) finding that children with ASD had superior object rotation skills is 

consistent with previous reports of intact spatial skills for this clinical population (Muth 

et al., 2014), and aligns with the empathizing-systemizing theory of ASD (Baron-Cohen, 

2009). However, consistent findings of impaired level 2 spatial PT performance in ASD 

populations (Hamilton et al., 2009; Pearson et al., 2013) are seemingly incompatible with 

the empathizing-systemizing theory of ASD and distinct mechanisms accounts of PT, and 

alternatively reflect support for common mechanisms accounts of PT. 

It has also been well documented that individuals with schizophrenia have marked 

deficits in cognitive and affective PT (Achim et al., 2011; Derntl et al., 2009; Sprong et 

al., 2007). Langdon and colleagues (2001) found that individuals with schizophrenia also 

have impairments in level 2 spatial PT, but not in object rotation performance (Langdon 

et al., 2001). Similarly, Landgraf and colleagues (2010) used a desktop virtual reality 

paradigm (Reference Changing Task; Committeri et al., 2004) to compare the spatial PT 

performance of schizophrenic patients with matched controls. The researchers found that 

in comparison to control participants, schizophrenic patients were impaired when 
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adopting an allocentric point of view or when switching between egocentric and 

landmark-centered perspectives (Landgraf et al., 2010). A later study used a different 

desktop virtual reality paradigm (the Virtual Courtyard Task) to assess spatial memory 

during constant or changed viewpoints of a scene in schizophrenic and neurotypical 

participants (Wilkins et al., 2013). The researchers found that after removing the effect of 

five different measures of global cognition (i.e., attention, immediate and delayed 

memory, mental rotation, and IQ), spatial memory was impaired for schizophrenic 

patients compared to neurotypical control participants for changed viewpoints, but not 

constant viewpoints (Wilkins et al., 2013).  

Individuals with major depressive disorder (MDD) are also known to have 

impairments in cognitive and affective PT, and greater symptom severity is associated 

with worsening cognitive and affective performance (Bora & Berk, 2016). Some 

researchers have recently proposed that individuals with depression also have co-deficits 

in spatial PT (Erle et al., 2019). In their study, Erle and colleagues (2019) compared 

performance on an object rotation task, a spatial PT task, and a cognitive PT task between 

individuals with high or low depressive symptoms. The researchers found that individuals 

with high depressive symptoms were less accurate on the cognitive PT task and had 

slower reaction times on the spatial PT task than those with low depressive symptoms, 

and no significant differences were found on the object rotation task (Erle et al., 2019). 

Importantly, Erle and colleagues (2019) study was conducted in a population with sub-

clinical depression. To my knowledge, there are no other studies which directly assess 

spatial PT abilities in MDD populations. This work will be important for drawing 

conclusions about common or distinct mechanisms hypotheses.  
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Together, evidence from individuals with ASD, schizophrenia, and to a lesser 

extent MDD suggests co-impairments of spatial, cognitive, and affective PT in these 

populations. Further, experiments conducted with each of these populations found that 

object rotation performance was spared. Thus, these findings may be interpreted as 

evidence in support of common mechanisms accounts. However, an alternative 

explanation in alignment with distinct mechanisms accounts may still be compatible with 

the reviewed findings. That is, co-deficits of spatial, cognitive, and affective PT may 

arise due to differential mechanistic impairments that happen to be shared by all three of 

these clinical populations. Thus, future work investigating general mechanisms involved 

with each type of PT is critical, both for understanding the nature of PT impairments in 

clinical populations to devise possible interventions, and for investigating the tenability 

of common or distinct mechanisms hypotheses of PT. 

 

Summary and Motivation for Following Empirical Experiments 

 Earlier in this chapter, I reviewed theoretical accounts of perspective taking and 

its proposed neural mechanisms. Previous functional neuroimaging experiments have 

been limited in their ability to support or refute these accounts, as prior studies have not 

assessed the functional neural correlates of spatial, cognitive, and affective PT in a single 

sample. Conducting meta-analytic conjunctions with neuroimaging experiments of PT in 

different domains is one approach that has been used instead. However, previous 

neuroimaging meta-analyses that investigated the convergence of spatial and cognitive 

PT were able to use only a limited number of experiments due to availability of published 

work at the time (Arora et al., 2017; Schurz et al., 2013). In addition, some proponents of 
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common mechanisms accounts propose a key role of ventral and dorsal attentional 

networks in all three types of perspective taking (Sun & Wang, 2014). Although prior 

work has found meta-analytic convergence of cognitive and affective PT and ventral 

attentional regions (Decety & Lamm, 2007; Krall et al., 2015; Van Overwalle & Baetens, 

2009), these studies did not investigate additional convergence with spatial PT nor dorsal 

attentional regions. Thus, Chapter 2 of this dissertation describes an attempt to bridge the 

gap in neuroimaging evidence needed to adjudicate between common and distinct 

mechanisms accounts of PT by conducting an activation likelihood estimation meta-

analysis of functional neuroimaging experiments which used spatial, cognitive, or 

affective PT tasks or task-switching paradigms which reliably activate the dorsal 

attentional network.   

 In the latter half of this chapter, I described several studies which probed the 

behavioral co-variance of spatial, cognitive, and affective PT in children, adults, and 

clinical populations. The majority of studies that were conducted with neurotypical adults 

compared PT task performance in one domain with self-reported PT in another domain.  

However, the extent to which self-reported PT abilities accurately reflect PT performance 

is variable (Baksh et al., 2018; Ickes, 1993; Israelashvili et al., 2019; Murphy & 

Lilienfeld, 2019; Murray et al., 2017; Sunahara et al., 2022). In addition, no studies have 

measured behavioral performance of all three types of PT together in a single 

neurotypical sample, limiting their utility for distinguishing between common and 

distinct mechanisms accounts of PT. Further, little is known about whether behavioral 

measures of attentional control play an explanatory role in the potential behavioral co-

variance of spatial, cognitive, and affective PT abilities, despite the proposed importance 
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of attentional neural networks by some proponents of common mechanisms accounts 

(Sun & Wang, 2014). Finally, few studies have administered more than one task of the 

same type of PT to establish convergent validity both within and between PT domains, 

which may be crucial when considering issues of within-domain convergent validity of 

cognitive and affective PT tasks (Ford, 1979; Gallant et al., 2020; Quesque & Rossetti, 

2020; Warnell & Redcay, 2019). Thus, Chapter 3 of this dissertation describes an attempt 

to bridge the gap in behavioral studies addressing common and distinct mechanisms 

accounts of PT by conducting a behavioral study with a sample of neurotypical adults. 

The experimental battery consisted of one self-report measure and two behavioral 

measures for each type of perspective taking. It also included a measure of attention and a 

control matrix reasoning task.   
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CHAPTER 2 

EXPERIMENT 1: FUNCTIONAL NEURAL CORRELATES OF  

SPATIAL, COGNITIVE, AND AFFECTIVE PERSPECTIVE TAKING  

AND DORSAL ATTENTION 

 

Despite much progress in understanding the neural mechanisms of cognitive and 

affective perspective taking (PT) reviewed in Chapter 1, there has been less research 

investigating the neural mechanisms of  spatial PT, and if these are shared with cognitive 

and affective PT. Two previously published meta-analyses have investigated the 

association of spatial and cognitive PT, however these meta-analyses include a few 

important limitations (Arora et al., 2017; Schurz et al., 2013). First, both studies included 

the same set of only fourteen spatial PT studies due to the limited availability of 

published neuroimaging experiments of spatial PT at the time. Further, the total number 

of spatial PT experiments included were a combination of both level 1 and level 2 tasks, 

limiting the feasibility of performing an independent meta-analysis of only level 2 spatial 

PT tasks. Some previous behavioral findings reviewed in Chapter 1 suggest that common 

mechanisms may exist for level 2, but not level 1 PT abilities; thus, investigation of level 

2 PT tasks is essential to address questions about common mechanisms of PT across 

domains. Finally, the two prior meta-analyses of spatial and cognitive PT did not 

investigate the additional conjunction of meta-analytic activations with affective PT tasks 

nor attention. Inclusion of affective PT and attention tasks will be important to either 

refute or support common mechanisms accounts which propose that perspective taking in 
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spatial, cognitive, and affective domains commonly rely on attentional neural 

mechanisms (Sun & Wang, 2014). 

Experiment 1 had two aims: 1) to update our knowledge of the neural correlates 

of spatial PT in general and level 2 spatial PT in particular, and 2) to adjudicate between 

common and distinct mechanism accounts of PT. A systematic activation likelihood 

estimation (ALE) meta-analysis was conducted to assess the neural correlates of PT in 

spatial, cognitive, and affective domains, and investigated the potential for functional 

overlap with the dorsal attentional network. Common mechanisms accounts (Aichhorn et 

al., 2006; Arora et al., 2017; Parkinson & Wheatley, 2013; Sun & Wang, 2014) predict 

that PT across domains should show convergence in ALE meta-analytically derived 

clusters, especially in key nodes of the dorsal attentional network. Accordingly, one 

would expect meta-analytic convergence across PT variants, potentially in the posterior 

parietal cortex, IPS, and frontal eye fields, and potentially in the right TPJ, right ventral 

frontal cortex, and precuneus. Alternatively, distinct mechanism accounts (Frith & Frith, 

2006; Kosakowski & Saxe, 2018; Saxe & Kanwisher, 2004; Saxe & Wexler, 2005) 

would garner support from an ALE meta-analysis showing that cognitive and affective 

PT rely on brain regions that are distinct from those that undergird spatial PT (and the 

facets of attentional processing that support spatial PT). Distinct mechanism accounts 

might predict, for instance, that cognitive and affective PT will show converging clusters 

in the TPJ and mpFC, while spatial PT and attention switching will show overlapping 

activation of the posterior parietal cortex. 
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Method 

 

Comprehensive Literature Search 

To support ALE meta-analysis of these literatures, a thorough search was 

conducted to identify neuroimaging studies of cognitive, affective, or spatial PT, and 

studies of attention switching. Eligible studies were identified from two main sources: 

PubMed (www.pubmed.org) and previously published meta-analyses (Table 1).  

 

 

 

Table 1 

Previously published meta-analyses of relevant domains 

Domain Year Authors 

Attention (Task Switching) 2011 Kim et al. 

Attention (Task Switching) 2019 Worringer et al. 

Attention & ToM 2015 Krall et al. 

Attention, ToM, & Empathy 2007 Decety & Laam 

ToM 2014 Schurz et al 

ToM (Mentalizing) 2021 Fehlbaum et al. 

ToM & Empathy 2021 Schurz et al. 

Empathy 2011 Fan et al. 

Spatial PT & ToM (False Belief) 2013 Schurz et al. 

Note. Previously published neuroimaging meta-analyses which were used as sources for 

identifying relevant studies for the present meta-analysis. ToM = Theory of Mind; PT = 

perspective taking. 

 

http://www.pubmed.org/
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For spatial PT, Connected Papers (www.connectedpapers.com) was also used as a source 

for study identification to ensure the largest number of included studies possible for this 

category, as there were relatively fewer spatial PT studies derived from PubMed and 

prior meta-analyses than other categories of PT and attention switching. In an initial 

search, we included all functional magnetic resonance imaging (fMRI) or positron 

emission tomography (PET) studies on these topics that were published within the past 2 

decades (January 2001 to October 2021), written in English, and containing a sample of 

neurotypical adults. For inclusion, obtained studies were also required to have reported 

whole brain coordinates in standardized space (MNI or Talairach) during a spatial PT, 

cognitive PT, affective PT, and/or attention switching task. Finally, only studies that had 

a contrast of relevance to the current research question were included. For example, the 

contrast “PT vs rest” was included, but group contrasts such as “PT clinical sample vs PT 

control sample” were not. A contrast that is especially relevant for representing neural 

correlates of PT is one which can distinguish between participants’ first-person point-of-

view (i.e., egocentric perspective; 1PP) and a third-person point-of-view (i.e., allocentric 

perspective; 3PP). This contrast allows for an explicit comparison between the neural 

correlates of egocentric versus allocentric perspective judgements. Thus, the contrast 

“3PP vs 1PP” was an included contrast of particular interest.  

An overview of each stage of study identification and screening is shown in 

Figure 1. Search strings were used to identify studies using keywords “fMRI” or “PET.” 

Spatial PT searches included the keywords “spatial perspective taking” or “visual 

perspective taking” or “imagined self-rotation” or “imagined viewer rotation” or “spatial 

orienting.” Cognitive PT searches included the keywords “theory of mind” or “cognitive 

http://www.connectedpapers.com/
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perspective taking” or “mental state reasoning” or “mentalizing” or “belief reasoning” or 

“belief attribution” or “false belief.” Affective PT searches included the keywords 

“affective theory of mind” or “affective perspective taking” or “emotional perspective 

taking” or “affective mentalizing” or “empathy” or “empathic accuracy” and not “pain.” 

Attention switching searches included the keywords “set shifting” or “task switching” or 

“attention switching”. Studies from previously published meta-analyses were added into 

to the pool of studies for the appropriate domain. Studies of spatial PT found from 

PubMed or other meta-analyses were subsequently entered into Connected Papers, and 

linked studies were added to the pool of spatial PT studies. 

 

Data Categorization 

After duplicates were removed from all sources, the I and a coder screened 

abstracts for eligibility criteria. Next, studies underwent methodological coding to record 

the following information: (1) the number of neurotypical adult participants; (2) the task 

used; (3) relevant contrasts; (4) whether whole-brain activations were reported; (5) the 

stereotaxic space from which coordinates were reported. Studies were assigned to a 

domain based on the study authors’ identification of the ability being measured. Any 

studies that did not meet inclusion criteria based on information gained from 

methodological coding were excluded. Spatial PT had the fewest number of eligible 

studies (n = 31; c.f. Figure 1). In an effort to balance the meta-analytic precision for the 

other domains to that attained for spatial PT, 31 studies were randomly selected from the 

eligible studies of each other domain to be included for analysis, using the random 

integer generator (https://www.random.org/integers/). This approach resulted in the 
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inclusion of 124 total studies (Appendix A, Tables A1-A4) with data from a total of 573 

participants across the four domains. 

 

Studies by Domain, Task, and Contrast 

Examples of the main categories of tasks and contrasts for each domain are 

provided in Table 2.  

 

 

Figure 1 

Overview of the study selection process 

Note. The flow chart shows the number of studies identified from each source, how many 

studies met inclusion and exclusion criteria, and the different stages of screening. 

Numbers are reported for each domain specified by the key. Thirty-one studies (i.e., the 

total number of eligible spatial PT studies) were randomly selected from those that met 

inclusion criteria for final inclusion for each domain. PT = perspective taking. 
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Spatial Perspective Taking Studies. Studies of spatial PT were comprised of 

two main task types: level 1 spatial PT (n = 10) and level 2 spatial PT (n = 21). Level 1 

spatial PT tasks require a participant to report whether something can be seen from an 

alternative point-of-view, whereas level 2 spatial PT tasks require participants to report 

specifically how something looks from an alternative point-of-view (e.g., make a left or 

right judgement relative to self or object in the scene). There were three main contrasts 

across spatial PT studies: 3PP > 1PP (n = 17), spatial PT > non-spatial PT judgement 

(e.g., age judgement; n = 8), and viewer rotation > object rotation (n= 5). Viewer rotation 

is a particular sub-category of spatial PT wherein participants are asked to imagine 

themselves rotating around a scene. Conversely, object rotation (also commonly called 

mental rotation) is when a participant is asked to imagine the object/scene rotating, while 

they remain still. One spatial PT study reported coordinates from linear contrasts of the 

linear increase in degrees of the perspective between learning and test (Xiao et al., 2010). 

 

Cognitive Perspective Taking Studies. Studies in the cognitive PT domain were 

comprised of two main task types: false belief tasks (n = 17) and theory of mind (ToM) 

stories or cartoons (n =11). False belief tasks provided scenarios wherein a hypothetical 

person’s beliefs differed from another hypothetical person’s beliefs, and/or the 

participant’s first-person knowledge. In the experimental condition, participants were 

asked to make judgements about what people in the scenario believe, and in the control 

condition, to make physical or factual judgments about the scenario. ToM story or 

cartoon tasks were largely similar to false belief tasks, but they differed in that the former 

task group did not require participants to reason about false beliefs specifically, but 



46 

rather, to consider cognitive mental states more generally. Three studies in the cognitive 

PT domain used tasks outside of these two main categories. These tasks were self or other 

trait judgements (D'Argembeau et al., 2007), cognitive mental state attribution in 

communication (Director Task; Hillebrant et al., 2013), and cognitive mental state 

attribution on verbal cues, eye gaze, and facial expression (Yoni Task; Bodden et al., 

2013). Cognitive PT studies relied on two main contrasts: False belief > physical/ true 

belief/ rest (n = 16), ToM > non-ToM (n=13). Two studies relied on a 3PP > 1PP 

contrast. 

 

Affective Perspective Taking Studies. Studies in the affective PT domain were 

comprised of three main task types: affective stories or cartoons (n=14), emotion 

recognition (n = 10), and empathic accuracy (n= 5). Affective stories or cartoons depicted 

hypothetical people in social scenarios and required participants to predict how the 

person felt. In control conditions, the participant was typically asked to make non-

affective judgements about the person in the scenario (e.g., age, gender) or about physical 

or factual properties of the scenario. Emotion recognition tasks provided participants with 

the facial expression of a target individual and asked what emotion that person felt. 

Control conditions for this task were like that of the affective stories (i.e., age or gender 

judgments). Empathic accuracy tasks consisted of video stimuli of individuals recounting 

autobiographical events from their past that were neutral or emotional. In the 

experimental condition, participants continuously rated the strength and/or valence of the 

emotion (e.g., scale from 1 = “very negative” to 9 = “very positive; Zaki et al., 2012) of 

the target as they spoke. In the control condition, participants rated emotion during the 

neutral memory videos, or of non-affective characteristics of the target (e.g., eye gaze). 
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Two studies in the affective PT domain used tasks outside of these main categories. One 

used a task wherein participants had to match target face stimuli to the appropriate scene 

given the emotion portrayed (Haas et al., 2015). Another had participants view neutral 

and negative affect-inducing pictures and participants made emotional judgements from 

self and other perspectives (Gilead et al., 2016). Affective PT studies relied on three main 

contrasts: affective judgement > physical (n = 10), affective judgement > age/ gender (n = 

10), affective judgement > non-affective judgement (n = 4; e.g., cognitive judgement, 

rating of neutral video). Three studies relied on a 3PP > 1PP contrast. Three additional 

studies reported coordinates that parametrically tracked with empathic accuracy, and one 

used the contrast of ambiguous emotional judgement > non-ambiguous emotional 

judgement.  

 

Attention Switching Studies. Studies in the attention domain were comprised of 

one main paradigm, namely, attentional switching, sometimes also called task switching 

(n = 31). In a typical attentional switching paradigm, participants are provided with a cue 

at the start of a trial to indicate what kind of task they will need to complete on upcoming 

stimuli. The main cue-types included verbal (n = 11), shape/ arrow orientation (n = 10), 

and stimulus (e.g., type, color, or brightness; n = 9). One additional study had participants 

infer a task switch was necessary based on feedback from the preceding trial (Nee et al., 

2011). There were over 12 different types of tasks that participants were instructed to 

switch between. The most popular included odd/ even judgements of numbers (n = 7), 

magnitude judgements
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Table 2 

Examples of main tasks and contrasts from each domain 

Domain Task Type 

Year, 

First Author Contrast Condition 1 Condition 2 

Spatial PT Level 2 2007, Zaehle 3PP > 1PP 3PP spatial judgement: 

Participants heard a verbal 

description of a spatial scene, 

(e.g., “The blue triangle is to 

the left of the green square. 

The green square is above 

the yellow triangle. The 

yellow triangle is to the right 

of the red circle.”) 

Participants were asked 

about the position of an 

object relative to another 

object in the scene (e.g., “Is 

the blue triangle above the 

red circle?”) 

1PP spatial judgement: 

Participants heard a verbal 

description of a spatial scene, (e.g., 

“The blue circle is in front of you. 

The yellow circle is to your right. 

