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Abstract
Visual perspective taking (VPT) represents how the world appears from another person’s position. The age, group status 
and emotional displays of the other person have been shown to affect task performance, but tasks often confound social and 
spatial outcome measures by embedding perspective taking in explicitly social contexts or theory-of-mind reasoning. Fur-
thermore, while previous research has suggested that visual perspective taking may be impacted by avatar characteristics, 
it is unknown whether this is driven by general group processing or a specific deficit in mentalizing about outgroups, for 
example, children. Therefore, using a minimally social task (i.e., the task was not communicative, and acknowledging the 
“mind” of the avatar was not necessitated), we examined whether avatar age and avatar gender affect performance on simpler 
(low angular disparity) and more effortful, embodied (high angular disparity) perspective judgments. Ninety-two participants 
represented the visuospatial perspectives of a boy, girl, man, or woman who were presented at various angular disparities. 
A target object was placed in front of the avatar and participants responded to the orientation of the object from the avatar’s 
position. The findings suggest that social features of visuospatial perspective taking (VSPT) are processed separately from 
the fundamental spatial computations. Further, Level-2 VSPT appears to be affected by general group categorization (e.g., 
age and gender) rather than a deficit in mentalizing about a specific outgroup (e.g., children).

Keywords Visual perspective taking · Avatar characteristics · Social cues · Spatial processing

Introduction

Representing another person’s visual perspective allows us 
to accurately communicate spatial information, generate 
shared frames of reference, and understand their knowledge 
of the world (Frith & Frith, 2007). Level-1 visual perspec-
tive taking (L1-VPT) involves tracking what another person 
can see, with the consistency of self and other perspectives 
determined by whether objects are jointly attended (Flavell 
et al., 1981; Qureshi et al., 2010). In L1-VPT, perspec-
tive calculation happens automatically (Qureshi & Monk, 
2018; Samson et al., 2010; though see Heyes, 2014), whilst 
perspective selection occurs at a later stage of processing 
(McCleery et  al., 2011) and requires inhibitory control 
(Qureshi et al., 2020). In contrast, Level-2 visuospatial per-
spective taking (L2-VSPT) represents how the world appears 

to another person, visually or spatially (Flavell et al., 1981). 
In L2-VSPT, an avatar who shares line-of-sight with the 
participant is situated at 0° and angular disparity increases 
with the avatar’s rotation away from this shared orienta-
tion (see Fig. 1). At low angular disparity (< 80°), Level-2 
visual perspectives are relatively consistent, and partici-
pants can rely on their egocentric view (Wang et al., 2016). 
With increasing angular disparity comes greater cognitive 
demand, and posture congruency effects reveal an embodied 
mental self-rotation into the position of the “other” (Kessler 
& Thomson, 2010; Surtees et al., 2013a). This embodied 
self-rotation recruits neural regions involved in processing 
socially relevant stimuli, body schema, and executive func-
tion (Seymour et al., 2018).

Recent evidence indicates that social features, such as 
group-dynamics or agent emotions, impact L1-VPT. Savit-
sky et al. (2011) and Simpson and Todd (2017) had par-
ticipants represent perspectives of in-group and out-group 
others. They postulate that an assumption of shared knowl-
edge accompanying in-group categorization produces ego-
centric interference, which increases the effort required to 
understand inconsistent perspectives of ingroup members or 
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friends compared to outgroup members or strangers. How-
ever, when perspectives are consistent, similarity or close-
ness is facilitative. Furthermore, Monk et al. (2020) studied 
VPT in the context of desire reasoning and reported that an 
agent’s emotional facial expression interacts with knowledge 
about their likes and dislikes to impact perspective represen-
tation. Taken together, findings from L1-VPT suggest that 
social cues modulate performance in simpler forms of VPT.