The yellow square is to the right of 

the yellow circle.”) Participants 

were asked about the position of 

an object relative to themselves 

(e.g., “Is the yellow square to your 

right?”) 

Spatial PT Level 2 2006, 

Wallentin 

spatial PT > 

non-spatial 

judgement 

Spatial PT judgement: 

Participants saw stimuli of a 

man, a woman, and a chair in 

a room and were asked “Was 

he /she/ it in front of him/ 

her/ it/ you? “ 

Non-spatial (age) judgement: 

Participants saw stimuli of a man, 

a woman, and a chair in a room 

and were asked “Was he/ she/ it 

older than him/ her/ it/ you? “ 
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Table 2 (continued) 

Domain Task Type 

Year, 

First Author Contrast Condition 1 Condition 2 

Spatial PT Level 2 2003,  

Zacks 

viewer 

rotation > 

object 

rotation 

Viewer rotation: 

Participants saw four colored 

blocks mounted on wooden 

poles on a wooden platform 

and a number corresponding to 

the degree they should 

mentally rotate themselves 

around the platform. 

Participants then report the 

location of a particular object 

after the transformation. 

Object rotation: 

Participants saw four colored 

blocks mounted on wooden 

poles on a wooden platform and 

a number corresponding to the 

degree they should mentally 

rotate the platform. Participants 

then report the location of a 

particular object after the 

transformation. 

Spatial PT Level 1 2013,  

Ramsey 

3PP > 1PP 3PP judgement: 

Participants saw a person 

standing in a room with a 

varying number of dots shown 

on the wall the person was 

facing, and on the wall the 

person was opposing. 

Participants were asked how 

many dots the person could 

see. 

1PP judgement: 

Participants saw a person 

standing in a room with a 

varying number of dots shown 

on the wall the person was 

facing, and on the wall the 

person was opposing. 

Participants were asked how 

many dots they themselves could 

see. 
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Table 2 (continued) 

Domain Task Type 

Year, 

First Author Contrast Condition 1 Condition 2 

Cognitive 

PT 

False belief 2020,  

Wysocka 

False belief 

> physical/ 

factual  

False belief judgement: 

Participants saw a character 

watch as a ball was placed in 

one of three colored boxes. 

The character left the scene, 

and the ball was moved to a 

different colored box. 

Participants were asked which 

box the character thought the 

ball was in. 

Physical/ factual judgement: 

Participants saw a ball placed in 

one of three colored boxes (no 

agent was present). The ball was 

then moved to a different colored 

box. Participants were asked 

which box the ball was in. 

Cognitive 

PT 

ToM 

cartoons 

2008,  

Lissek 

ToM >  

non-ToM 

ToM judgement: 

Participants saw four-panel 

cartoons of people that 

depicted scenarios of 

cooperation, deception, or a 

combination. Participants were 

then asked about one of the 

characters intentions (“What 

does the boy with the red 

pullover have in mind?”) 

Non-ToM judgement: 

Participants saw four-panel 

cartoons of people that depicted 

scenarios of cooperation, 

deception, or a combination. 

Participants were then asked 

about properties of objects 

displayed in the scene (“Is the 

background blue or yellow?”) 
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Table 2 (continued) 

Domain Task Type 

Year, 

First Author Contrast Condition 1 Condition 2 

Cognitive 

PT 

Trait 

judgements 

2007, 

D'Argembeau 

3PP > 1PP 3PP trait judgement: 

Participants were asked to 

select another person they 

knew well, and to decide if the 

other person thought they had 

a certain trait. (“According to 

Caroline, is she sociable?’’) 

1PP trait judgement: 

Participants were asked to 

decide if another person had a 

certain trait. (“Is Caroline 

sociable?’’) 

Affective 

PT 

Affective 

cartoons 

2016, 

Schmitgen 

Affective > 

physical 

Affective judgement: 

Participants saw three-panel 

cartoons of a protagonist in 

various situations. Participants 

judged whether the protagonist 

felt better or worse than the 

preceding panel. 

Physical judgement: 

Participants saw three-panel 

cartoons of a protagonist in 

various situations. Participants 

judged if the number of living 

beings was less, equal, or more 

than the preceding panel. 

Affective 

PT 

Emotion 

recognition 

2010, 

Mier & Lis 

Affective > 

gender 

Affective judgement: 

Participants saw a photo of a 

person making a facial 

expression of joy, anger, fear, 

disgust or neutral. Participants 

decided whether a statement 

about the face ("This person is 

angry") was correct or 

incorrect. 

Gender judgement: 

Participants saw a photo of a 

person making a facial 

expression of joy, anger, fear, 

disgust or neutral. Participants 

decided whether a statement 

about the face ("This person is 

female") was correct or 

incorrect. 
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Table 2 (continued) 

Domain Task Type 

Year, 

First Author Contrast Condition 1 Condition 2 

Affective 

PT 

Empathic 

accuracy 

2018, 

Mackes 

Affective > 

neutral 

Affective judgement: 

Participants saw videos of 

target individuals recounting 

autobiographical events from 

which the targets had strong 

happy, sad, angry, or 

frightened feelings. 

Participants continuously rated 

the strength of the emotion (1 

= “no emotion” to 9 = “very 

strong") of the target 

throughout the video.  

Neutral judgement: 

Participants saw videos of target 

individuals describing their 

bedrooms. Participants 

continuously rated the strength 

of the emotion (1 = “no 

emotion” to 9 = “very strong") 

of the target throughout the 

video.  

Attention 

switching 

Task 

switching 

2013, 

Witt 

Task switch 

> task 

repeat 

Color judgement: 

Participants saw a cue 

"COLOR" written on the 

screen. This informed 

participants they were required 

to count the number of 

different colors in the stimulus 

of the upcoming trial. The trial 

stimulus included either 1, 2, 

or 3 different colors. 

Shape judgement: 

Participants saw a cue "SHAPE" 

at written on the screen. This 

informed participants they were 

required to count the number of 

different shapes in the stimulus 

of the upcoming trial. The trial 

stimulus included either 1, 2, or 

3 different shapes. 

 



 

of numbers (n = 7), color judgements (n = 6), and gender judgements (n = 6). Seven tasks 

required a spatial judgement (e.g., is a red dot on the left or right of the screen), seven 

tasks had a face stimulus (e.g., gender judgement), and the majority of tasks across 

attention switching studies did not require judgments about spatial relationships or people 

(n = 17). All studies in this domain relied on the contrast task switch > task repeat. 

 

Activation Likelihood Estimation Meta-Analyses 

Coordinates were extracted from the relevant contrast of each study selected for 

inclusion. Differences in standard coordinate spaces between studies (MNI vs. Talairach) 

were resolved by transforming coordinates reported in Talairach space into MNI space 

using a linear transformation implemented in GingerALE (version 3.0.2; Lancaster et al., 

2007; Eickhoff et al., 2009). Activation likelihood estimation (ALE; Chein et al., 2002; 

Eickhoff et al., 2012; Turkeltaub et al., 2012) meta-analyses were performed using 

NiMARE (V.0.0.12rc1; Salo et al., 2022). This involved the generation of modeled 

activation maps for each study by convolving each peak focus with a three-dimensional 

Gaussian distribution kernel determined by the study’s sample size. Studies with larger 

sample sizes have less spatial uncertainty and therefore produce smaller, more precise 

kernels. The resulting modeled activation maps were produced in MNI 152 space at 2 x 2 

x 2 mm resolution. Maps of ALE summary statistic values were then computed as the 

union of modeled activation values across studies for each domain. Voxel-wise 

significance of the summary statistics of each ALE map was determined by comparison 

to an analytically derived histogram-based null distribution of summary statistic values. 

Next, correction for multiple comparisons was implemented with family-wise error 
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(FWE) correction using the maximum cluster size permutation method with a cluster-

forming threshold of p < 0.005. This threshold is slightly more conservative than other 

recommended thresholds (Eickhoff et al., 2016). The null distribution of cluster sizes was 

estimated from 10,000 iterations.  

Individual ALE maps were generated for studies of each domain (i.e., spatial PT, 

cognitive PT, affective PT, and attention switching). An individual ALE map was also 

derived for spatial PT studies that specifically used level 2 tasks. Peak clusters extracted 

from FWE-corrected ALE maps were anatomically labeled using the Harvard-Oxford 

cortical atlas (Desikan et al., 2006) and Jülich histological atlas (Eickhoff et al., 2005). 

Additional locational labels were derived with coordinate-to-term searches on 

Neurosynth (https://neurosynth.org; Lu et al., 2022). A focus-count analysis was 

conducted for the corrected ALE map of each domain to determine the relative 

contribution of each study by counting the number of peaks from each study that fell 

within each significant cluster (Supplementary Materials, Table A1-A5). 

 

Conjunction Analyses 

To determine if there were regions of overlap between domains, conjunction 

images were computed using nilearn (Abraham et al., 2014) to identify voxels that were 

statistically significant in both individual domain maps, and then selecting, for each of 

these voxels, the smaller of the two domain-specific z values (Nichols et al., 2005). 

Conjunctions were performed between each domain. For spatial PT, separate 

conjunctions were performed between all spatial PT studies (n = 31) with other domains 

and additionally between spatial PT studies that included level 2 tasks (level 2 spatial PT; 

n = 21) with other domains.  

https://neurosynth.org/
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Results 

 

ALE for Individual Domains 

An overview of brain regions derived from ALE meta-analyses of each domain 

are shown in Figure 2. Significant clusters for each domain are reported in Table 3. 

 

Spatial Perspective Taking Results. The ALE meta-analysis of all spatial PT 

studies showed convergence in seven clusters. These included the bilateral superior 

parietal lobe/ posterior supramarginal gyrus (SMG) extending into posterior parietal 

cortex, the bilateral ventrolateral prefrontal cortex (vlPFC; specifically, the pars 

opercularis of the inferior frontal gyrus), the bilateral superior/ middle frontal gyrus/ 

frontal eye fields, and the left superior lateral occipital cortex (Figure 2A). The largest 

cluster corresponding to the peak coordinate in the right posterior parietal cortex spanned 

from the right inferior parietal lobe up to right superior parietal lobe and towards the 

midline of the brain, crossing over into the right precuneus and ending in left precuneus. 

The peak clusters in superior/middle frontal gyrus/ frontal eye fields extended superiorly 

towards Brodmann’s area 6, premotor cortex. Retrosplenial cortex appeared as a cluster 

bilaterally but did not surpass the FWE significance cutoff. Relatedly, focus count 

analyses indicated only five peak coordinates across all spatial PT studies contributed to 

the left retrosplenial cortex cluster (see Appendix A, Table A1 and Table A5). 
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Figure 2. 

Overview of ALE meta-analysis results of individual domains 

Note. Overview of clusters derived from activation likelihood estimation (ALE) meta-

analyses of each domain. (A) Spatial perspective taking, including level-1 and level-2 

tasks; (B) Cognitive perspective taking; (C) Affective perspective taking; (D) Attention 

switching. Coordinates are in MNI space. Brightness of clusters corresponds to their z 

value. 

  



 

Table 3 

Peaks of significant clusters derived from ALE meta-analysis of individual domains 

Domain  

Anatomical Label 

 MNI  

Coordinates z  

value 

Cluster 

Size (mm3)  x y z 

Spatial Perspective Taking (Level 1 & Level 2)       

Superior parietal lobe/ posterior SMG (posterior parietal cortex) R 16 -64 50 3.719 11624 

Superior parietal lobe/ posterior SMG (posterior parietal cortex) L -38 -46 44 3.719 5152 

Inferior frontal gyrus, pars opercularis (vlPFC) R 50 10 24 3.540 3120 

Superior/ middle frontal gyrus (frontal eye fields)  L -26 2 56 3.121 2848 

Superior lateral occipital cortex L -30 -80 32 3.121 2840 

Superior/ middle frontal gyrus R 30 2 56 2.139 2080 

Inferior frontal gyrus, pars opercularis (vlPFC) L -44 8 28 1.849 1880 

Retrosplenial cortex/ precuneus R 16 -54 16 1.599 1728 

Retrosplenial cortex/ precuneus L -16 -62 18 0.589 1192 

Spatial Perspective Taking (Level 2 only)       

Superior parietal lobe/ posterior SMG (posterior parietal cortex) L -12 -70 54 3.719 3480 

Superior parietal lobe/ posterior SMG (posterior parietal cortex) L -38 -46 44 3.432 3312 

Superior parietal lobe/ precuneus R 14 -68 54 3.291 3160 

Superior/ middle frontal gyrus R 38 2 52 2.418 264 

Superior/ middle frontal gyrus (frontal eye fields)  R 26 2 58 2.349 1992 

Superior lateral occipital cortex L -32 -82 32 2.194 2120 

Inferior frontal gyrus, pars opercularis (vlPFC) R 50 10 24 1.937 1928 

Superior frontal/ middle gyrus L -24 0 56 1.693 1768 

Superior parietal lobe/ posterior SMG (posterior parietal cortex) R 36 -48 50 1.657 1728 

Retrosplenial cortex/ precuneus R 18 -56 18 1.267 1520 

Retrosplenial cortex/ precuneus L -16 -62 20 0.212 1056 
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Table 3 (continued) 

Domain  

Anatomical Label 

 MNI  

Coordinates z  

value 

Cluster 

Size (mm3)  x y z 

Cognitive Perspective Taking       

Angular gyrus (TPJ) R 52 -56 22 3.719 5656 

Superior frontal gyrus (dmPFC)  0 56 26 3.719 5304 

Precuneus L -2 -56 40 3.719 5488 

Angular gyrus (TPJ) L -52 -56 24 3.719 6688 

Posterior supramarginal gyrus L -58 -46 36 3.719 24 

Anterior middle temporal gyrus (ATL) L -54 -4 -24 3.195 2808 

Anterior middle temporal gyrus (ATL) R 58 -6 -16 2.948 1624 

Posterior middle temporal gyrus R 60 -26 -10 2.948 880 

Frontal medial cortex (vmPFC) R 4 48 -14 2.157 1864 

Affective Perspective Taking       

Temporal pole (ATL) R 52 6 -28 3.719 3944 

Frontal orbital cortex / Inferior frontal gyrus, pars triangularis L -46 24 -8 3.719 3296 

Posterior supramarginal gyrus (TPJ) L -54 -50 12 3.719 5232 

Temporal pole (ATL) L -48 10 -34 2.478 2200 

Inferior frontal gyrus, pars triangularis  R 54 28 0 2.181 1992 

Precuneus L -4 -56 32 1.976 1856 

Superior frontal gyrus L -4 18 58 1.872 1784 

Superior frontal gyrus (dmPFC) L -6 52 36 1.812 1744 
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Table 3 (continued) 

Domain  

Anatomical Label 

 MNI  

Coordinates z  

value 

Cluster 

Size (mm3)  x y z 

Attention Switching       

Superior frontal gyrus/ SMA L -8 10 50 3.719 9704 

Superior parietal lobe (posterior parietal cortex) L -36 -54 46 3.719 9480 

Inferior frontal gyrus, pars opercularis (vlPFC) L -46 14 28 3.719 5320 

Middle frontal gyrus/ premotor cortex L -42 2 50 3.719 464 

Precuneus L -8 -70 46 3.195 3136 

Insular cortex  R 34 22 2 1.951 2008 

Posterior cingulate gyrus   0 -30 34 1.699 1840 

Note. Clusters are reported in order of magnitude of their corresponding z-values for each domain. SMG = supramarginal 

gyrus; vlPFC = ventrolateral prefrontal cortex; dmPFC = dorsomedial prefrontal cortex; TPJ = temporo-parietal junction; ATL 

= anterior temporal lobe; vmPFC = ventromedial prefrontal cortex; SMA = supplementary motor area. 

 



 

 

Figure 3. 

Overlay of level 2 spatial PT and all spatial PT 

 

Note. Clusters of activation derived from the ALE meta-analysis of level-2 spatial PT 

studies (red) overlayed onto clusters of activation derived from ALE meta-analysis of all 

spatial PT studies (i.e., level 1 and level 2; blue). Clusters’ brightness corresponds to their 

respective z values. Coordinates are in MNI space. PT = perspective taking. 

 

 

 

Cognitive Perspective Taking Results. ALE meta-analysis of cognitive PT 

studies showed convergence in nine clusters, including the bilateral angular gyrus/ TPJ, 

superior frontal gyrus/ dorsomedial prefrontal cortex (dmPFC), precuneus, left posterior 

supramarginal gyrus, bilateral anterior middle temporal gyrus/ anterior temporal lobe 

(ATL), posterior middle temporal gyrus, and right frontal medial cortex/ ventromedial 

prefrontal cortex (vmPFC). 
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Affective Perspective Taking Results. The ALE meta-analysis of affective PT 

studies showed convergence in eight clusters, including bilateral temporal pole/ ATL, left 

frontal orbital cortex, left posterior supramarginal gyrus/ TPJ, right vlPFC (inferior 

frontal gyrus, pars triangularis), precuneus, left superior frontal gyrus, and left superior 

frontal gyrus/ dmPFC. Three additional clusters also appeared in right angular gyrus/ 

TPJ, right posterior middle temporal gyrus, and left inferior frontal gyrus, pars 

opercularis/ vlPFC that did not survive FWE significance thresholding. 

 

Attention Switching Results. The ALE meta-analysis of attention switching 

studies showed convergence in seven clusters, including left superior frontal gyrus/ 

supplementary motor area (SMA), left superior parietal lobule/ posterior parietal cortex, 

vlPFC (left inferior frontal gyrus, pars opercularis), left middle frontal gyrus/ premotor 

cortex, left precuneus, right insular cortex, and posterior cingulate gyrus. The cluster 

corresponding to the superior frontal gyrus/SMA covered a large area from the anterior 

cingulate gyrus spanning through the paracingulate gyrus and SMA to the superior and 

middle frontal gyri. Clusters also emerged for left insular cortex, right precuneus 

expanding into right superior parietal lobe, and right premotor cortex expanding into left 

superior frontal gyrus, but these additional clusters did not survive FWE significance 

thresholding. 
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Figure 4. 

Summary of conjunction analyses between individual domains 

 

Note. Cells represent findings from the conjunction between two domains given in the 

row and column. For each conjunction, the number of significant clusters is written in the 

cell, and if this was greater than zero, an image of the conjunction map was included. The 

color of each cluster corresponds to its z-value. PT = perspective taking. 



 

Table 4 

Peaks of significant clusters derived from conjunction analyses 

Conjunction  

Anatomical Label 

 MNI  

Coordinates z  

value 

Cluster 

Size (mm3)  x y z 

Cognitive PT x Affective PT 
 

     

Angular gyrus (TPJ) L -50 -54 20 3.719 1904 

Anterior middle temporal gyrus (ATL) R 54 0 -22 2.878 248 

Temporal pole (ATL) L -44 8 -34 2.506 8 

Anterior middle temporal gyrus (ATL) L -50 2 -32 2.506 416 

Precuneus L -2 -58 34 1.983 1192 

Superior frontal gyrus (dmPFC) L -6 54 32 1.983 568 

All Spatial PT x Cognitive PT       

Posterior SMG/ anterior intra-parietal sulcus L -44 -50 42 3.719 72 

Level 2 Spatial PT x Cognitive PT       

Posterior SMG/ anterior intra-parietal sulcus L -46 -48 42 3.353 8 

Attention x All Spatial PT       

Superior parietal lobe/ precuneus L -10 -72 50 3.719 888 

Superior parietal lobe/ posterior SMG L -38 -48 46 3.719 2216 

Superior lateral occipital cortex L -26 -72 34 2.894 592 

Superior/ middle frontal gyrus (frontal eye fields)  L -28 2 58 2.442 1296 

Superior/ middle frontal gyrus (frontal eye fields)  R 26 2 56 2.139 688 

Inferior frontal gyrus, pars opercularis (vlPFC) L -46 8 30 1.852 1280 
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Table 4 (continued) 

Conjunction  

Anatomical Label 

 MNI  

Coordinates z  

value 

Cluster 

Size (mm3)  x y z 

Attention x Level 2 Spatial PT       

Superior parietal lobe/ precuneus (posterior parietal cortex) L -10 -70 50 3.432 840 

Superior parietal lobe/ posterior SMG L -36 -48 46 3.353 1632 

Superior/ middle frontal gyrus (frontal eye fields)  R 26 2 56 2.418 840 

Superior lateral occipital cortex L -26 -74 36 2.241 104 

Superior/ middle frontal gyrus (frontal eye fields)  L -26 0 58 1.706 808 

Attention x Cognitive PT       

Anterior intraparietal sulcus L -42 -50 42 3.719 8 

Precuneus L -4 -66 42 3.195 104 

Attention x Affective PT       

Precuneus L -4 -64 40 1.995 8 

Superior frontal gyrus/ SMA L -4 16 52 1.894 840 

Attention x Cognitive PT x Affective PT       

Precuneus L -4 -64 40 1.995 8 

Attention x Cognitive PT x all Spatial PT        

Anterior intraparietal sulcus L -42 -50 42 3.719 8 

Note. PT = perspective taking; TPJ = temporo-parietal junction; ATL = anterior temporal lobe; dmPFC = dorsomedial 

prefrontal cortex; SMG = supramarginal gyrus; vlPFC = ventrolateral prefrontal cortex; SMA = supplementary motor area. 

 

 



 

Conjunction Results 

Significant clusters derived from conjunction analyses across domains are listed 

in Table 4, and an overview of the conjunction results is provided in Figure 4. Cognitive 

and affective PT shared six regions of functional overlap, including one cluster in left 

angular gyrus/ TPJ, two clusters in left ATL, one cluster in right ATL, one cluster in left 

precuneus, and one cluster in left superior frontal gyrus/ dmPFC. Two additional 

convergent clusters also emerged in right angular gyrus/ TPJ and left posterior middle 

temporal gyrus, but neither reached statistical significance. Spatial PT showed no regions 

of overlap with affective PT, both when considering all spatial PT tasks and when only 

including level 2 spatial PT tasks. The conjunction of all spatial PT studies and cognitive 

PT studies revealed one small converging cluster in posterior parietal cortex, specifically 

in posterior SMG/ anterior IPS. The conjunction of level 2 spatial PT studies and 

cognitive PT studies revealed a smaller converging cluster in the same region.  

Conjunctions of attention switching and all spatial PT studies showed six 

converging clusters, including left superior parietal lobe/ precuneus, left superior parietal 

lobe/ posterior SMG, left superior lateral occipital cortex, bilateral superior/ middle 

frontal gyrus/ frontal eye fields, and left inferior frontal gyrus, pars opercularis/ vlPFC. 

All of these clusters except for the right vLPFC (inferior frontal gyrus, pars opercularis) 

also appeared as convergent clusters in the conjunction with attention switching when 

including only level 2 spatial PT tasks. Attention switching and affective PT shared a 

significant converging cluster in the midline superior frontal gyrus/SMA, and a very 

small cluster in the precuneus. This small precuneus cluster was also shared with 

cognitive PT. Another cluster also emerged in the conjunction between attention 

switching and affective PT in the left vlPFC (inferior frontal gyrus, pars operculars) that 
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did not reach statistical significance. Cognitive PT shared two regions of overlap with 

attention switching: the precuneus and the anterior IPS (hIP1). This converging IPS 

cluster was also shared with spatial PT.  

 

Discussion 

The first aim of the present study was to update current knowledge regarding the 

functional neural correlates of spatial PT, and to provide a first assessment of the specific 

neural processes that undergird level 2 spatial PT. We conducted a systematic ALE meta-

analysis of spatial PT studies that used either a level 1 or level 2 task and compared this 

with an ALE map of studies which only used a level 2 task. Results showed involvement 

of regions associated with spatial updating, spatial imagery, and working memory, but 

surprisingly minimal involvement of the retrosplenial cortex which is thought to be 

involved in transformation between egocentric and allocentric perspectives. An additional 

aim of the present study was to adjudicate between common and distinct mechanisms 

hypotheses of spatial, cognitive, and affective PT. We conducted a systematic ALE meta-

analysis and conjunction analyses of spatial, cognitive, and affective PT, and attention 

switching studies. Conjunction analyses of PT across domains did not identify a single 

cluster, of any size, that converged for all three types of PT. Rather, the general pattern of 

findings suggested that social PT (cognitive and affective PT) relies on distinct neural 

correlates from spatial PT (at either level), which shows greater convergence with 

attention switching. As such, this overall outcome seems to broadly support a distinct 

mechanisms account.  
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Updating Our Knowledge of the Neural Correlates of Spatial PT 

Relatively few neuroimaging studies of spatial PT have been available in the past 

to thoroughly investigate its neural correlates via meta-analytic methods (c.f. Schurz et 

al., 2013). Further, previous limitations in the number of spatial PT studies made it 

unfeasible to perform separate meta-analysis of level 2 spatial PT tasks (Arora et al., 

2017). To illustrate, Schurz and colleagues’ (2013) meta-analysis of spatial PT was able 

to include only fourteen studies of spatial PT—eleven of which used a level 2 task. In the 

present meta-analysis, over double the number of spatial PT studies were able to be 

added, including twenty-one that used level 2 tasks. This increase in studies can be 

attributed both to new studies that have been published (n = 8) and to the use of 

Connected Papers, which identified 9 additional spatial PT studies published prior to 

2013. Although these additions did not allow for separate analysis of level 1 spatial PT 

studies, it did allow for the generation of a separate ALE map of level 2 spatial PT 

studies. 

When comparing meta-analytic activation from spatial PT studies of both task 

types and just level 2 tasks, two small differences were found (see Figure 4 and Table 3). 

First, the vlPFC clusters appeared in the right hemisphere for level 2 spatial PT, but 

bilaterally when looking across both levels of spatial PT. Conversely, the superior lateral 

occipital cortex cluster appeared in the left hemisphere only for level 2 spatial PT tasks, 

and bilaterally for all spatial PT tasks. This pattern of finding may suggest that there are 

slight hemispheric differences in activation during different levels of spatial PT 

processing. Some researchers have proposed that even when asked to perform only a 

level 1 spatial PT task, adults may spontaneously engage in level 2 processes (Arora et 
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al., 2017). In the present analysis, excluding level 1 tasks showed little change in the 

neural correlates of spatial PT. Future work investigating distinct neural correlates of 

level 1 spatial PT may benefit from conducting neuroimaging experiments with children 

who have yet to develop or are only just developing mature level 2 spatial PT abilities. 

Previously, the retrosplenial cortex has been proposed to play an important role in 

level 2 spatial PT, as a region that allows for both egocentric and allocentric perspectives 

to interact (Byrne et al., 2007; Woblers et al., 2008; Bicanski & Burgess, 2018). 

Retrosplenial cortex appeared as a cluster bilaterally for all- and level-2-only spatial PT 

but did not survive significance thresholding. Since the comparison of 3PP to 1PP 

conditions is the most popular contrast used in fMRI studies of spatial PT, it is possible 

that a strong activation of the retrosplenial cortex in both 1PP and 3PP trials causes the 

retrosplenial contribution to be “washed out”. An alternative interpretation may be related 

to the extent to which different spatial PT paradigms included in the present analysis 

relied on memory. For example, some spatial PT paradigms require participants to 

remember objects in a scene across a delay before making a perspective judgement (e.g., 

Lambrey et al., 2011; Wallentin et al., 2006). Meanwhile, other spatial PT paradigms 

display stimuli for the duration of participants’ perspective judgment (e.g., Zacks et al., 

2003; Wraga, Boyle, et al., 2010). If there was a memory component of the paradigm, 

participants may have had additional time or a further need to encode, retrieve, and 

transform the egocentric perspective into an allocentric one. However, if during a spatial 

PT task participants were not required to remember the scene over a delay, they might 

have avoided forming an allocentric representation altogether, and instead relied on the 

displayed egocentric image and continually updated this egocentric point-of-view in an 
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embodied fashion to arrive at the correct perspective. This may also explain the lack of 

activation in medial temporal regions during spatial PT tasks that are typically associated 

with planning, imagery, and navigation of large-scale environments (Byrne et al., 2007; 

Bicanski & Burgess, 2018).  While the present study did not directly compare neural 

correlates of spatial PT studies with and without memory demanding paradigms, the 

curious reader may find relevant information in the focus count analysis tables presented 

in Appendix A. 

The idea that participants may spatially update an egocentric perspective rather 

than engage in mental transformations between egocentric and allocentric perspectives in 

some spatial PT paradigms is supported by the appearance of superior/ middle frontal 

gyrus in the meta-analytic activation map of spatial PT studies. This region has 

previously been associated with continuous egocentric spatial updating during a forward 

movement as compared to a static delay (Wolbers et al., 2008). In addition, spatial PT 

and attention switching activations overlapped in the left inferior frontal gyrus, pars 

opercularis. The pars opercularis is thought to be involved in spatial imagery; however, 

this region is also associated more generally with working memory (Chein et al., 2002; 

Nee et al., 2013). Behaviorally, better working memory is associated with better 

performance in both spatial PT (Brucato et al., 2022) and task switching (Pettigrew et al., 

2016). Thus, activation of this region may reflect the strategy of maintaining and 

updating spatial points-of-view in working memory during spatial PT, and in maintaining 

and updating rules in working memory for alternating tasks during attention switching. 
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Limited Support for Common Mechanisms of Spatial and Social PT 

Several findings from the present study showed partial but very limited support 

for common mechanisms hypotheses of PT. First, spatial PT, cognitive PT, and attention 

switching all showed overlapping functional activation in a very small cluster in the left 

anterior IPS. On one hand, this result may be interpreted to suggest that during PT, a 

small section of anterior IPS supports a common computation that is important to PT, 

regardless of domain. One such computation may be top-down attentional “filtering” of 

competing perspectives (Sun & Wang, 2014). However, affective PT did not show 

activation in the IPS. Interpretation of this finding within a common mechanisms 

framework would thus need to describe a computation involved in attention switching, 

spatial and cognitive PT, but not affective PT. Importantly, the amount of overlap 

between attention switching and spatial PT in the IPS was very large, extending upwards 

into the left superior parietal lobe, whereas the cognitive PT cluster showed only a small 

and discrete area of activation in IPS that was largely situated more ventrally in left 

inferior parietal lobe and angular gyrus. Thus, I caution over-interpretation of this small 

conjunction of cognitive PT with spatial PT and attention in left IPS. 

Second, all three types of PT and attention switching showed a cluster of 

activation somewhere within the broader precuneus. Cognitive and affective PT showed 

largely overlapping precuneus clusters, but social and spatial PT clusters were not 

overlapping or even immediately adjacent to one another within the precuneus. The 

precuneus has previously been associated with a range of tasks including spatial PT, 

attention switching, and episodic memory retrieval (Cavanna & Trimble, 2006).  In the 

present ALE meta-analysis, attention switching overlapped with spatial PT in the 
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posterior precuneus, and to a very small extent with social PT in a more central/anterior 

portion of the precuneus. Previous work has identified functional parcellations of the 

precuneus, differentiating the posterior precuneus – which is functionally connected to 

visual regions of the cortex like retrosplenial cortex and fusiform gyrus, the central 

precuneus – which is functionally connected to cognitive associative areas of the cortex 

like angular gyrus, and precuneus parcels closest to the posterior cingulate – which are 

functionally connected to dmPFC (Margulies et al., 2009). The domains in this study 

mapped onto these separate areas of the precuneus, such that spatial PT was situated most 

posteriorly, followed by attention switching, then cognitive PT, and lastly affective PT 

most anteriorly, situated closest to the posterior cingulate.  

Third, affective PT and attention switching showed a relatively large region of 

functional overlap in left superior frontal gyrus/SMA. This anteromedial portion of the 

superior frontal gyrus has previously been shown to have structural and resting-state 

functional connectivity with a host of regions in cognitive control and default mode 

networks, including regions that appeared on the individual domain maps either 

separately or convergently for affective PT and attention switching such as posterior 

cingulate cortex, angular gyrus, ATL, precuneus, and opercular and triangular parts of the 

inferior frontal gyrus (Li et al., 2013). However, ALE maps of spatial and cognitive PT 

did not identify clusters in this region, either disjunctive or conjunctive. Therefore, it 

appears that at least in some instances, superior frontal gyrus supports a type of 

computation involved in affective PT and attention switching that does not subserve 

spatial and cognitive PT.  
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Finally, affective and spatial PT each showed large ALE clusters in bilateral 

inferior frontal gyrus. However, these clusters were in different portions of this large 

region and were again not overlapping. The spatial PT clusters fell within the more 

posterior pars opercularis of the inferior frontal gyrus, while the affective PT cluster fell 

within the more anterior and ventral pars triangularis. Review of lesion and fMRI studies 

suggest that parts of the inferior frontal gyrus may be involved in simulation of emotional 

states of others (Shamay-Tsoory, 2011), and anodal stimulation to the right inferior 

frontal gyrus in healthy adults improves accuracy in emotion recognition of others (Wu et 

al., 2018). Further, damage to pars triangularis has been associated with impaired 

empathic accuracy abilities (i.e., accurately identifying changes in emotional states from 

videos of naturalistic social interaction; Goodkind et al., 2011). Conversely, in relation to 

spatial processing, the pars opercularis has been associated with object imagery (Mazzard 

et al., 2005), and imagery of movement (Hétu et al., 2013). ALE identification of this 

region in association with spatial PT may therefore reflect individuals’ imagining of 

objects in the scene and themselves moving around the scene to arrive at the correct 

spatial point-of-view. 

In sum, the present analyses yielded no single instance in which meta-analytically 

derived neural correlates of spatial, cognitive, and affective PT overlapped with each 

other, indicating a lack of support for common mechanisms hypotheses. Although 

previous meta-analyses found evidence for common activation of cognitive and affective 

PT in the ventral attentional network (Decety & Laam, 2007; Krall et al., 2015), results of 

the present study did not show activation of spatial PT in any ventral attentional regions. 

However, regions of the dorsal attentional network derived from ALE meta-analytic 
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maps of attention switching studies overlapped to some extent with the neural correlates 

of each type of PT, offering some support for the potential role of top-down attentional 

control during PT in different domains.  

 

Substantial Support for Distinct Mechanisms for Spatial and Social PT 

In contrast to the sparse evidence found in favor of common mechanisms 

hypotheses, substantial support was found for distinct mechanisms hypotheses of PT. In 

particular, findings suggest a distinction wherein social PT has largely separate neural 

correlates from those of spatial PT, which overlapped much more substantially with 

attention switching. Meta-analytically derived clusters of cognitive and affective PT 

converged in large portions of the left TPJ, bilateral ATL, left precuneus, and left 

dmPFC. These regions have all been previously associated with mentalizing in cognitive 

and affective tasks (Schurz et al. 2014; 2021). However, none of these clusters 

overlapped with spatial PT in the conjunction analyses, even when only including level 2 

spatial PT tasks (see Table 4 & Figure 4). Conversely, spatial PT showed a large amount 

of overlap with attention switching in left posterior parietal cortex, left posterior SMG, 

left superior lateral occipital cortex, bilateral frontal eye fields, and left vlPFC (Table 4 

and Figure 4). Cognitive and affective PT did not show converging clusters in these 

regions.  

A previous meta-analysis of spatial PT and cognitive PT (false belief tasks) 

reported significantly overlapping clusters in bilateral precuneus, left TPJ (angular gyrus 

and posterior middle temporal gyrus) and left middle occipital gyrus that was not found 

in the current analysis (Schurz et al., 2013). There are several possible reasons for 
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differences in these results. First, the current analysis included not only false belief tasks, 

but several different tasks that involve cognitive PT (Table 2). Second, there were 

differences in the meta-analytic methods used. Schruz et al., (2013) used Effect-Size 

Signed Differential Mapping (ES-SDM) and the present analysis used ALE. ES-SDM 

includes both t-values and sample sizes in meta-analytic calculations, whereas the ALE 

uses only sample sizes (Radua et al., 2011). Thus, the meta-analytic method used in the 

present study may have had less sensitivity to pick-up on significant activations. 

However, as discussed below, the present meta-analysis included a considerably larger 

number of spatial PT studies, potentially adding more power to determine converging 

clusters within this domain and impacting conjunction analyses between domains.  

 

Limitations and Future Directions 

These results should be interpreted in the context of important limitations that 

come with meta-analytic approaches in general, and the analyses of this study in 

particular. Although the present ALE meta-analysis took into account variability of 

sample sizes from each study, variability of effect sizes of peaks from individual studies 

are not accounted for by an ALE approach. Additional ambiguity can be introduced by 

differences in image acquisition and analysis features of each individual study, such as 

scanning resolution, signal-to-noise ratio, and amount of spatial smoothing.  

There were also limits on the similarity of tasks and contrasts across domains that 

were available to be included in the present analysis. Just over half of the spatial PT 

studies used a 3PP > 1PP contrast, whereas only two to three studies in cognitive and 

affective domains used this contrast. However, one contrast which was used for just over 
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half of cognitive PT tasks in the present analysis was false belief > physical/factual 

judgement, and this contrast is likely comparable to that of 3PP > 1PP contrasts, as both 

conditions require the participant to reason about the same scenario from their own 

(physical/factual judgement) or another’s (false belief) point of view. Alternatively, other 

cognitive PT contrasts such as ToM > non-ToM do not differentiate between a first- and 

third-person perspective. Further, there are not many affective PT paradigms that 

explicitly ask participants to differentiate between first- and third-person affective states 

(Ford 1979). Despite being an important component of developmental theories of social 

PT, the distinction between first- and third- person social PT is not represented well in the 

neuroimaging literature. Future studies investigating the association or dissociation of 

spatial and social PT computations can benefit from using comparable contrasts across 

domains. 

The outcomes of the present analysis support the idea that spatial and social PT 

are subserved by mostly distinct functional neural correlates. This observation leaves 

several open questions as to why different types of PT emerge along a similar time course 

across development (Newcombe, 1989; Saxe, Carey, & Kanwisher, 2004; Shamay-

Tsoory, 2010), why clinical populations experience co-deficits of spatial and social PT 

abilities (e.g, Erle et al., 2018; Langdon et al., 2001; Pearson et al., 2013), and why 

covariance among spatial and social PT appears in several behavioral studies with 

neurotypical adults. One possibility may be due to lack of construct validity of PT tasks 

within each domain (Ford, 1979; Warnell & Redcay, 2019). That is, understanding 

between-domain associations is difficult if within-domain construct validity is not first 

established. Further, behavioral studies probing the association of spatial and social PT 
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have overwhelmingly relied on self-report questionnaires of cognitive and affective PT, 

whereas neuroimaging studies use task performance to measure these constructs. Given 

previous reports on the lack of association between self-reported and task-based social PT 

measures (Ickes, 1993; Murphy & Lilienfeld, 2019; Sunahara et al., 2022), further insight 

to the neural dissociation of spatial and social PT found in the present study may be 

found through behavioral studies which assess PT performance on psychometrically 

validated tasks. 

To conclude, the current meta-analysis contributed to an updated understanding of 

the neural correlates of spatial perspective taking (especially level 2), indicating a strong 

role for regions involved with spatial updating, spatial imagery, and working memory. 

Furthermore, the present study found that neural substrates which supported spatial PT 

overlapped a great deal with those that supported attention switching abilities, and these 

were largely distinct from those which supported cognitive and affective PT abilities. 

These findings align with distinct mechanisms accounts of PT in neurotypical adults. 

Future research should investigate the tenability of these conclusion through additional 

neuroimaging, psychometric, and behavioral studies. 
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CHAPTER 3 

EXPERIMENT 2: TESTING THE BEHAVIORAL ASSOCIATION OF SPATIAL, 

COGNITIVE, AND AFFECTIVE PERSPECTIVE TAKING. 

 

As reviewed in Chapter 1, there have been several previous experiments 

conducted with neurotypical adults that have found significant correlations of various 

sizes between spatial PT performance and self-reported empathy, social skills, and autism 

spectrum disorder symptomology (also see Appendix C). However, only three studies 

investigated the behavioral co-variance of spatial PT with performance on behavioral 

tasks purported to measure affective (Chiu & Yeh, 2018; Martin et al., 2019) or cognitive 

PT (Putko & Złotogórska -Suwińska, 2019). Putko and Złotogórska -Suwińska (2019) 

found a significant correlation (r = -.36) between reaction times on their novel level 2 

spatial PT task and scores on Strange Stories Task ( Happé, 1994), which is a widely used 

measure of cognitive PT that is also used in the present experiment. Importantly, the 

spatial PT task used in their experiment was new and no psychometric analyses were 

reported to indicate its construct validity. In addition, their spatial PT task had an agent in 

its stimuli, leaving open the question of whether Strange Stories Task performance would 

still be associated with spatial PT performance in a task without agents (e.g., Clements-

Stephens et al., 2013). Therefore, it is unclear from their experiment whether these results 

may be taken as definitive evidence in support of common mechanisms accounts. 