Similar social manipulations in the more controlled 
process of L2-VSPT have reported mixed results. Todd 
et al. (2011) found that maze completion took significantly 
longer when guiding an ingroup member, suggesting that 
less egocentric interference occurs with outgroup members, 
allowing them to understand inconsistent perspectives more 
easily. Conversely, using minimal groups,1 Ye et al. (2020) 
found facilitative effects for ingroup members, suggesting 
that dehumanization accompanying outgroup classification 
interfered with effective perspective representation. As Ye 
et al. (2020) note, differing task demands may explain these 
incongruent findings. Todd et al. (2011) involved mutual 
perspective taking where a guide represents the walker’s 
perspective and the walker interprets cues, whilst Ye and 
colleagues simply had participants represent perspectives of 

computerised avatars. As such, there is at least diminutive 
evidence that group categorization may impact L2-VSPT.

Nevertheless, when VSPT is embedded in social scenar-
ios like desire reasoning (Monk et al., 2020), spatial naviga-
tion (Todd et al., 2011), or group categorization (Savitsky 
et al., 2011; Simpson & Todd, 2017; Ye et al., 2020), it 
remains unclear whether social cue processing is charac-
teristic of perspective computation or relevant only when 
perspective taking occurs in a communicative or social con-
text. Clements-Stephens et al. (2013) hypothesize that VSPT 
is predominantly spatial irrespective of the positional-cue 
(e.g., human or arrow), but becomes increasingly social with 
agent-like cues and additional socially relevant knowledge. 
For instance, spatial cues facilitate performance on spatial 
orientation tasks specifically when they also contain agen-
tic information such as a human figure (Geer & Ganley, 
2022; Gunalp et al., 2019). Crucially, as participants are not 
required to mentalize or explicitly acknowledge social dis-
tinctions, these tasks directly examine the effect of “social” 
cues on spatial perspective processing. Thus, manipulations 
of socially relevant features need not be explicit, as the social 
function of real-world socio-cognitive processing regularly 
takes place in suboptimal circumstances (Mussweiler, 2003). 
Individuals often make social evaluations under time pres-
sure and whilst possessing little knowledge of the target 
(Mussweiler & Strack, 1999), promoting the use of acces-
sible physical characteristics (Mussweiler, 2003) such as 
gender and age (Cloutier et al., 2005; Cloutier et al., 2014; 

Fig. 1  The image below demonstrates a typical manipulation of angular disparity. Here, the avatar’s position (depicted by an empty chair) rotates 
away from the shared line of sight at 0° along an imaginary arc that borders a jointly attended target object (red cube)

1 Minimal group designs attempt to create in-group out-group 
dynamics from trivial distinctions such as colored badges or fake 
results from a task-irrelevant pre-test (Diehl, 1990).
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Macrae & Bodenhausen, 2000). Therefore, social cue effects 
need to be examined in a task that does not prime partici-
pants to focus on distinctive features, but rather presents an 
implicit examination by manipulating physically observable 
characteristics of social groups such as age and gender.

Recently advancing our understanding of social cues 
in VSPT, Ward et al. (2020) manipulated avatar gaze in a 
minimally social L2-VSPT task. The authors argued that if 
social cues are important for L2-VSPT, whether the other’s 
gaze is fixated on the stimulus should be integrated into task 
processing. Results showed that participants spontaneously 
incorporated knowledge of the other’s position regardless of 
whether their gaze was directed towards the object. Empha-
sizing the spatial processes at the heart of VSPT, Ward et al. 
(2020) concluded that the other person in L2-VSPT tasks 
functions as a spatial landmark rather than “eyes to peer 
through,” minimizing the importance of even perceptually 
relevant social cues.