Two other behavioral studies (Chiu & Yeh, 2018; Martin et al., 2019) reported no 

significant correlations between spatial PT performance and accuracy on Reading the 

Mind in the Eyes Test (RMET; Baron-Cohen, Wheelwright, Hill, et al., 2001) nor 
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accuracy on the Multifaceted Empathy Test (MET; Dziobek et al., 2008). Notably, the 

validity of RMET as a PT measure has recently been scrutinized (Oakley et al., 2016; 

Warnell & Redcay, 2019) and some claim that RMET, MET, and similar emotion 

recognition tasks do not require mentalizing at all (Quesque & Rossetti, 2020). On the 

other hand, accuracy on a social-emotional cognition task was recently found to have a 

small significant correlation (r = -.24) with reaction times on a level 2 spatial PT task 

(Martin et al., 2019). Therefore, experiments of spatial and affective PT are also 

inconclusive in their support of common or distinct mechanisms accounts. 

The goal of Experiment 2 was to investigate the behavioral co-variance of spatial, 

cognitive, and affective PT in a single sample of neurotypical adults to adjudicate 

between common and distinct mechanisms accounts of PT. In addition, if behavioral co-

variance was found, Experiment 2 also aimed to investigate whether their association was 

due to superficial task features (i.e., spatiality or agency of stimuli) or shared attentional 

control processes. Some proponents of common mechanisms accounts propose that 

different types of PT are associated because they all require shifting of attention between 

competing spatial, cognitive, or affective representations (e.g., Sun & Wang, 2014). 

Therefore, common mechanisms account would predict that spatial, cognitive, and 

affective PT and attention should share behavioral co-variance, even among tasks with 

non-overlapping task features and when controlling for general reasoning abilities. 

Proponents of distinct mechanisms accounts propose that different types of PT rely on 

distinct cognitive processes and would predict that no behavioral associations should be 

found among PT tasks that do not share superficial task features. 
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Method 

Participants 

221 undergraduates at Temple University and adults in the surrounding area (139 

female; 71 male; 10 non-binary; 1 did not report gender) participated for partial course 

credit or a $30 gift card. The mean age was 19.48 (SD = 3.22 years) ranging from 17 to 

41 years. All participants had normal or corrected-to-normal vision and hearing. List-

wise deletion was used to address missing data. Six participants had missing data on one 

task or questionnaire in the behavioral battery and were removed from the dataset. 

Thirteen participants failed comprehension checks of at least one task and/or two or more 

comprehension check items in questionnaires and were also removed from the dataset. 

Univariate and multivariate outlier analyses were also conducted. Seven participants were 

identified as univariate outliers as they had a mean score on at least one task that was 

three or greater standard deviations from the sample mean. Two multivariate outliers 

were also identified based on Mahalanobis distance (p < .001 for the χ2 value). In total, 

nine outliers were removed from the dataset. The final sample contained 193 participants 

(120 female; 63 male; 10 non-binary) with a mean age of 19.44 years (SD = 3.07 years). 

 

Procedure 

The study session took approximately two hours, and the protocol was approved 

by Temple University’s Institutional Review Board. After providing their informed 

consent, participants were randomly assigned to one of two testing computers in the 

experimental testing room and to one of 10 possible testing orders (see Table 5). Testing 

orders were used to minimize order and fatigue effects. Each testing order was arranged   



 

Table 5 

Orders of behavioral experiment measures 

Position 1 2 3 4 5 6 7 8 9 10 

Order 

Number           

1 Survey 1 SOT EAT Director Survey 2 PTT-A Stories MaRs Yoni ANT 

2 ANT Yoni MaRs Stories PTT-A Survey 2 Director EAT SOT Survey 1 

3 Director Survey1 SOT EAT ANT Stories Yoni PTT-A Survey 2 MaRs 

4 MaRs Survey 2 PTT-A Yoni Stories ANT EAT SOT Survey 1 Director 

5 PTT-A Stories ANT Survey 1 SOT Survey 2 Director EAT MaRs Yoni 

6 Yoni MaRs EAT Director Survey 2 SOT Survey 1 ANT Stories PTT-A 

7 EAT Director ANT Stories SOT Survey 1 PTT-A MaRs Yoni Survey 2 

8 Survey 2 Yoni MaRs PTT-A Survey 1 SOT Stories ANT Director EAT 

9 SOT EAT Director ANT Survey 1 Yoni MaRs Survey 2 PTT-A Stories 

10 Stories PTT-A Survey 2 MaRs Yoni Survey 1 ANT Director EAT SOT 

Note. Survey 1 consisted of two questionnaires in a fixed order: 1) Demographics, 2) Autism Quotient. Survey 2 consisted of 

four questionnaires in a fixed order: 1) Object Spatial Imagery Questionnaire - Spatial Relations subscale, 2) Questionnaire of 

Cognitive and Affective Empathy - Cognitive Empathy subscales, 3) The Mentalization Scale - Other-Related Mentalization 

subscale, 4) PROMIS Short Form v1.0 – Depression 8b. ANT = Attentional Network Test; Director = Director Task; MaRs = 

Matrix Reasoning Task; PTT-A = Perspective Taking Task for Adults; EAT = Empathic Accuracy Task; SOT = Spatial 

Orientation Task; Stories = Strange Stories Task.  



 

such that perspective-taking tasks of the same domain did not directly follow one another, 

and each task was either first or last in the behavioral testing battery exactly once. 

Questionnaires were administered across two surveys built in Qualtrics based on the 

number of items in each questionnaire, such that each survey had approximately 60 

items. The order of questionnaires within each of the two surveys was fixed, but the order 

in which each survey was administered during the testing session varied according to 

Table 5. All measures were administered on a Windows 64-bit computer with an LCD 

monitor display. Up to two participants were tested at once in the testing room. Testing 

computers were on opposite sides of the same wall of the testing room with a separator in 

between, and participants wore headphones during the experiment so that any tasks that 

contained an audio stimulus did not disrupt the testing session for either participant. At 

the end of the experimental session, all participants were given a referral sheet with 

contact information for local mental health resources. 

 

Materials 

 

Perspective Taking Tasks. Two tasks were selected to measure perspective 

taking in each domain. In the spatial domain, one task contained an agent (i.e., 

Perspective Taking Task for Adults) and the other did not (i.e., Spatial Orientation Task). 

Similarly, one cognitive PT (i.e., Director Task) and one affective PT (i.e., Yoni) task 

contained stimuli with more spatial features, and the remaining cognitive (i.e., Strange 

Stories) and affective PT (i.e., Empathic Accuracy Task) tasks contained stimuli with 

fewer spatial features. 
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Spatial Orientation Task (SOT). SOT (Friedman et al., 2020) was used as a 

measure of spatial PT. The task displayed a configuration of two-dimensional objects on 

the left side of the screen and a response circle on the right. At the start of each trial, 

participants were asked to imagine they were standing at one object and facing a second 

object. Their imagined position was represented by a dot in the center of a response 

circle, and their imagined line of sight by a solid arrow pointing upwards. They were then 

asked to imagine pointing towards a third object and to drag the arrow in the response 

circle to indicate their imagined pointing direction. Participants completed four practice 

items followed by 12 test items in a random order. The angular error between the correct 

response and the participant’s response was measured for each trial. Participants were 

allotted 5 minutes to complete the task. Participants received an angular error score of 90 

degrees for each item that was not answered in the allotted time. The total score was 

equal to the average angular error across all trials.  

 

Perspective Taking Task for Adults (PTT-A). PTT-A (Brucato et al., 2022) was 

used as another measure of spatial PT. Participants saw an image of a three-dimensional 

figurine taking a photograph of an arrangement of three different-colored three-

dimensional objects. Eight different perspectives of the arrangement were simultaneously 

provided below this image, and participants were asked to determine which one looked 

like the picture the figurine could have taken from where it was standing. There were 

three practice items followed by 32 test items that were presented in a fixed quasi-random 

order. Participants were allotted 3 minutes to complete all test items. Four additional 
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items, in which the perspectives of the figurine and participant were the same were used 

as comprehension checks for attentive responding, such that incorrect responses to two or 

more 1PP items resulted in exclusion from the analysis. The total score was the number 

of correctly answered items per minute, excluding 1PP items.  

 

Empathic Accuracy Task (EAT). EAT (Mackes et al., 2018) was used as a 

measure of affective PT. Videos of individuals (targets) recounting emotional 

autobiographical events and those targets’ emotional intensity ratings during each 

recollection were acquired from the Free Emotional Event Library (Mackes et al., 2018). 

Six video clips were presented to each participant: 2 happy, 2 sad, and 2 angry. One 

video of each emotion had a male target and the other had a female target. Video clip 

presentation was counterbalanced using a balanced Latin square design. One of the six 

counterbalanced video clip orders was randomly assigned to each participant. While 

watching each clip, participants were asked to continuously rate the emotional intensity 

of the target on a 9-point scale (from 1, ‘no emotion’ to 9, ‘very strong emotion’) using 

the keyboard. After each clip finished, participants were asked to select (1) which 

emotion the target felt most strongly (options of “happy”, “angry”, “surprised”, “sad”, 

“frightened” and “no emotion”), and (2) which emotion they themselves felt most 

strongly. The analysis outlined in Mackes et al., (2018) was followed to derive empathic 

accuracy scores for each participant. First, ratings for each video were separated into 2-

second bins and one time-weighted average rating was calculated for each bin. Next, 

Pearson’s correlation coefficients were calculated for the association between 

participants’ and targets’ ratings. The resulting Pearson's correlation coefficient for each 
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video clip and each participant was then r-to-Z transformed to allow comparison between 

correlation coefficients.  

 

Yoni Task. Yoni (Shamay-Tsoory et al., 2007) was also used to measure affective 

PT. There were 98 test trials that showed a cartoon outline of a face (named “Yoni”) 

surrounded by four pictures in each corner of the computer screen of objects belonging to 

a single category (e.g., fruits, chairs) or faces. Participants were asked to click on the 

correct image to which Yoni is referring as quickly and accurately as possible. The 

stimuli contained two types of cues that participants could use to make their responses: 

verbal only (i.e., a sentence that appeared at the top of the screen) or verbal cue with eye 

gaze. On each trial, Yoni’s eyes looked at the correct answer (55 trials), straight ahead 

(32 trials), or at a misleading answer (11 trials). There were 3 main trial types: cognitive, 

affective, and physical. The cognitive and the affective trials involved mental state 

inferences whereas physical trials required a choice based on a physical attribute of the 

character. In addition, each trial type had two levels of difficulty: first order and second 

order. In first order trials, participants were only required to understand Yoni’s mental 

state (e.g., “Yoni loves <blank>”), whereas second order trials required understanding the 

interaction between Yoni’s mental state and each of the four characters around him (e.g., 

“Yoni loves the animal that <blank> loves”). Accuracy of affective trials were summed 

to get an affective PT score ranging from 0 to 48. 

 

Strange Stories Task. The revised Strange Stories task (White et al., 2009) was 

used to measure cognitive PT. During each trial, a short story or a series of unlinked 



85 

sentences appeared on the screen. After reading the text, participants pressed the space 

bar to receive a question. On mental state trials participants were asked a question that 

required them to reason about the mental state of characters in a short story, and on 

unlinked sentences trials participants were asked to report a fact from one of the unlinked 

sentences. There were 8 mental state trials and 8 unlinked sentences trials, presented in a 

randomized order. Participants were instructed to wait until they thought of the correct 

answer and then to press the space bar to advance. They could then type their response 

into a text box on the screen and hit the “Enter” key to advance to the next trial. Reaction 

time was recorded during the think period for each trial. Typed responses to each answer 

were then coded for accuracy by myself and another rater on a scale of 0 to 2 based on 

the scoring paradigm from White et al., (2009). Following White and colleagues’ 

protocol, 20% of the scores selected randomly for each story were used in an intraclass 

correlation analysis to determine level of agreement between raters, and good agreement 

was reached (intraclass correlation coefficient = .83). Participants who scored less than 

50% on the unlinked sentences stories were removed from the analysis. Accuracy on 

mental state story trials were summed for a cognitive PT score ranging from 0 to 16.  

 

Director Task. The Director Task (Dumontheil et al., 2010) was also used to 

measure cognitive PT. The stimuli showed shelves (4 slots high and 4 slots wide) with a 

director standing behind them. Eight objects (some were different types of the same kind 

of object: e.g., golf ball, tennis ball, basketball) were shown in slots of the shelves, and 5 

slots were occluded such that the participant but not the director could see their contents. 

The participant was asked to follow the instructions given by the director. For each trial, 
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the director instructed the participant to move one of the eight objects by one slot (up, 

down, left, or right). Using a computer mouse, participants were required to click on the 

object they thought the director was referring to and to drag it into the appropriate slot on 

the shelves. Participants were given 3.6 seconds to make their response after each 

instruction. Before starting the task, the researcher explained the task to the participant 

(see Appendix B) and showed them an example of the director’s point-of-view behind the 

shelf. They also pointed out an example of an occluded slot and explained that the 

director could not see the object from his point of view.  

There was one practice block followed by 16 test blocks, each made up of 3 trials. 

There were three types of trials. On filler trials, director’s instructions only referred to 

objects in non-occluded slots (i.e., visible to both director and participant). There were 2 

filler trials per block and the third trial was either an experimental or a control trial. On 

experimental trials, the director instructed participants to move an object for which there 

were several types of the same kind on the shelves and one of them was in an occluded 

slot. For example, on one experimental trial there were three balls of different sizes in 

different slots on the shelves, two of which were visible to the director. The director 

instructed participants to “move the small ball up.” The smallest ball of the three was in 

an occluded slot of the shelves, so the participant was required to consider the director’s 

perspective and move the smallest ball the director could see, rather than the smallest ball 

the participant themselves could see. Each experimental trial had a matched control trial 

in a different block wherein the objects on the shelves were identical to the experimental 

trial except that there was no longer an object of the same type in the occluded slot, 

making it irrelevant instead of a distractor. The order of the 32 filler, 8 control and 8 
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experimental trials was counterbalanced between participants. A participant was removed 

from the analysis if they did not attempt a response on any experimental trials. Total 

scores were the mean accuracy across all eight experimental trials.  

 

Attention and Reasoning Tasks.  

Attentional Network Test (ANT). The ANT (Fan et al., 2002) was used to 

measure attentional control. It displayed a black fixation cross in the middle of a grey 

screen. For each trial, there was an initial fixation period for 400-1600ms followed by a 

warning cue that was presented for 100ms. There were 4 possible kinds of warning cues: 

(1) an asterisk in place of the fixation cross, (2) two asterisks—one on the top and one on 

the bottom of the fixation cross, (3) one asterisk above the fixation cross, and (4) one 

asterisk below the fixation cross. The first two types of warning cues did not give 

information about the location of an upcoming target, whereas the latter two types of 

warning cues indicated the location of the upcoming target (above or below the fixation 

cross respectively). The target was a black arrow pointing left or right that appeared 

either above or below the fixation cross. The target was flanked on both sides by two 

arrows in the same direction (congruent condition), in the opposite direction (incongruent 

condition), or by lines (neutral condition). Participants were asked to indicate the 

direction of the centrally presented target arrow by pressing the “z” key with their left 

index finger for the left direction and “m” key with their right index finger for the right 

direction. They were also asked to respond as quickly and accurately as possible. There 

were two blocks of 12 practice trials with feedback for accuracy. The first practice block 

did not have cueing, and the second practice block did have cueing. After the practice, 
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participants completed 4 test blocks of 48 task trials: 12 without cueing, 12 with dual 

asterisk cue, 12 with central asterisk cue, 12 with one asterisk. Participants were also 

given the option to take a short break halfway through the task after two blocks. 

Accuracy and reaction time (RT) data were collected from each block. Participants who 

got less than 50% accuracy on 2 or more blocks were excluded from the analysis. Outlier 

detection for RTs was first conducted within participants, such that trial RTs falling two 

standard deviations above or below the participant’s mean RT were excluded. This 

method of outlier detection produces very low bias to significance testing (Berger & 

Kiefer, 2021). Indexes for attentional orienting and executive attention were calculated 

according to Fan et al., (2002): attentional orienting effect is (mean RT on trials with 

center cue) – (mean RT on trials spatial cue), and executive attention effect in is (mean 

RT on trials with incongruent flanker) – (mean RT on trials with congruent flanker).  

 

Matrix Reasoning Task (MaRs). The color-blind friendly version of MaRs task 

(Chierchia et al., 2019) was used as a control measure of general reasoning ability. The 

task showed a 3 x 3 matrix on a screen the computer screen. Eight of the nine cells 

contained a colored abstract shape, and the bottom right cell of the matrix was empty. 

Participants were asked to complete the matrix by choosing one of 4 shape options 

displayed on the bottom of the screen. The shape characteristics varied in shape, color, 

size, and location. Each trial began with a 500ms fixation cross, followed by a 100ms 

white screen and participants had a time limit of 30s to complete each trial. A time 

warning was given 25s after the matrix was presented to indicate 5s remained in the trial. 

There were 3 easy practice trials followed by 8 minutes of test items presented in a fixed 
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order. All items in practice and test had feedback on accuracy. There were 80 possible 

items in the whole set, but participants were not required nor expected to complete all 

items in the allotted time. If a participant completed 80 items before the testing time 

limit, the items were presented again in the same order until 8 minutes was reached, but 

responses for repeated items were not analyzed. Total MaRs score was the number of 

correctly completed items per minute.  

 

Self-Report Questionnaires. 

 

The Object-Spatial Imagery Questionnaire (OSIQ). The OSIQ (Blajenkova et 

al., 2006) is a 30-item questionnaire with 2 subscales which assess individual differences 

in visual imagery preferences and experiences for (1) objects and (2) spatial relations. 

Representing and processing spatial relations and transformations among objects are two 

important skills for spatial PT (Kozhevnikov & Hegarty, 2001). Thus, the present study 

administered the 15 items of the spatial relations subscale as a measure of self-reported 

spatial PT. Participants were asked to read each statement and rate how strongly they 

agree or disagree on a 5-point scale (“totally disagree” to “totally agree”). Total scores 

were found by averaging across the 15 items of the spatial subscale and therefore could 

range from 1 to 5. Higher scores indicated greater preference and experience for spatial-

relational imagery.  

 

Questionnaire of Cognitive and Affective Empathy (QCAE). The QCAE 

(Reniers et al., 2011) is a 31-item questionnaire composed of items from four previously 
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validated empathy questionnaires (Baron-Cohen & Wheelwright, 2004; Davis, 1983; 

Eysenck & Eysenck, 1978; Hogan, 1969). It has two subscales that measure cognitive 

empathy and three subscales that measure affective empathy. The authors define 

cognitive empathy as comprehension of other people’s experience which requires 

representing, holding, and manipulating information in mind, whereas affective empathy 

is “the ability to vicariously experience the emotional experience of others” (Reniers et 

al., 2011). Thus, the two subscales that made up the cognitive empathy facet were used, 

as this is the construct of most relevance to the present study. The two subscales were 

perspective taking and online simulation, and they contained 10 and 9 items respectively. 

Participants were asked to read each statement and indicate their agreement or 

disagreement on a 4-point scale (“strongly disagree” to “strongly agree”). Ratings for 

each item were summed for each subscale to get subscale scores. Total QCAE cognitive 

empathy score was found by summing the perspective taking and online simulation 

subscales. Thus, total scores could range from 19 to 76, with higher scores indicating 

greater self-reported affective PT.  

 

The Mentalization Scale (MentS). The MentS (Dimitrijević et al., 2018) is a 28-

item questionnaire with 3 subscales: self-related mentalization (MentS-S), other-related 

mentalization (MentS-O), and motivation to mentalize (MentS-M). In the present study, 

the 10-item MentS-O subscale was used as a self-report indicator of cognitive PT. 

Participants were asked to read each of 10 the statements and rate how correct each 

statement was about themselves on a 5-point scale (“completely incorrect” to 
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“completely correct”). The total score of the MentS-O could range from 10 to 50 and a 

higher score indicates better ability to mentalize about others.  

 

The Autism-Spectrum Quotient (AQ). The AQ (Baron-Cohen, Wheelwright, 

Skinner, et al., 2001) is a 50-item questionnaire with 10 questions for each of 5 subscales: 

social skill (AQ-Soc), attention switching (AQ-AS) , attention to detail (AQ-AD), 

communication (AQ-Com), and imagination (AQ-I). Participants are asked to read each 

statement and choose the response that most strongly applies to them as quickly as 

possible. Response options were on a 4-point scale ( “definitely agree” to “definitely 

disagree”). Each item is scored 1 point if the respondent records the abnormal or autistic-

like behavior either mildly or strongly. Total scores ranged from 0 to 10 for each subscale 

and 0 to 50 for the total score. Higher scores are associated with greater ASD traits.  

 

Patient-Reported Outcomes Measurement Information System (PROMIS). The 

PROMIS Short Form v1.0 – Depression 8b (Pilkonis et al., 2014) contains 8 items that 

assess self-reported major depressive disorder symptomology. Each item expresses a 

mood or cognitive indicator of depression (e.g., “I felt hopeless”). Participants indicate 

the frequency they experienced each indicator on a 5-point scale (“never” to “always”), 

within the past 7 days. The sum of responses on all items is converted to a T-score with a 

mean of 50 and a standard deviation of 10. In the PROMIS scoring system, scores higher 

than 50 indicate more depressive symptoms than average and below 50 indicates fewer 

depressive symptoms than average. PROMIS is not intended to be used as a diagnostic 

tool but is a valid and reliable assessment of depressive symptoms. 
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Results 

All results reported below reflect analyses conducted on accuracy of PT and 

reasoning tasks, and reaction time indexes of attention. Descriptive statistics of all 

measures are listed in Table 6. Pearson’s correlations among all measures are listed in 

Table 9. Seven participants in the sample exceeded the clinical threshold (a score of 32 or 

greater; Baron-Cohen et al., 2001) on the Autism Quotient (3 male, 2 female, 2 non-

binary). Eleven participants (3 male, 7 female, 1 non-binary) were within the clinical 

threshold for moderately severe depression (a T-score of 65 -70; Kroenke et al., 2020) 

based on responses to the PROMIS depression short form, and seven participants (3 

male, 4 female) surpassed the clinical threshold for severe depression (a T-score greater 

than 70; Kroenke et al., 2020). 

 

Gender Differences in Performance 

 Group differences in performance by self-reported gender were investigated only 

for male and female participants, as there were an insufficient number of non-binary 

participants (n=10) to include for comparison. Descriptive statistics for male and female 

participants are shown in Table 7. Mean differences for all measures and results of 

independent samples t-tests between genders are presented in Table 8. Males significantly 

outperformed females on the two behavioral and one self-report measure of spatial PT (ps 

<0.001) and the effect of gender was medium to large (see Table 8). Male participants 

also had significantly higher accuracy on the Director Task than female participants, and 

the effect size was small (d = -0.33; c.f. Table 8). Conversely, female participants had 
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higher ANT orienting indices than males, and the effect size was also small (d = 0.32). 

There were no significant gender differences on any other measures.  

 

Comparison of Performance on Control and Experimental Trials 

For tasks which provided a control condition, performance between experimental 

and control trials was compared. First, PTT-A performance was assessed to determine if 

participants were quicker to respond to trials with 0° angular disparity (first-person 

perspective control trials) than those with 45°, 90°, 135°, and 180° angular disparities, 

including only trials for which a correct response was chosen. Paired samples t-tests 

indicated that mean reaction time for correct 0° angular disparity trials (M = 8.66s, SD= 

3.24s) was faster than mean reaction times for correct trials of each other angular 

disparity (Ms > 10.8s; ps < .01; see Appendix B, Figure 1B and Table 1B). 

Accuracy on Yoni physical trials was compared with accuracy on Yoni affective 

PT trials. Notably, fifteen participants scored at chance level or lower on Yoni physical 

accuracy trials but were not identified as outliers and did not fail any other 

comprehension checks in the experimental battery. Therefore, these participants were not   

included in any analyses which involved Yoni task but were retained in the dataset for 

inclusion in other analyses. Participants who passed the Yoni physical trials were



 

Table 6 

Descriptive statistics for all behavioral and self-report measures 

Measure n Mean SD Min. Max. Skew 

ANT - Orienting Index 193 30.69 22.74 -47.71 107.56 0.10 

ANT - Executing Index 193 56.11 24.45 -23.08 128.74 -0.07 

MaRs – Number of Correct Items Per Minute 193 3.29 0.70 1.75 5.25 0.34 

SOT - Average Angular Error 193 43.18 25.18 6.67 113.08 0.52 

PTT-A - Number of Correct Items Per Minute 193 3.95 1.44 0.67 9.00 0.41 

Strange Stories -  Mental State Stories Score 193 12.31 2.41 3.00 16.00 -0.72 

Director Task - Mean Experimental Accuracy 193 0.46 0.35 0.00 1.00 0.26 

EAT - Z-Scored Empathic Accuracy 193 0.91 0.22 0.13 1.41 -0.50 

Yoni - Number of Correct Affective Trials 178 41.75 4.85 24.00 48.00 -1.11 

OSIQ - Spatial Subscale 193 2.48 0.58 1.07 3.93 0.15 

QCAE - Cognitive Empathy Subscale 193 59.24 7.86 34.00 74.00 -0.53 

MentS - Other-Related Mentalization Subscale 193 40.39 4.02 26.00 50.00 -0.49 

Autism Quotient - Total Score 193 20.03 5.57 9.00 38.00 0.49 

PROMIS - Depression T Score 193 49.97 10.01 33.09 78.82 0.46 

Note. ANT = Attentional Network Test; MaRs = Matrix Reasoning; SOT = Spatial Orientation Test; PTT-A = Perspective 

Taking Task for Adults; EAT = Empathic Accuracy Task; OSIQ = Object Spatial Imagery Questionnaire; QCAE = 

Questionnaire of Cognitive and Affective Empathy; MentS = Mentalization Scale; PROMIS = Patient-Reported Outcomes 

Measurement Information System, Depression. 
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Table 7 

Descriptive statistics by self-reported gender 

Note. ANT = Attentional Network Test; MaRs = Matrix Reasoning; SOT = Spatial Orientation Test; PTT-A = Perspective 

Taking Task for Adults; EAT = Empathic Accuracy Task; OSIQ = Object Spatial Imagery Questionnaire; QCAE = 

Questionnaire of Cognitive and Affective Empathy; MentS = Mentalization Scale; PROMIS = Patient-Reported Outcomes 

Measurement Information System, Depression.

  Female   Male 

Measure n M SD Min. Max.  n M SD Min. Max. 

ANT - Orienting index 120 33.23 22.97 -30.52 107.56  63 25.97 21.82 -47.71 74.11 

ANT - Executing index 120 54.70 25.95 -23.08 114.88  63 59.36 19.65 15.72 128.74 

MaRs – correct items per min. 120 3.29 0.66 1.75 5.25  63 3.27 0.76 2.00 5.00 

SOT - average angular error 120 50.22 23.88 7.42 108.33  63 30.84 23.44 6.67 113.08 

PTT-A - correct items per min. 120 3.60 1.33 0.67 8.00  63 4.60 1.42 1.33 9.00 

Strange Stories -  score 120 12.25 2.45 3.00 16.00  63 12.32 2.38 6.00 16.00 

Director Task - accuracy 120 0.42 0.32 0.00 1.00  63 0.53 0.38 0.00 1.00 

EAT - Empathic accuracy 120 0.90 0.23 0.13 1.36  63 0.93 0.20 0.34 1.41 

Yoni - correct affective trials 110 41.75 4.21 29.00 48.00  59 41.56 5.97 24.00 48.00 

OSIQ – Spatial 120 2.30 0.53 1.07 3.93  63 2.86 0.51 1.80 3.87 

QCAE - Cognitive Empathy 120 59.70 7.56 34.00 74.00  63 58.46 8.44 39.00 73.00 

MentS – Others 120 40.62 3.79 29.00 49.00  63 39.79 4.31 26.00 49.00 

Autism Quotient - Total Score 120 19.63 5.60 9.00 38.00  63 20.44 5.26 11.00 37.00 

PROMIS - Depression T Score 120 50.61 9.91 33.09 78.82   63 48.86 10.29 34.52 75.96 
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Table 8 

Group differences by self-reported gender 

Measure 

Mean 

difference df p 

Cohen’s 

d 

Confidence 

Interval 

ANT - Orienting Index 7.26 181 0.04 0.32 [0.02, 0.63] 

ANT - Executing Index -4.66 181 0.21   
MaRs – Correct Items Per Minute 0.02 181 0.87   
SOT - Average Angular Error 19.38 181 <0.001 0.82 [0.50, 1.14] 

PTT-A - Correct Items Per Minute -1.00 181 <0.001 -0.74 [-1.05, -0.43] 

Strange Stories -  Score -0.07 181 0.86   
Director Task - Accuracy -0.11 181 0.04 -0.33 [-0.64, -0.02] 

EAT - Empathic Accuracy -0.03 181 0.25   
Yoni - Correct Affective Trials 0.19 167 0.52   
OSIQ - Spatial -0.56 181 <0.001 -1.09 [-1.41, -0.76] 

QCAE - Cognitive Empathy 1.24 181 0.31   
MentS - Others 0.83 181 0.18   
Autism Quotient - Total Score -0.81 181 0.34   
PROMIS - Depression T Score 2.01 181 0.26     

Note. Degrees of freedom and p-values are reported for independent samples t-tests comparing performance of each measure 

between male and female participants. Significant differences are accompanied by Cohen’s d effect size and a 95% confidence 

interval. Mean difference = mean female score – mean male score.  

 



 

significantly more accurate on physical (M = 0.92, SD = 0.11) than affective PT trials (M 

= 0.87, SD = 0.10) according to a paired-samples t-test, t(177) = 5.30, p < .001. 

Responses were also faster for physical (M = 2616.03ms, SD = 690.44ms) trials than for 

affective PT trials (M = 3728.51ms, SD = 981.45ms), t(177) = -22.22, p < .001. 

Mean score of mental state stories and unlinked sentences trials were compared 

for Strange Stories task. A paired samples t-test indicated that participants scored 

significantly higher on unlinked sentences trials (M = 1.94, SD = 0.13) than on mental 

state stories trials (M = 1.54,  SD = 0.30), t(192) = 17.23, p < .001. 

To compare the effect of trial type (i.e., filler, control, and experimental) on 

accuracy for the Director Task, a one way within-subjects ANOVA test was used. There 

was a significant effect of trial type on accuracy, F(2, 220) = 330.68, p < 0.0001, η2(g) = 

0.52. Post hoc pairwise comparisons indicated that all pairwise comparisons were 

significant. Mean accuracy for experimental trials (M = 0.46, SD = 0.35) was 

significantly lower than mean accuracy for filler trials (M = 0.95, SD = 0.04; t(192) = -

19.4, p < .001) and mean accuracy for control trials (M = 0.90, SD = 0.10; t(192) = -17.4, 

p < .001). In addition, participants were significantly more accurate on filler than control 

trials, t(192) = 6.4, p < .001 (see also Appendix B, Figure 2B). 

 

Convergent Validity of Perspective Taking Within Domains 

Convergent validity within perspective-taking domains was investigated by 

conducting Pearson’s correlations between each task and self-report measure within each 

domain (see Table 9). Spatial PT tasks had a high significant correlation with each other 

(r = -.5, p < .001) and both were correlated with the OSIQ self-report measure of spatial 
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PT (ps < .001). Cognitive PT tasks had a small significant correlation with each other (r = 

.02, p = .04), but neither correlated with the MentS self-report subscale for other-related 

mentalization (ps < .05). Finally, affective PT tasks were not significantly correlated with 

each other, nor was either task correlated with the QCAE self-report subscale for 

cognitive empathy (ps > .05).  

 

Association of Perspective Taking Between Domains 

Pearson’s correlations of cognitive PT (Strange Stories, mean mental state stories 

score; Director Task, mean accuracy on experimental trials) and affective PT (EAT, z-

scored mean empathic accuracy; Yoni, number of correct affective trials) tasks resulted in 

no significant correlations between the two domains (see Table 9). Conversely, self-

report measures of cognitive PT (MentS, mentalizing about others subscale) and affective 

PT (QCAE, cognitive empathy subscale) were strongly correlated, even after removing 

the effect of MaRs (r = 0.7, p < .001). The MentS and QCAE were not correlated with 

cognitive nor affective PT tasks. 

Pearson’s correlations of cognitive and spatial PT (SOT angular error; PTT-A 

number of correct items per minute) tasks indicated no significant associations between 

domains (see Table 9). There was a small significant correlation between mean accuracy 

on Director Task and self-reported spatial PT as assessed by the OSIQ spatial subscale (r 

= 0.3, p <.001). The correlation between Director Task and OSIQ remained significant 

after removing the effect of MaRs (number of correct items per minute; r = 0.25, p <.01). 

No significant correlations were found between reaction time on PTT-A and cognitive PT 

tasks (see Appendix B).  
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Pearson’s correlations of affective and spatial PT tasks resulted in two small 

significant correlations between SOT angular error and performance on both affective PT 

tasks (see Figure 5). The correlation between SOT and EAT z-scored mean empathic 

accuracy remained significant after controlling for MaRs (r = -0.26, p < 0.01), as did the 

correlation between SOT and the number of correct affective trials on Yoni ( r = -0.18 p 

= .01).  The number of correct items per minute on PTT-A task was not significantly 

correlated with performance on Yoni nor EAT. QCAE was modestly correlated with 

OSIQ, and the small correlation remained after controlling for MaRs (r =.19, p = 0.009). 

 

 

Figure 5 

Scatter plots of SOT angular error by accuracy on affective PT tasks 

 

Note. A) Scatter plot includes data from 193 participants. B) Scatter plot includes data 

from 178 participants. EAT = Empathic Accuracy Task, SOT = Spatial Orientation Task.  



 

Table 9 

Results of Pearson’s correlations between all measures 

Note. n= 178 for correlations with Yoni. n = 193 for all other correlations. ANT = Attentional Network Test; MaRs = Matrix 

Reasoning; SOT = Spatial Orientation Test; PTT-A = Perspective Taking Task for Adults; EAT = Empathic Accuracy Task; 

OSIQ = Object Spatial Imagery Questionnaire; QCAE = Questionnaire of Cognitive and Affective Empathy; MentS = 

Mentalization Scale; PROMIS = Patient-Reported Outcomes Measurement Information System, Depression.  

** p <.001, * p <.05. 

Measure 1 2 3 4 5 6 7 8 9 10 11 12 13 

1 SOT (error) ---             
2 PTT-A -0.5** ---            
3 OSIQ -0.3** 0.4** ---           
4 Director -0.1 0.1 0.3** ---          
5 Stories -0.1 0.0 0.0 0.2* ---         
6 MentS 0.0 0.0 0.1 0.1 -0.1 ---        
7 EAT -0.3** 0.1 0.1 0.0 0.0 0.0 ---       
8 Yoni -0.2* 0.1 0.0 0.0 0.0 0.1 0.0 ---      
9 QCAE 0.0 0.0 0.2** 0.0 0.0 0.7** 0.0 0.1 ---     

10 Orienting 0.0 -0.1 0.0 0.1 0.1 0.1 0.1 0.1 0.2* ---    
11 Executing 0.0 0.0 0.1 0.0 -0.1 0.1 0.2* 0.0 0.0 -0.1 ---   
12 MaRs -0.1 0.3** 0.1 -0.1 0.1 0.0 0.1 0.1 -0.1 0.0 -0.1 ---  
13 AQ 0.0 0.1 -0.1 0.0 -0.1 -0.2** -0.1 0.0 -0.3** 0.0 -0.1 -0.1 --- 

14 PROMIS 0.1 0.0 0.0 0.0 0.0 -0.1 -0.1 0.0 -0.1 -0.2** 0.0 0.0 0.3** 



 

Further investigation indicated that the partial correlation of OSIQ with QCAE, removing 

the effect of MaRs was only significant for items in the QCAE perspective-taking 

subscale (r =.19, p = 0.01), but not for items in the QCAE online simulation subscale (r 

=.12, p = 0.09). 

 

Association of Perspective Taking with Attention 

The ANT executing index had a small significant correlation with EAT z-scored 

mean empathic accuracy (r = 0.2, p <.05). No other significant correlations were found 

between ANT executing index and any other PT measure. ANT orienting index had a 

small significant correlation with the QCAE self-report measure of affective PT (r = 0.2, 

p <.05). No other significant correlations were found between ANT orienting index and 

any other PT measures in the experiment. ANT executing and orienting indices were not 

significantly correlated with each other, which is in alignment with original reports from 

this paradigm (Fan et al., 2002). 

 

Discussion 

The first aim of the present study was to test the behavioral co-variance of spatial, 

cognitive, and affective PT in neurotypical adults to adjudicate between common and 

distinct mechanisms accounts of PT. We conducted pairwise correlations between PT 

measures of each domain, controlling for general intelligence. Results showed no 

significant correlations between spatial and cognitive PT tasks, and very small significant 

correlations between one spatial PT task (i.e., PTT-A) and both affective PT tasks; 

however, affective PT tasks were not correlated with each other. An additional aim of the 
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present study was to assess if attentional control or task stimulus features explained 

behavioral co-variance of PT tasks. Attentional orienting was correlated with only one PT 

task (i.e., EAT) and executing was not significantly correlated with any PT tasks. The 

potential contribution of stimulus task features to the correlation of PTT-A and affective 

PT tasks are considered below. Together, results indicate a large lack of convergent 

validity within cognitive and affective PT domains, and the most support was found for 

distinct mechanisms accounts of between-domain PT abilities. 

 

The Need for Convergent Validity Within Cognitive and Affective PT Domains 

Before conclusions can be made about whether different types of PT rely on 

common cognitive processes, it is necessary to establish robust convergent validity for 

measures of PT within each domain. Although the present study was not a psychometric 

one, it did offer the opportunity to probe the convergent validity of PT measures in 

spatial, cognitive, and affective domains. Convergent validity was highest among 

measures of spatial PT, extremely minimal among measures of cognitive PT, and no 

convergent validity was found among affective PT measures in the present experiment. 

In the present study, Director Task and Strange Stories Task were sparsely 

correlated after controlling for general reasoning abilities. Relatedly, the Director Task 

has recently been found to have a similarly weak correlation with another cognitive PT 

task called the Short Stories Questionnaire which has a similar design to Strange Stories 

task (Navarro, 2021). Debates regarding the underlying cognitive processes that support 

successful responses on Director Task may be helpful in understanding its weak 

convergent validity with Strange Stories Task. Although Director Task is commonly 
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conceptualized as a measure of theory of mind (e.g., Apperly et al., 2010; Dumontheil et 

al., 2010; Keysar et al., 2003; Symeonidou et al., 2016), some researchers have suggested 

that successful performance on the Director Task can be explained by selective attention 

(Rubio-Fernández, 2017) or “object-centered spatial coding” (Santiesteban et al., 2015). 

That is, participants may be able to efficiently solve this task by a) ignoring all objects in 

occluded slots of the shelves, or b) using a level 1 spatial PT strategy (i.e., tracing the line 

of sight of the director to predict whether or not he knows there is an object of a certain 

size on the shelves). On the other hand, Strange Stories Task does not offer these 

alternative strategies, and therefore requires participants to imagine the thoughts and 

beliefs of protagonists to make an accurate response. 

In addition, the Empathic Accuracy Task (EAT) was completely uncorrelated 

with the affective Yoni task in the present experiment. Prior research has found that 

patients with schizophrenia, who are thought to have deficits in affective PT abilities 

(Derntl et al., 2009), perform poorly on Yoni (Shamay-Tsoory et al., 2007). This may 

offer some support that cognitive PT abilities are needed to achieve high Yoni 

performance. In addition, one previous study investigated the psychometric properties of 

Yoni in a sample of neurotypical adults, but its convergent validity was only probed with 

Reading the Mind in the Eyes task (Isernia et al., 2022). Their study found a small 

significant correlation between the two measures, but further investigations of Yoni’s 

convergent validity specifically with tasks that are also thought to require mentalizing 

about the emotional mental states of others will lend greater understanding to this tasks 

underlying cognitive processes in neurotypical populations. A functional neuroimaging 

study conducted with neurotypical adults found that EAT performance was significantly 
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associated with activation in regions implicated in cognitive empathy (Mackes et al., 

2018). However, a recent study reported that individuals with autism spectrum disorder, 

who are thought to have deficits in affective PT abilities (Song et al., 2019) did not 

demonstrate significantly different performance from neurotypical adults on the EAT 

(McKenzie et al., 2022). Therefore, it is difficult to conclude if the lack of correlation 

between Yoni and EAT in the present study is due to one or both tasks failing to measure 

their purported constructs. Future research should carefully assess the psychometric 

properties of existing measures of individual differences in cognitive and affective PT in 

neurotypical adults to better understand what psychological constructs these tasks 

measure and what general cognitive processes may additionally support performance.  

 

Limited Support for Shared Cognitive Processes Between PT Domains 

A few findings from the present study may be interpreted to provide partial, but 

very limited support for shared cognitive processes among some perspective-taking tasks 

in different domains. Small significant correlations were found among one spatial PT task 

(i.e., SOT) and both affective PT tasks (i.e., EAT and Yoni), even after removing the 

effect of general reasoning ability. Previous research has found that performance on 

emotion recognition tasks is uncorrelated with spatial PT performance (Chiu & Yeh, 

2018; Martin et al., 2019). However, the tasks used in the present study were not emotion 

recognition tasks per se, but rather, both are thought to additionally require mentalizing 

and differentiating between emotional mental states (Mackes et al., 2018; Shamay-Tsoory 

et al., 2007), which are two crucial features of valid affective PT measures (Quesque & 

Rossetti, 2020). Thus, the results of the present study do not contradict previous work 
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which suggests emotion recognition and spatial PT are uncorrelated. Importantly, the 

results also do not provide support for the idea that spatial PT and affective PT are 

correlated. This claim cannot be made for two reasons. First, the two affective PT tasks 

used in the present study were not correlated with each other. Since convergent validity 

was not established among affective PT tasks, it is difficult to claim that these tasks 

measure a singular affective PT dimension or rely on shared cognitive processes. Second, 

neither affective PT measure was correlated with the second spatial PT task (i.e., PTT-A), 

despite its high convergent validity with SOT. 

Instead, the pattern of findings suggest that SOT was significantly correlated with 

each affective PT task in the present study because of differential cognitive processes or 

task demands that were commonly recruited among SOT and EAT, and separately among 

SOT and Yoni. One cognitive process that proponents of common mechanisms accounts 

may predict to be shared among these tasks is attentional control (Sun & Wang, 2014). 

However, the present study found that ANT orienting and executing indices were not 

associated with spatial PT task performance. Therefore, attentional control cannot 

account for the association of SOT with each affective PT task. An alternative 

explanation for why smaller angular errors in perspective-taking on SOT showed a 

modest negative correlation with accuracy in emotional intensity ratings of others on 

EAT may be that both required magnitude judgments. It has previously been suggested 

that a generalized magnitude system serves as a basis for the development of accurate 

spatial judgements (Newcombe et al., 2015). Some researchers have also proposed that 

adults use a generalized magnitude system to organize representations of increasing 

emotional intensity (Holmes & Lourenco, 2011; though, see Pitt & Casasanto, 2018 for 



106 

critiques). Thus, future behavioral work may investigate if accuracy of magnitude 

judgements more generally can explain the association of performance on these tasks.  

A small positive correlation was also observed between accuracy on one cognitive 

PT task (i.e., Director Task) and self-reported preference/experience for spatial-relational 

imagery, as measured by the OSIQ spatial subscale. However, no significant associations 

were found between Director Task and objective behavioral measures of spatial PT, and 

the OSIQ was not correlated with the other cognitive PT task (i.e., Strange Stories). 

Therefore, the small correlation between Director Task and the OSIQ may be best 

attributed to the spatial features of Director Task stimuli, as compared to Strange Stories 

which had no visuospatial task demands.  

Finally, self-reported cognitive empathy as measured by the QCAE perspective-

taking subscale showed a weak significant correlation with the OSIQ spatial subscale. 

The creators of the QCAE describe their cognitive empathy perspective-taking subscale 

as measuring an individual’s propensity for “intuitively putting oneself in another 

person’s shoes to see things from his or her perspective” (Reniers et al., 2011). 

Importantly, the creators use the term “see” metaphorically in their description, as items 

on their perspective-taking subscale pertain to understanding the emotional perspective of 

others (e.g., “I can tell if someone is masking their true emotion”) and do not include 

phrases such as “see” or “look” that could be misinterpreted by participants as addressing 

spatial PT abilities. Therefore, it is unclear why the QCAE cognitive empathy 

perspective-taking subscale and the OSIQ showed a weak correlation in our sample. 

Regardless, the weak correlation of QCAE and OSIQ does not offer ample support for 
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common mechanisms accounts of PT when considering that QCAE was not significantly 

correlated with either behavioral affective PT measure. 

 

Moderate Support for Distinct Cognitive Processes Between PT Domains 

Relatively more support was found for the claim that distinct cognitive processes 

support perspective-taking performance in different domains. First, no significant 

correlations were found between spatial PT and cognitive PT tasks in the present study. 

This result stands in contrast to a recent study which found that reaction time on a novel 

spatial PT task was significantly correlated with Strange Stories Task performance (Putko 

& Złotogórska -Suwińska, 2019). One explanation for the differences in these findings 

may be due to differences in the validity of tasks used to measures spatial PT. Putko and 

Złotogórska -Suwińska (2019) devised a novel spatial PT task for use in their study; 

however, no psychometric analyses were provided to support its construct validity. 

Conversely, the spatial PT tasks used in the present study have previously demonstrated 

high convergent validity with other spatial PT tasks, divergent validity from other closely 

related constructs like object rotation (Brucato et al., 2022), and additionally 

demonstrated convergent validity in the present study. Thus, understanding the 

psychometric properties of Putko and Złotogórska -Suwińska’s (2019) spatial PT task 

and its association with existing spatial PT tasks may contribute to understanding 

differences in its association with cognitive PT. 

Second, self-reported cognitive empathy was uncorrelated with spatial PT 

performance. Several previous studies have found that self-reported cognitive empathy as 

measured by the Interpersonal Reactivity Index (Davis, 1983) or Empathy Quotient 
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(Baron-Cohen & Wheelwright, 2004) were significantly associated with greater accuracy 

or quicker reaction times on spatial PT tasks (T. Erle & Topolinski, 2015; Gronholm et 

al., 2012; Mohr et al., 2010; Sulpizio et al., 2015; Thakkar & Park, 2010; Tomei et al., 

2017). In contrast to previous studies, the QCAE was not significantly associated with 

objective performance on either spatial PT task in the present study. This is particularly 

surprising because the QCAE contains items from both the Interpersonal Reactivity Index 

and the Empathy Quotient. However, the QCAE was created by conducting a principal 

components analysis of items from four individually validated empathy questionnaires, 

and only the items which successfully loaded onto one of its five factors was retained 

(Reniers et al., 2011). As a result, only five out of fourteen original items measuring 

cognitive empathy on the Interpersonal Reactivity Index were considered valid items 

according to Reiners and colleagues (2011) analysis. Therefore, the results of this study 

suggest that when using a self-report measure of cognitive empathy which only included 

the most convergently valid items from previous questionnaires, self-reported cognitive 

empathy is no longer associated with spatial PT. 

Third, self-reported mentalizing was also uncorrelated with spatial PT 

performance. A handful of previous studies have found that self-reported autism 

spectrum disorder symptomology and social ineptitude are associated with performance 

on spatial PT tasks that have agents in their stimuli (Brunyé et al., 2012; Clements-

Stephens et al., 2013; Shelton et al., 2012) but not with spatial PT tasks without agents  

(Job et al., 2021). In the present study, the association of spatial PT with the MentS 

others-related mentalization subscale (Dimitrijević et al., 2018; Richter et al., 2021) was 

investigated, because the main purpose of the experiment was to probe the association of 
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mentalizing or perspective-taking abilities between domains, rather than social skills or 

autism spectrum disorder symptoms more broadly. Given that the MentS was not 

associated with PTT-A or SOT, results suggest that objective spatial PT performance on a 

task with or without agents is uncorrelated with self-reported cognitive PT abilities. 

Finally, despite the high correlation between self-reported cognitive and affective 

PT in the present study, no significant correlations were found between the cognitive and 

affective PT tasks. A brief review of behavioral correlations among various empathy and 

theory of mind tasks provided in the introduction of a recent neuroimaging meta-analysis 

of these constructs reported inconsistent results regarding their behavioral associations 

(Schurz, 2021). However, many of these correlational studies were conducted between 

cognitive PT tasks (e.g., Strange Stories Task) and emotion recognition or emotional 

empathy tasks, and therefore do not necessarily speak to their association with affective 

PT tasks. Future studies which directly compare behavioral performance on validated 

cognitive and affective PT tasks may be useful for understanding the association of these 

abilities. 

To conclude, this study found that behavioral measures of spatial and cognitive 

PT were not significantly correlated with each other, nor were behavioral measures of 

cognitive and affective PT. Although spatial and affective PT shared a very small amount 

of behavioral co-variance, this association could not be explained by common attentional 

executing or orienting processes. Therefore, the most support was found for distinct 

mechanisms hypotheses. Future work should be done to establish construct validity for 

tasks of cognitive and affective PT before returning to the question of their association 

with spatial PT and one another.   
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CHAPTER 4 

GENERAL DISCUSSION 

  

Experiment 1 of this dissertation sought to update our knowledge of the neural 

correlates of level 2 spatial PT in neurotypical adults and then to use this knowledge to 

investigate the tenability of common or distinct mechanisms accounts of PT. An 

activation likelihood estimation meta-analysis of spatial, cognitive, and affective PT, and 

attention switching was performed, and conjunction analyses provided the most support 

for distinct mechanisms accounts of PT. Neuroimaging studies of spatial PT showed 

meta-analytic clusters in the posterior parietal cortex, frontal eye fields, superior 

middle/frontal gyrus, precuneus, and to a lesser extent the retrosplenial cortex. Spatial PT 

shared six regions of meta-analytic convergence with task switching, but virtually no 

meta-analytic convergence was found between spatial and social PT. Conversely, 

cognitive and affective PT shared six regions of meta-analytic convergence, including 

clusters in the left temporoparietal junction, bilateral anterior temporal lobes, precuneus, 

and dorsal medial prefrontal cortex. 

The goal of Experiment 2 was to test common and distinct mechanisms 

hypotheses of PT by assessing the behavioral co-variance of PT measures and their 

association with attentional control. Performance on spatial PT tasks showed a very weak 

correlation with both affective PT tasks; however, convergent validity was not achieved 

among affective PT tasks, and spatial PT was not correlated with orienting nor executing 

indices of attentional control. Further, spatial PT was not significantly correlated with 
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performance on cognitive PT tasks. Therefore, Experiment 2 also found the most support 

in favor of distinct mechanisms accounts.  

 

Integrating Neuroimaging and Behavioral Experiment Findings 

 Both experiments described in this dissertation offered support for distinct 

mechanisms accounts of PT. Experiment 1 offered support for the variant of distinct 

mechanisms accounts wherein spatial and social forms of PT are thought to rely on 

distinct neural correlates. However, Experiment 2 offered support for another variant of 

distinct mechanisms accounts, which claims that all three types of PT rely on dissociable 

neural correlates, and distinct cognitive processes. One limitation of Experiment 1 was 

that the meta-analytic approach used could not provide information on the relative 

differences in activation magnitude of neural correlates for each type of PT. However, a 

prior review of neuroimaging studies reported that cognitive PT shows relatively stronger 

engagement of the TPJ than affective PT, and conversely that affective PT shows 

relatively more engagement of medial prefrontal cortex than cognitive PT (Kosakowski 

& Saxe, 2018). Taken together, results from Experiments 1 and 2 along with findings 

from previous studies offer support for the claim that spatial, cognitive, and affective PT 

rely on dissociable neural correlates and cognitive processes.   

 In addition, Experiment 1 found that neural correlates of spatial PT were largely 

overlapping with regions in the dorsal attentional network activated by task-switching 

paradigms. However, Experiment 2 found no significant behavioral correlations between 

spatial PT and attentional orienting, nor attention executing (inhibition). One possibility 

for these seemingly conflicting results may be because the Attentional Network Test was 
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used to measure attentional control in Experiment 2, whereas task-switching paradigms 

were used to derive meta-analytic activations of the dorsal attentional network in 

Experiment 1. Therefore, it may be the case that an attentional task which required 

participants to represent and switch between different mental sets would have been 

behaviorally associated with spatial PT in Experiment 2. However, at least two other 

studies have reported a lack of correlation between spatial PT and attentional tasks of this 

kind. For example, Putko & Złotogórska -Suwińska (2019) reported that their novel 

spatial PT ask was not significantly correlated with the Trail Making Task, which is 

purported to capture behavioral performance associated with attentional demands of 

switching between mental sets (Bowie & Harvey, 2006). Similarly, Martin and 

colleagues (2019) did not find that set-switching performance was associated with 

performance on their spatial PT task. Thus, future work should aim to investigate these 

puzzling inconsistencies among neuroimaging and behavioral studies and the role of 

attentional control in spatial PT. 

 

Suggestions for Improving the Measurement of Perspective Taking 

 Experiments 1 and 2 both prompt a discussion regarding the necessity for 

improved measures to capture individual differences in PT abilities. For example, results 

from Experiment 2 were consistent with findings from several other larger investigations 

(Ickes, 1993; Murphy & Lilienfeld, 2019; Sunahara et al., 2022) in that self-report 

measures of cognitive and affective PT do not map on well, if at all to behavioral task 

performance. This is troubling when considering that several studies published in the past 

two decades claim that affective PT is associated with spatial PT, but relied primarily on 

self-report measures of affective PT (e.g., Erle & Topolinski, 2015; Gronholm et al., 



113 

2012; Mohr et al., 2010; Sulpizio et al., 2015; Thakkar et al., 2009; Thakkar & Park, 

2010; Tomei et al., 2017). In order to affirm or refute these claims for common 

mechanisms accounts of PT, future studies may need to consider shifting to conducting 

studies with primarily behavioral measures of each type of PT. 

 Relatedly, the results of Experiment 2 also highlight a need for future research to 

establish convergently valid measures of individual differences in cognitive and affective 

PT abilities—an issue that has recently been highlighted by several social psychology 

researchers (e.g., Navarro, 2021; Quesque & Rossetti, 2020; Warnell & Redcay, 2019). 

Importantly, this should include investigating the tenability of using comparable valid 

tasks in both behavioral and neuroimaging paradigms in order to draw conclusions across 

studies using both of these methodologies. The majority of tasks used in studies assessing 

the neural correlates of cognitive PT in Experiment 1 were false belief tasks; however, 

adults tend to show very few individual differences in their performance on these types of 

tasks. In contrast, behavioral studies with neurotypical adults which assess cognitive PT 

abilities using Strange Stories Task, including Experiment 2, tend to find a range of 

individual differences in performance (see also White et al., 2009). 

 Finally, Experiment 1 revealed a important issue relevant to the comparison of 

neuroimaging studies which measure spatial and social forms of PT. Namely, 

neuroimaging experiments which investigate neural correlates of spatial PT tend to 

primarily use contrasts which subtract neural activation during third-person perspective 

(3PP) trials from that of first-person perspective (1PP) trials. In contrast, experiments 

which investigate the neural correlates of social PT largely rely on contrasts which 

compare neural activation during mental state reasoning trials with non-mental state 

reasoning trials. Therefore, future neuroimaging investigations may benefit both from 

using more comparable contrasts across studies of PT in each domain, and by 

investigating the neural correlates of each type of PT in a single sample of neurotypical 

adults.  
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Conclusions and Future Directions 

 

Spatial, cognitive, and affective perspective taking are each crucial skills that are 

thought to play important roles in the successful navigation of spatial and social 

environments, educational outcomes, and several developmental and psychopathological 

disorders. Although the cognitive mechanisms that support successful perspective taking 

are still largely unknown, results from experiments 1 and 2 of this dissertation shed some 

light on the debate of whether PT in different domains rely on common or distinct 

processes. Results suggest that PT in spatial, cognitive, and affective domains rely on 

largely dissociable neural mechanisms and share little to no behavioral co-variance. This 

information suggests the possibility that co-deficits of spatial, cognitive, and affective PT 

in clinical populations such as autism spectrum disorder, schizophrenia, and major 

depressive disorder, may arise from distinct rather than common cognitive impairments. 

Future work may decide to focus efforts of understanding the different general cognitive 

processes that contribute to each type of PT ability. This work may help in devising 

interventions for the improvement of spatial, cognitive, or affective PT abilities. 

However, the more important message to be taken from the two experiments presented in 

Chapters 2 and 3, as well as the literature reviewed in Chapter 1 of this dissertation is that 

improved measurement of each construct is needed to truly differentiate among common 

and distinct accounts of perspective taking. 

Another approach that future research should leverage to investigate the 

association of PT abilities is to consider whether different types of PT rely on common 

white matter tracts in the brain. That is, if there are truly common neural mechanisms 

which jointly support spatial and social PT that went undetected in Experiment 1, it is 
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possible that any future behavioral commonalities among these abilities may result from 

the way information is distributed in networks throughout the brain, rather than localized 

to functional mechanisms. White matter tracts typically implicated in social mentalizing 

such as the cingulum bundle (Wang et al., 2018) show abnormal microstructure in 

clinical populations that present with spatial and social PT deficits (Travers et al., 2012; 

Bracht et al., 2015; Wheeler & Voineskos, 2014). To my knowledge, there has yet to be a 

published study on the white matter tracts which support spatial PT. Therefore, diffusion 

imaging studies in this area will contribute both to furthering our knowledge of the neural 

basis of spatial PT and to understanding whether these structural networks also support 

other forms of PT in the social domain. 
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APPENDIX A 

SUPPLEMENTARY TABLES FOR EXPERIMENT 1 

 

Table A1. 

Spatial perspective taking studies information and focus count analysis 

Year/ 

First 

Author N 

Task 

Type Contrast 

ALE Peak Clusters (MNI coordinates) 

Total 

 1 2 3 4 5 6 7 8* 9* 

x 16 -38 50 -26 -30 30 -44 16 -16 

y -64 -46 10 2 -80 2 8 -54 -62 

z 50 44 24 56 32 56 29 16 18 

2001 

Creem 

12 Level 2 3PP > 1PP  2 0 0 0 0 0 0 0 0 2 

2003 

Zacks 

16 Level 2 viewer rotation > 

object rotation  

 0 0 0 0 0 0 0 0 0 0 

2004 

Committeri 

14 Level 2 PT > non-PT 

(object upright 

judgement) 

 4 0 3 0 2 2 0 2 1 14 

2004  

Vogeley 

11 Level 1 3PP > 1PP  1 1 1 1 0 0 1 0 0 5 
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Table A1. (continued) 

Year/ 

First 

Author N 

Task 

Type Contrast 

ALE Peak Clusters (MNI coordinates) 

Total 

 1 2 3 4 5 6 7 8* 9* 

x 16 -38 50 -26 -30 30 -44 16 -16 

y -64 -46 10 2 -80 2 8 -54 -62 

z 50 44 24 56 32 56 29 16 18 

2005  

Wraga 

11 Level 1 viewer rotation > 

object rotation  

 1 0 0 0 0 0 1 0 0 2 

2006 

Aichhorn 

18 Level 2 3PP > 1PP  0 0 1 0 0 0 0 0 0 1 

2006  

David 

13 Level 2 3PP > 1PP  0 0 0 0 0 1 1 0 0 2 

2006 

Wallentin 

14 Level 2 PT > non-PT  

(age judgement) 

 4 1 0 0 1 0 0 1 1 8 

2007 

Creem-

Regehr 

18 Level 2 PT > non-PT 

(fixation) 

 2 0 0 0 0 0 0 0 0 2 

2007 

Zaehle 

16 Level 2 3PP > 1PP  0 0 1 0 0 0 0 0 0 1 

2008  

David 

13 Level 2 3PP > 1PP  0 1 0 0 0 1 0 0 0 2 
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Table A1. (continued) 

Year/ 

First 

Author N 

Task 

Type Contrast 

ALE Peak Clusters (MNI coordinates) 

Total 

 1 2 3 4 5 6 7 8* 9* 

x 16 -38 50 -26 -30 30 -44 16 -16 

y -64 -46 10 2 -80 2 8 -54 -62 

z 50 44 24 56 32 56 29 16 18 

2008 Kaiser 24 Level 1 3PP > 1PP  2 0 2 1 1 1 1 0 0 8 

2008 

Wallentin 

21 Level 2 3PP > 1PP  & 

non-PT (age 

judgement ) & 

baseline 

 1 1 0 1 0 1 1 0 0 5 

2010 Blanke 14 Level 2 3PP > 1PP  3 1 1 0 0 0 0 0 0 5 

2010 

Dumontheil 

14 Level 1 3PP > 1PP  1 2 1 0 0 0 1 0 0 5 

2010  

Kockler 

18 Level 2 3PP > 1PP  0 1 1 1 0 0 1 0 0 4 

2010 Wraga 

& Boyle 

18 Level 2 viewer rotation 

> object 

rotation  

 1 1 0 0 1 0 1 0 0 4 

2010 Wraga 

& Flynn 

13 Level 2 PT > non-PT 

(fixation) 

 0 0 0 1 1 0 0 0 0 2 
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Table A1. (continued) 

Year/ 

First 

Author N 

Task 

Type Contrast 

ALE Peak Clusters (MNI coordinates) 

Total 

 1 2 3 4 5 6 7 8* 9* 

x 16 -38 50 -26 -30 30 -44 16 -16 

y -64 -46 10 2 -80 2 8 -54 -62 

z 50 44 24 56 32 56 29 16 18 

2010  

Xiao 

16 Level 2 linear increase 

of degrees 

from learning 

to test 

 3 3 1 2 0 0 0 0 0 9 

2011  

Schnell 

21 Level 1 3PP > 1PP  0 0 0 0 0 0 0 0 0 0 

2011  

Shibata 

18 Level 1 3PP > 1PP  2 2 1 1 0 1 0 0 0 7 

2012  

Lambrey 

18 Level 2 viewer rotation 

> object 

rotation  

 0 0 0 0 0 0 0 1 0 1 

2013  

Mazzarella 

12 Level 2 PT > non-PT 

(baseline; just 

press 2 keys.) 

 2 1 0 1 0 2 0 0 0 6 

2013  

Ramsey 

16 Level 1 3PP > 1PP  0 0 0 0 0 0 0 0 0 0 
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Table A1. (continued) 

Year/ 

First 

Author N 

Task 

Type Contrast 

ALE Peak Clusters (MNI coordinates) 

Total 

 1 2 3 4 5 6 7 8* 9* 

x 16 -38 50 -26 -30 30 -44 16 -16 

y -64 -46 10 2 -80 2 8 -54 -62 

z 50 44 24 56 32 56 29 16 18 

2013  

Sulpizio 

15 Level 2 PT > non-PT 

(color 

judgement) 

 5 1 0 1 1 1 0 1 1 11 

2015  

Ganesh 

22 Level 2 3PP > 1PP  1 0 0 0 0 0 0 0 0 1 

2015  

Schurz 

15 Level 1 3PP > 1PP  4 2 0 0 1 0 0 0 0 7 

2016  

Sulpizio 

14 Level 2 3PP > 1PP  4 0 0 0 2 0 0 1 1 8 

2017  

Agarwal 

8 Level 2 viewer rotation 

> object 

rotation  

 0 0 0 0 0 0 0 0 0 0 

2017  

Burles 

27 Level 1 PT > non-PT 

(object 

recognition) 

 1 0 0 0 1 0 0 2 1 5 
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Table A1. (continued) 

Year/ 

First 

Author N 

Task 

Type Contrast 

ALE Peak Clusters (MNI coordinates) 

Total 

 1 2 3 4 5 6 7 8* 9* 

x 16 -38 50 -26 -30 30 -44 16 -16 

y -64 -46 10 2 -80 2 8 -54 -62 

z 50 44 24 56 32 56 29 16 18 

2019  

Kronbichler 

48 Level 

1 

3PP > 1PP  0 0 0 0 0 0 0 0 0 0 

Total 542       44 18 13 10 11 10 8 8 5 127 

Note. The year, first author, sample size, task category, and contrast for each spatial PT study included in the meta-analysis are 

listed in the first five columns. In italics at the top of the table, MNI coordinates are listed for the center of mass of peak 

clusters derived from the spatial PT ALE meta-analysis. The relative contribution of each study is summarized in the table. 

Each column below a cluster’s peak coordinate lists the number of peaks from each study that fell within each significant 

cluster. 1 = right superior parietal lobe/ posterior SMG (posterior parietal cortex); 2 = left superior parietal lobe/ posterior 

SMG (posterior parietal cortex); 3 = right inferior frontal gyrus, pars opercularis (vlPFC); 4 = left superior/ middle frontal 

gyrus (frontal eye fields); 5 = left Superior lateral occipital cortex; 6 = right superior/ middle frontal gyrus; 7 = left inferior 

frontal gyrus, pars opercularis (vlPFC); 8  = right retrosplenial cortex; 9 = left retrosplenial cortex. 

* Appeared as a cluster but did not surpass the FWE significance cutoff. 
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Table A2. 

Cognitive perspective taking studies information and focus count analysis 

Year/ 

First Author N 

Task 

Type Contrast 

ALE Peak Clusters (MNI coordinates) 

Total 

 1 2 3 4 5 6 7 

x 52 0 -2 -52 -54 60 4 

y -56 56 -56 -56 -4 -26 48 

z 22 26 40 24 -24 -10 -14 

2001  

Vogeley 

8 ToM 

stories 

ToM > non-ToM  

(unlinked sentences) 

 0 0 0 0 0 0 1 1 

2006  

Wang 

12 ToM 

cartoons 

ironic condition >  

non-ironic condition 

 0 0 0 0 0 1 0 1 

2007  

D'Argembeau 

17 Trait 

Judgeme

nt 

3PP > 1PP  0 0 1 1 1 0 0 3 

2007  

Gobbini 

12 False 

belief 

False belief > physical  0 2 1 1 0 0 0 4 

2007  

Kobayashi 

16 ToM 

cartoons 

ToM > non-ToM  0 0 0 0 0 0 0 0 

2008  

Abraham 

17 ToM 

stories 

ToM > non-ToM  0 2 1 0 1 0 0 4 
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Table A2. (continued) 

Year/ 

First Author N 

Task 

Type Contrast 

ALE Peak Clusters (MNI coordinates) 

Total 

 1 2 3 4 5 6 7 

x 52 0 -2 -52 -54 60 4 

y -56 56 -56 -56 -4 -26 48 

z 22 26 40 24 -24 -10 -14 

2008  

Lissek 

13 ToM 

cartoons 

ToM > non-ToM  0 0 1 1 0 1 0 3 

2008  

Young 

17 False 

belief 

False belief > physical  1 2 1 1 0 0 1 6 

2010  

Hooker 

15 ToM 

stories 

ToM > non-ToM  0 1 0 1 0 1 0 3 

2010  

Jenkins 

15 False 

belief 

ToM > non-ToM  2 1 0 1 0 1 0 5 

2010  

Young 

17 False 

belief 

False belief > physical  1 2 1 1 0 0 1 6 

2011  

Rothmayr 

12 False 

belief 

False belief > true belief  1 1 1 1 0 0 0 4 

2011  

vanderMeer 

19 False 

belief 

False belief > rest  0 0 0 2 0 0 0 2 
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Table A2. (continued) 

Year/ 

First Author N 

Task 

Type Contrast 

ALE Peak Clusters (MNI coordinates) 

Total 

 1 2 3 4 5 6 7 

x 52 0 -2 -52 -54 60 4 

y -56 56 -56 -56 -4 -26 48 

z 22 26 40 24 -24 -10 -14 

2012  

Cheung 

23 False 

belief 

False belief > physical  0 0 0 1 0 0 0 1 

2010  

Sebastian 

30 ToM 

cartoons 

ToM > non-ToM  1 0 1 0 1 1 0 4 

2013 Bodden 30 Yoni ToM > non-ToM  0 0 0 0 0 0 0 0 

2013  

Dufour 

27 False 

belief 

False belief > physical  1 3 3 3 1 2 2 15 

2013 

Hillebrant 

14 Director 

Task 

3PP > 1PP  0 0 0 0 0 0 0 0 

2013  

Jack 

45 ToM 

stories 

ToM > non-ToM  1 3 1 2 2 2 1 12 

2014  

Hartwright 

28 False 

belief 

False belief > physical  2 0 1 1 0 0 0 4 

2014  

Jenkins 

19 False 

belief 

False belief > physical  1 0 1 1 1 1 0 5 
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Table A2. (continued) 

Year/ 

First Author N 

Task 

Type Contrast 

ALE Peak Clusters (MNI coordinates) 

Total 

 1 2 3 4 5 6 7 

x 52 0 -2 -52 -54 60 4 

y -56 56 -56 -56 -4 -26 48 

z 22 26 40 24 -24 -10 -14 

2015  

Frank 

34 False 

belief 

False belief > unlinked sentences  2 0 2 2 0 0 0 6 

2015  

Schlaffke 

39 ToM 

cartoons 

ToM > non-ToM  3 0 2 1 1 0 0 7 

2016  

Tusche 

31 ToM 

stories 

ToM > non-ToM  0 1 0 1 1 0 0 3 

2017  

Ozdem 

21 False 

belief 

False belief > physical  3 0 1 0 0 0 0 4 

2018  

O'Connell 

38 False 

belief 

False belief > physical  1 0 0 1 0 0 0 2 

2018  

Oliver 

36 False 

belief 

False belief > physical  0 1 1 1 0 1 0 4 

2019  

Boccadoro 

68 False 

belief 

False belief > true belief  0 0 0 2 0 0 0 2 
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Table A2. (continued) 

Year/ 

First Author N Task Type Contrast 

ALE Peak Clusters (MNI coordinates) 

Total 

 1 2 3 4 5 6* 7 

x 52 0 -2 -52 -54 60 4 

y -56 56 -56 -56 -4 -26 48 

z 22 26 40 24 -24 -10 -14 

2020 Cracco 72 False belief False belief > physical  1 3 2 1 2 2 2 13 

2020 Wysocka 13 False belief False belief > physical  1 0 1 0 0 0 0 2 

2021 Borbs 27 ToM cartoons ToM > non-ToM  1 0 0 1 0 0 0 2 

Total 785       23 22 23 28 11 13 8 128 

Note. The year, first author, sample size, task category, and contrast for each cognitive PT study included in the meta-analysis 

are listed in the first five columns. In italics at the top of the table, MNI coordinates are listed for the center of mass of peak 

clusters derived from the spatial PT ALE meta-analysis, excluding the small cluster in posterior supramarginal gyrus (see 

Table 3). The relative contribution of each study is summarized in the table. Each column below a cluster’s peak coordinate 

lists the number of peaks from each study that fell within each significant cluster. 1 = right angular gyrus (temporoparietal 

junction TPJ); 2 = superior frontal gyrus (dorsomedial prefrontal cortex); 3 = precuneus; 4 = left angular gyrus (TPJ); 5. = right 

posterior middle temporal gyrus; 6 = right frontal medial cortex (ventromedial prefrontal cortex). 

*This cluster includes the right anterior middle temporal gyrus (ATL) reported in Table 3. 
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Table A3. 

Affective perspective taking studies information and focus count analysis 

Year/ 

First Author N Task Type Contrast 

ALE Peak Clusters (MNI coordinates) 

Total 

 1 2 3 4 5 6 7 8* 

x 52 -46 -54 -48 54 -4 -4 -6 

y 6 24 -50 10 28 -56 18 52 

z -28 -8 12 -34 0 32 58 36 

2001  

Farrow 

10 Affective stories Affective > physical  0 0 0 0 0 1 0 0 1 

2005  

Kim 

14 Emotion 

recognition 

Affective > gender  0 1 0 1 0 0 0 0 2 

2008 Schulte-

Ruther 

26 Emotion 

recognition 

Affective > gender + 

age 

 1 1 1 1 1 0 1 1 7 

2009  

Kim 

14 Affective stories Ambiguous emotional 

judgement > non-

ambiguous emotional 

judgement 

 0 0 0 0 0 0 0 0 0 

2009  

Mano 

18 Affective stories Affective > non-

affective 

 2 3 1 0 0 3 1 1 11 

2009  

Zaki 

21 Empathic 

Accuracy 

Parametric track with 

EA 

 0 0 0 0 0 0 0 0 0 
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Table A3. (continued) 

Year/ 

First Author N Task Type Contrast 

ALE Peak Clusters (MNI coordinates) 

Total 

 1 2 3 4 5 6 7 8* 

x 52 -46 -54 -48 54 -4 -4 -6 

y 6 24 -50 10 28 -56 18 52 

z -28 -8 12 -34 0 32 58 36 

2010 Kim 19 Affective stories Affective > physical  0 1 0 0 1 0 0 0 2 

2010  

Mier 

40 Emotion 

recognition 

Affective > gender  0 1 1 0 1 0 1 0 4 

2010  

Modinos 

36 Emotion 

recognition 

Affective > physical  0 0 0 0 0 0 0 0 0 

2011  

Dziobek 

29 Emotion 

recognition 

Affective > physical  0 0 1 0 1 0 1 0 3 

2011 Schnell 21 Affective stories Affective > physical  4 4 3 2 3 1 0 2 19 

2012 

Regenbogen 

27 Empathic 

Accuracy 

Affective > neutral  1 1 1 0 1 1 0 1 6 

2012  

Zaki 

16 Empathic 

Accuracy 

Parametric track with 

EA 

 0 0 0 0 0 0 0 0 0 

2013  

Harvey 

15 Empathic 

Accuracy 

Parametric track with 

EA 

 0 0 0 0 0 1 0 0 1 
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Table A3. (continued) 

Year/ 

First Author N Task Type Contrast 

ALE Peak Clusters (MNI coordinates) 

Total 

 1 2 3 4 5 6 7 8* 

x 52 -46 -54 -48 54 -4 -4 -6 

y 6 24 -50 10 28 -56 18 52 

z -28 -8 12 -34 0 32 58 36 

2013 Hervé 42 Affective 

stories 

Affective > cognitive  1 0 1 0 0 0 0 0 2 

2013 Perry 25 Affective 

stories 

3PP > 1PP  0 0 0 0 0 0 0 0 0 

2013  

Schiffer 

22 Emotion 

recognition 

Affective > gender  0 1 1 0 0 0 1 0 3 

2014 

CorradiDell'Acqua 

46 Affective 

stories 

Affective > physical  0 0 0 0 0 0 0 0 0 

2015  

Haas & Anderson 

16 Face vs 

Scene match 

Affective > gender  1 0 1 0 1 0 0 1 4 

2015  

Haas & Brook 

50 Affective 

stories 

Affective > physical  0 0 1 0 0 0 0 0 1 

2015  

Wang 

56 Affective 

stories 

Affective > physical  1 0 0 0 0 1 0 0 2 
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Table A3. (continued) 

Year/ 

First Author N Task Type Contrast 

ALE Peak Clusters (MNI coordinates) 

Total 

 1 2 3 4 5 6 7 8* 

x 52 -46 -54 -48 54 -4 -4 -6 

y 6 24 -50 10 28 -56 18 52 

z -28 -8 12 -34 0 32 58 36 

2015 Willert 81 Affective stories Affective > physical  1 1 1 2 1 1 1 1 9 

2016 Gilead 24 Affective PT 3PP > 1PP  0 0 0 0 0 0 0 0 0 

2016  

Schmitgen 

21 Affective stories Affective > physical  3 1 3 2 1 0 1 1 12 

2017  

Eddy 

25 Emotion 

recognition 

Affective > age  0 0 1 0 0 0 1 0 2 

2017  

Mier 

44 Emotion 

recognition 

Affective > age  2 1 1 2 1 0 0 0 7 

2017 Powell 12 Affective stories Affective > age  0 0 0 0 0 0 0 0 0 

2018  

Mackes 

34 Empathic 

Accuracy 

Affective > neutral  1 0 1 1 0 0 0 0 3 

2020  

Alkan 

26 Emotion 

recognition 

Affective > age  0 0 0 0 0 0 0 0 0 

2020 Mayer 48 Affective stories 3PP > 1PP  0 0 0 0 0 0 0 0 0 
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Table A3. (continued) 

Year/ 

First Author N Task Type Contrast 

ALE Peak Clusters (MNI coordinates) 

Total 

 1 2 3 4 5 6 7 8* 

x 52 -46 -54 -48 54 -4 -4 -6 

y 6 24 -50 10 28 -56 18 52 

z -28 -8 12 -34 0 32 58 36 

2021  

Schmidt 

75 Emotion 

recognition 

Affective > age  0 1 5 0 3 0 0 0 9 

Total 953       18 17 24 11 15 9 8 8 110 

Note. The year, first author, sample size, task category, and contrast for each affective PT studY included in the meta-analysis 

are listed in the first five columns. In italics at the top of the table, MNI coordinates are listed for the center of mass of peak 

clusters derived from the spatial PT ALE meta-analysis. The relative contribution of each study is summarized in the table. 

Each column below a cluster’s peak coordinate lists the number of peaks from each study that fell within each significant 

cluster. 1 = right temporal pole (anterior temporal lobe); 2 = left frontal orbital cortex / inferior frontal gyrus, pars triangularis; 

3 = left posterior supramarginal gyrus (temporoparietal junction); 4 = left temporal pole (anterior temporal lobe); 5 = right 

inferior frontal gyrus, pars triangularis; 6 = precuneus; 7 = left superior frontal gyrus; 8 = left superior frontal gyrus, 

dorsomedial prefrontal cortex. 
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Table A4. 

 Attention switching studies information and focus count analysis 

Year/ 

First Author N Cue Type Stimuli Type 

ALE Peak Clusters (MNI coordinates) 

Total 

 1 2 3 4 5 6* 

x -8 -36 -46 -8 34 0 

y 10 -54 14 -70 22 -30 

z 50 46 28 46 2 34 

2002 Dreher 8 Verbal 0  2 2 2 0 0 0 6 

2003 Braver 13 Verbal 0  2 2 2 0 0 0 6 

2004 Brass & Cramon 14 Shape 0  0 0 1 0 0 0 1 

2004 Smith 20 Arrows Spatial  0 0 0 0 1 0 1 

2005 Ruge 22 Arrows Spatial  0 0 2 2 0 0 4 

2006 Crone 20 Shape 0  2 2 0 0 0 0 4 

2006 Liston 19 Verbal Spatial  3 4 1 0 0 0 8 

2006 Rubia 22 Arrows Spatial  0 0 0 0 0 0 0 

2006 Yeung 15 Color Face  2 4 0 4 2 2 14 

2010 Jamadar 18 Verbal 0  0 0 0 0 0 0 0 

2010 Madden 20 Verbal 0  0 2 2 0 2 0 6 

2010 Shi 12 Verbal Face  1 0 0 0 0 0 1 

2010 Woodcock 8 Shape/Arrow Spatial  1 1 1 0 0 0 3 

2011 Nee 27 Feedback Face  3 0 0 0 0 0 3 
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Table A4. (continued) 

Year/ 

First Author N Cue Type Stimuli Type 

ALE Peak Clusters (MNI coordinates) 

Total 

 1 2 3 4 5 6* 

x -8 -36 -46 -8 34 0 

y 10 -54 14 -70 22 -30 

z 50 46 28 46 2 34 

2011 Stelzel 48 Shape 0  1 1 2 1 0 0 5 

2012 Whitmer 27 Color Face  1 1 0 0 0 1 3 

2012 Witt 134 Verbal 0  2 2 1 1 1 1 8 

2013 Braem 35 Color Face  1 1 1 0 0 1 4 

2013 Piguet 18 Verbal Face  0 1 0 1 0 1 3 

2013 Rodrguez-Pujadas 18 Shape 0  0 2 0 2 0 1 5 

2013 Witt 83 Verbal 0  3 1 2 1 1 1 9 

2015 Fuentes-Claramonte 28 Shape 0  1 2 1 0 0 1 5 

2015 Reeck 20 Color Face  1 1 0 0 0 1 3 

2015 Vallesi 31 Color 0  2 3 1 0 0 0 6 

2016 Sekutowicz 108 Shape 0  3 2 2 1 1 0 9 

2019 Cubillo 30 Stimulus Spatial  0 0 1 0 0 0 1 

2019 Lemire-Rodger 22 Verbal 0  3 1 1 0 0 1 6 

2020 Ahrens 34 Brightness 0  1 1 1 0 0 0 3 

2020 Pizzie 48 Stimulus 0  0 1 0 0 0 0 1 
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Table A4. (continued) 

Year/ 

First Author N Cue Type Stimuli Type 

ALE Peak Clusters (MNI coordinates) 

Total 

 1 2 3 4 5 6* 

x -8 -36 -46 -8 34 0 

y 10 -54 14 -70 22 -30 

z 50 46 28 46 2 34 

2021 Hippmann 23 Color 0  1 1 0 1 1 0 4 

2021 Tsumura 27 Verbal Spatial  6 6 3 1 1 0 17 

Total  972       42 44 27 15 10 11 149 

Note. The year, first author, sample size, cue type, and stimulus type for each attention switching studies included in the meta-

analysis are listed in the first three columns. All attention-switching studies used an attention switching task and a switch > 

repeat contrast. In italics at the top of the table, MNI coordinates are listed for the center of mass of peak clusters derived from 

the attention switching ALE meta-analysis. The relative contribution of each study is summarized in the table. Each column 

below a cluster’s peak coordinate lists the number of peaks from each study that fell within each significant cluster. 1 = left 

Superior frontal gyrus/ supplementary motor area; 2 = left superior parietal lobe (posterior parietal cortex); 3 = left Inferior 

frontal gyrus, pars opercularis (ventrolateral prefrontal cortex; vlPFC); 4 = left precuneus; 5 = right insular cortex; 6 = 

Posterior cingulate gyrus.  
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Table A5. 

Level 2 spatial perspective taking studies information and focus count analysis 

Year/ 

First Author N Contrast 

ALE Peak Clusters (MNI coordinates) 

Total 

 1 2 3 4 5 6 7 8 9* 10* 

x -12 -38 14 26 -32 50 -24 36 18 -16 

y -70 -46 -68 2 -82 10 0 -48 -56 -62 

z 54 44 54 58 32 24 56 50 18 20 

2001 Creem 12 3PP > 1PP  1 0 1 0 0 0 0 0 0 0 2 

2003  

Zacks 

16 viewer rotation > 

object rotation 

 0 0 0 0 0 0 0 0 0 0 0 

2004  

Committeri 

14 PT > non-PT (object 

upright judgement) 

 2 0 3 3 1 3 0 1 2 1 16 

2006 Aichhorn 18 3PP > 1PP  0 0 0 0 0 1 0 0 0 0 1 

2006 David 13 3PP > 1PP  0 0 0 1 0 0 0 0 0 0 1 

2006  

Wallentin 

14 PT > non-PT   

(age judgement) 

 2 1 3 1 1 0 0 0 1 1 10 

2007  

Creem-Regehr 

18 PT > non-PT 

(fixation) 

 0 0 0 0 0 0 0 1 0 0 1 

2007 Zaehle 16 3PP > 1PP  0 0 0 0 0 1 0 0 0 0 1 

2008 David 13 3PP > 1PP  0 1 0 1 0 0 0 0 0 0 2 

2008  

Wallentin 

21 3PP > 1PP  & non-

PT (age judgement ) 

& basline 

 1 1 0 1 0 0 1 0 0 0 4 
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Table A5. (continued) 

Year/ 

First Author N Contrast 

ALE Peak Clusters (MNI coordinates) 

Total 

 1 2 3 4 5 6 7 8 9* 10* 

x -12 -38 14 26 -32 50 -24 36 18 -16 

y -70 -46 -68 2 -82 10 0 -48 -56 -62 

z 54 44 54 58 32 24 56 50 18 20 

2010 Blanke 14 3PP > 1PP  1 1 1 0 0 1 0 1 0 0 5 

2010 Kockler 18 3PP > 1PP  0 1 0 0 0 1 1 1 0 0 4 

2010  

Wraga & Boyle 

18 viewer rotation > 

object rotation 

 1 1 0 0 1 0 0 0 0 0 3 

2010  

Wraga & Flynn 

13 PT > non-PT 

(fixation) 

 0 0 0 0 1 0 1 0 0 0 2 

2010  

Xiao 

16 linear increase of 

degrees from 

learning to test 

 0 3 1 0 0 0 1 1 0 0 6 

2012  

Lambrey 

18 viewer rotation > 

object rotation 

 0 0 0 0 0 0 0 0 1 0 1 

2013  

Mazzarella 

12 PT > non-PT 

(baseline; just press 

2 keys.) 

 0 1 1 2 0 0 1 1 0 0 6 

2013  

Sulpizio 

15 PT > non-PT  

(color judgement) 

 2 1 2 1 1 0 1 0 1 1 10 

2015 Ganesh 22 3PP > 1PP  0 0 0 0 0 0 0 1 0 0 1 
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Table A5. (continued) 

Year/ 

First Author N Contrast 

ALE Peak Clusters (MNI coordinates) 

Total 

 1 2 3 4 5 6 7 8 9* 10* 

x -12 -38 14 26 -32 50 -24 36 18 -16 

y -70 -46 -68 2 -82 10 0 -48 -56 -62 

z 54 44 54 58 32 24 56 50 18 20 

2016 Sulpizio 14 3PP > 1PP  1 0 1 0 2 0 0 0 1 1 6 

2017  

Agarwal 

8 viewer rotation > 

object rotation 

 0 0 0 0 0 0 0 0 0 0 0 

Total 323     11 11 13 10 7 7 6 7 6 4 82 

Note. The year, first author, sample size, task category, and contrast for each of level 2 spatial PT study included in the meta-

analysis are listed in the first five columns. In italics at the top of the table, MNI coordinates are listed for the center of mass of 

peak clusters derived from the spatial PT ALE meta-analysis. The relative contribution of each study is summarized in the 

table. Each column below a cluster’s peak coordinate lists the number of peaks from each study that fell within each significant 

cluster. 1, 2 = right superior parietal lobe/ posterior SMG (posterior parietal cortex); 3 = left superior parietal lobe/ posterior 

SMG (posterior parietal cortex); 4 = right inferior frontal gyrus, pars opercularis (vlPFC); 5 = left superior/ middle frontal 

gyrus (frontal eye fields); 6 = left Superior lateral occipital cortex; 7 = right superior/ middle frontal gyrus; 8 = left inferior 

frontal gyrus, pars opercularis (vlPFC); 9  = right retrosplenial cortex; 10 = left retrosplenial cortex. 

* Appeared as a cluster but did not surpass the FWE significance cutoff. 



 

APPENDIX B 

SUPPLEMENTARY MATERIALS FOR EXPERIMENT 2 

 

Director Task instructions spoken aloud to participants by experimenters: 

“This task tests people’s ability to follow instructions on the computer. It 

will take about 5 minutes. Here is an example of what you will see [Shows 

participant an image of an example trial]. You will be presented with a 

grid with several objects located in the slots. The director, who is on the 

other side of the grid will give you instructions on which objects to move 

and where to move them. As you can see, there are several covered slots. 

[Researcher points to occluded slots]. You are able to see the objects in 

these slots, but the director cannot. This is how things look for the director 

[Shows participant an image of the example trial from the Director’s 

perspective]. The director does not know what is behind the covered slots.  

[Shows the participant example trial from their perspective again]. For 

example, you can see the car, and because this slot is not 

covered…[Switches back to the image of the Director’s view]… the 

director can see the car too. [Switches back to the image of the 

participant’s view] But, for example, you can see the red apple, but 

because this slot is covered……[Switches back to the image of the 

Director’s view] … the director cannot see the apple. So, when you follow 

the director’s instructions, it’s important to take his point of view into 

account [Switches back to the image of the participant’s view].  

Your task is to listen to the director’s instructions and then ‘move’ the 

object by clicking the mouse on the object and sliding it to the correct slot. 

You will not see the object actually move. The program records your 

mouse clicks and movements. You will always be asked to move the 

object by one slot, for example one slot to the right or one slot to the left. 

The instructions given by the director should be taken from your point of 

view, so if the director asks you to move the scissors left, you need to 

move the scissors towards your left [Researcher models clicking and 

dragging the scissors to the left].  

If for some reason you don’t respond quickly enough the experiment will 

move on automatically. If that happens, don’t worry – you should just 

respond to the next instruction and not try to catch up. Finally, this task 

was programmed in the UK, so the director will have an accent. We let 

participants know about this just so it doesn’t catch them off guard. Do 

you have any questions before we get started?” 

  



191 

Figure 1B 

Mean RT by angular disparity on PTT-A trials 

Note. RT = reaction time. PTT-A = Perspective Taking Task for Adults. Error bars 

represent ± 1 SEM. 
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Figure 2B 

Mean accuracy by trial type on Director Task 

Note. Blue dots are jittered data points of individual participants’ mean accuracy. Black 

dots are non-jittered data points. Experimental trials required the participant to consider 

the director’s perspective in order to achieve a correct answer. Control trials and filler 

trials did not require perspective taking for a correct response.  
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Table 1B 

Descriptive statistics and paired t-tests for RT by angular disparity on PTT-A trials 

Angular 

Disparity n Mean SD Min. Max. 

Comparison to 0° Trials 

Mean Diff. Conf. Int. 

0° 191 8.66 3.24 3.77 21.09  --  -- 

45° 188 10.80 4.14 4.29 34.95 -2.20* [-2.75 -1.65] 

90° 191 10.99 3.93 5.62 30.09 -2.24* [-2.79 -1.70] 

135° 189 11.74 5.34 4.44 41.76 -3.11* [-3.85 -2.37] 

180° 183 11.82 6.19 3.98 42.06 -3.29* [-4.16 -2.41] 

Note. Descriptive statistics and paired samples t-test results with 95% confidence 

intervals comparing mean RT in seconds for the 0° angular disparity trials to the mean 

RT in seconds to each other trial type. * p < 0.001.  

 

 

  



 

APPENDIX C 

SUPPLEMENTARY LITERATURE REVIEW TABLES 

Table C1. 

 Summary of behavioral studies with neurotypical adults on the association of spatial and affective PT. 

Year/  

First Author N 

Spatial PT 

Measure 

Spatial PT 

Measure: 

Agent 

Affective PT 

Measure 

Significant 

Results 

Control Task/ 

Condition 

Thakkar 

2009 

40 OBT; 

accuracy 

& RT 

Yes IRI Female ([RT back- RT front] x IRI,EC):  

r = .70, p = .0008 

Line bisection x 

IRI, r = 0.55,  

p = .0002 

Thakkar 

2010 

32 OBT; 

accuracy 

& RT 

Yes IRI Female (accuracy front x IRI,PT):  

r = .63, p = .008 

Letter rotation x 

IRI, r =.57, p=.03 

Mohr 2010 100 OBT; 

accuracy 

& RT 

Yes EQ (reverse-

scored) 

Female (RT front x EQ):  

r = -.29, p = .04 

NA 

Gronholm 

2012 

85 OBT; 

accuracy 

& RT 

Yes EQ (reverse-

scored) 

PT Strategy Users (n = 45; RT x EQ, 

total): r = .413, p = .005 

PT Strategy Users (n = 45; RT x EQ , 

ER): r = .339, p = .023 

NA 
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Table C1. (continued) 

Year/  

First Author N 

Spatial PT 

Measure 

Spatial PT 

Measure: 

Agent 

Affective PT 

Measure 

Significant 

Results 

Control Task/ 

Condition 

Erle 2015 

(Exp. 1) 

113 TFT; 

accuracy 

No IRI All (accuracy x IRI, PT) :  

r = .20, p = .033 

NA 

Erle 2015 

(Exp. 2) 

120 TFT; 

accuracy 

No IRI All (IRI, PT) :  

r = .20, p = .026 

All (accuracy x IRI, PT, removing 

effect of Arithmetic): r = .20, p = .031 

Arithmetic ns with 

IRI; 

Arithmetic x TFT,  

r = .34, p < .001 

Erle 2015 

(Exp. 3) 

169 TFT; 

accuracy 

No IRI All (accuracy x IRI, PT):  

r = .22, p = .004 

PT Strategy Users (n = 86; accuracy x 

IRI, PT): r = .29, p = .008 

NA 

Erle 2015 

(Exp. 4) 

163 Table PT 

Task 

(Level 2); 

RT 

Yes IRI All (accuracy x IRI,PT):  

r =-.20, p = .013 

NA 

Sulpizio 

2015 

148 Spatial 

Memory 

PT Task 

(Level 2); 

RT 

Yes IRI & BEES All (non-avatar x BEES):  

r = -0.19, p < .05 

All (non-avatar x IRI,FS):  

r = -0.17, p < .05 

All (avatar 135°  x BEES):  

r = -0.25, p < 0.01 

Memory without 

Spatial PT ns with 

IRI & BEES 
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Table C1. (continued) 

Year/  

First 

Author N 

Spatial PT 

Measure 

Spatial 

PT 

Measure: 

Agent 

Affective PT 

Measure 

Significant 

Results 

Control Task/ 

Condition 

Tomei 

2017 

76 Table PT Task 

(Level 2);  

# correct per 

minute 

Yes IRI All (correct/min x IRI,PT):  

β = 0.20, p = 0.04 

All (correct/min x IRI,PD):  

β = -0.23, p = 0.03 

NA 

Chiu 

2018 

158 Spatial Task-

Switching; 

switch cost 

No RMET & 

MET 

All (switch cost x MET, emotional):  

β = -.32, p < .01 

NA 

Martin 

2019 

146 Street PT Task 

(Level 1 & 

Level 2); 

accuracy & RT 

Yes RMET & 

SEC 

Younger Adults (allocentric CE 

accuracy, Level 1 x SEC):  

r  = -0.209, BF10 = 3.120 

All (allocentric CE accuracy, Level 2 x 

SEC): r  = -0.244, BF10 = 9.904 

Spatial PT with 

traffic light ns with 

SEC. 

Nielsen 

2015 

(Exp.1) 

32 Dot Task 

(Level 1); 

RT 

Yes IRI All (avatar x IRI,PT):  

r = .32, p = .035 

All (avatar x IRI,EC):  

r = .34, p = .029 

Spatial PT with 

arrow ns with IRI. 

Nielsen 

2015 

(Exp.2) 

28 Dot Task 

(Level 1); 

gaze duration 

Yes IRI All (avatar x IRI, PT):  

r = .37, p = .027 

All (avatar x IRI, EC):  

r = .32, p = .051 

Dot Task without 

avatar ns with IRI 

 



197 

Table C1. (continued) 

Year/  

First 

Author N 

Spatial PT 

Measure 

Spatial 

PT 

Measure: 

Agent 

Affective PT 

Measure 

Significant 

Results 

Control Task/ 

Condition 

Mattan 

2016 

43 Dot Task 

(Level 1); 

accuracy & RT 

Yes IRI All (Self-avatar CE RT x IRI, total):  

r = -.410, p = .008 

All (Self-avatar CE RT x IRI, PT):  

r = -.455, p = .003) 

All (Self-avatar CE RT x IRI, EC):  

r = -.471, p = .002) 

NA 

Note. PT = perspective taking; OBT = Own Body Transformation Task; RT = reaction time; IRI = Interpersonal Reactivity 

Index; IRI, PT = perspective-taking subscale; IRI, FS = fantasy subscale; IRI, PD = personal distress subscale; IRI, EC = 

empathic concern subscale; EQ = Empathy Quotient; EQ, ER = emotional reactivity subscale; TFT = Tube Figures Test; BEES 

= Balanced Emotional Empathy Scale; RMET = Reading the Mind in the Eyes Task; MET = Multifaceted Empathy Test; SEC 

= Social-Emotional Cognition task; CE = Congruency Effect; ns = non-significant. 
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Table C2. 

 Summary of behavioral studies with neurotypical adults on the association of spatial and cognitive PT. 

Year/  

First Author N 

Spatial PT 

Measure 

Spatial PT 

Measure: 

Agent 

Cognitive PT 

Measure 

Significant 

Results 

Control Task/ 

Condition 

Shelton 

2012  

(Main exp.) 

72 Three 

Buildings 

Task  

(Level 2); 

accuracy 

Yes AQ All (agent x AQ, Social/Com.):  

r = -.584, p <.05 

Male (agent x AQ, Social/Com.):  

r = -.660, p <.05  

Female (agent x AQ, Social/Com.):  

r = -.501, p <.05  

Object rotation, 

ns with AQ; 

Spatial PT 

without agent, ns 

with AQ 

Shelton 

2012 

(Replication) 

70 Three 

Mountains 

Task  

(Level 2); 

accuracy 

Yes AQ All (agent x AQ, Social/Com.):  

r = -.501, p <.05 

NA 

Brunyé 2012 140 Table PT 

Task 

(Level 1 & 

Level 2); 

RT 

Yes AQ All (Level 2 angle effect x AQ, total): 

βstd = .37, p < .01 

Female (Level 2 angle effect x AQ, 

total): βstd = .26, p < .05 

Male (Level 2 angle effect x AQ, total): 

βstd = .52, p < .01 

NA 
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Table C2. (continued) 

Year/  

First Author N 

Spatial PT 

Measure 

Spatial PT 

Measure: 

Agent 

Cognitive PT 

Measure 

Significant 

Results 

Control Task/ 

Condition 

Clements-

Stephens 

2013  

(Exp. 1) 

72 Three 

Buildings 

Task  

(Level 2); 

accuracy 

Yes AQ; Social 

& Com. 

subscales 

Agent trial presented first 

(non-agent x AQ, Social/Com.):  

r = -.50, p = .001 

Agent trial presented first 

(agent x AQ, Social/Com.):  

r = -.46, p = .004 

Agent trial presented second 

(agent x AQ, Social/Com.):  

r = -.45, p = .008 

 

When agent trial 

presented second, 

accuracy for non-

agent trials ns 

with AQ, 

Social/Com.. 

Clements-

Stephens 

2013  

(Exp. 2) 

72 Three 

Buildings 

Task  

(Level 2); 

accuracy 

Yes AQ; Social 

& Com. 

subscales 

All (face agent x AQ, Social/Com.):  

r = -.40, p = .001 

Spatial PT with 

no-face agent ns 

with AQ 

Social/Com. 

Clements-

Stephens 

2013  

(Exp. 3) 

48 Three 

Buildings 

Task  

(Level 2); 

accuracy 

Yes AQ; Social 

& Com. 

subscales 

All (“triangle aliens” x AQ, 

Social/Com.): r = -.36, p = .013 

NA 
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Table C2. (continued) 

Year/  

First Author N 

Spatial PT 

Measure 

Spatial PT 

Measure: 

Agent 

Cognitive PT 

Measure 

Significant 

Results 

Control Task/ 

Condition 

Job 2021 44 Spatial 

Orientation 

Task 

(Level 2) 

Error 

No TSIS NA Object rotation ns 

with TSIS. 

Putko 2019 67 Table PT 

Task 

(Level 1 & 

Level 2); 

accuracy 

& RT 

Yes Strange 

Stories Task 

All (Level 2 RT x Strange Stories 

accuracy): r = -.36, p < .01 

All (Level 1 RT x Strange Stories 

accuracy): r = -.29, p < .05 

Trail Making 

Task and 

Wisconsin Card 

Sorting Test ns 

with spatial PT or 

Strange Stories. 

Note. PT = perspective taking; AQ = Autism Quotient; AQ, Social/Com. = averaged social subscale and communications 

subscale; RT = reaction time; TSIS = Tromsø Social Intelligence Scale;  ns = non-significant  

 

 