Yet, avatar age does affect L1-VPT. Ferguson et al. 
(2018) used a minimally social task and found that adults 
did not automatically compute the perspectives of chil-
dren as they do for adults, with significantly weaker 
interference from an irrelevant child’s perspective when 
answering from an egocentric view. Ferguson et al. (2018) 
provided two competing explanations for this apparently 
reduced interference. First, adults do not preferentially 
select a child’s gaze as they do for other adults because of 
an own-age bias. Alternatively, given the long develop-
mental trajectory of theory-of-mind, adults may assume a 
reduced mental capacity for children and, thus, children’s 
perspectives are less salient. It therefore remains to be 
examined whether general group processes or a dimin-
ished theory-of-mind for children, or indeed other out-
group members, modulates perspective representation. 
Evidence that social comparison processes modulate 
L1-VPT performance (Ferguson et al., 2018), but percep-
tually relevant gaze cues do not in L2-VSPT (Ward et al., 
2020), raises questions about the interaction between 
social features and cognitive demand. Yet, there has been 
no previous research to explore this within L2 VPT.

Using a minimally social task, the current research 
therefore examines whether avatar age or gender differen-
tially affects simple perspective processing (low angular 
disparity judgments) or more controlled perspective pro-
cessing (high angular disparity judgments). Specifically, 
it will illuminate social and perceptual processing integra-
tion, explore the limits of avatar-characteristic influence in 
L2-VSPT, and determine whether general group process-
ing or age-dependent mentalizing explains social process-
ing effects in L2-VSPT. Gender and age were manipulated 
for three reasons. First, gender and age are easily acces-
sible physical characteristics (Cloutier et al., 2014; Mac-
rae & Bodenhausen, 2000) of day-to-day social relevance, 

rather than arbitrary or temporary group-defining char-
acteristics (Ferguson et al., 2018). Second, rather than 
priming attention towards distinctive features, the current 
study measures implicit processing of social characteris-
tics (Geer & Ganley, 2022; Gunalp et al., 2019; Gunalp 
et al., 2021). Third, manipulating gender and age helps 
distinguish the diminished awareness for children’s minds 
and general group-processing hypotheses (Ferguson et al., 
2018). Participants completed a L2-VSPT task and made 
left/right judgments about an object’s orientation from the 
perspective of male and female adults and children sat at 
varying angular rotations (45°/90°/135°).

The following hypotheses were assessed and are sum-
marized in Table 1:

1. Replicating previous findings (Kessler & Rutherford, 
2010; Kessler & Thomson, 2010; Michelon & Zacks, 
2006; Surtees et al., 2013a), it is hypothesized that par-
ticipants will be significantly quicker, and more accu-
rate, at 45° compared to 90°, and at 90° compared to 
135°.

Given the paucity of research, analyses regarding the 
interaction between agent characteristics and VSPT are 
exploratory for low and high angular disparity:

2. At low angular disparity (45°), if general group processes 
exert influence over visuospatial processing, similarity 
may be facilitative (Savitsky et al., 2011; Simpson & Todd, 
2017) and response times for same-gender adult avatars 
will be significantly quicker than for dissimilar avatars. 
Response times between other avatars, all being dissimilar 
to the self in at least one characteristic, are not expected to 
differ significantly. Alternatively, if we assume a reduced 
mental capacity for children (Ferguson et al., 2018), we 
expect a significant effect of avatar age, regardless of gen-
der, evidenced by slower response times for child avatars.

3. At higher angles (90° and 135°), if general group pro-
cesses exert influence over visuospatial processing, 
significantly different response times are hypothesized 
between same-gender adult avatars and others. Replicat-
ing previous findings (Savitsky et al., 2011; Simpson 
& Todd, 2017; Todd et al., 2011), greater egocentric 
interference for same-gender adult avatars may result 
in slower response times compared to dissimilar ava-
tars. However, it is also possible that avatar dissimilarity 
could cause interference that increases response times 
compared to same-gender adult avatars (akin to Ye et al., 
2020). Alternatively, if we assume a reduced mental 
capacity for children (Ferguson et al., 2018), irrespec-
tive of gender, we expect significantly slower response 
times for child avatars.
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Method

Participants

For linear mixed effects models, to discover an effect anal-
ogous to d = .25 with a power of .75 and 288 stimuli, a 
minimum sample size of 85 participants is required (West-
fall et al., 2014). Acknowledging that online studies may 
produce noisier data (Bridges et al., 2020) and risk poorer 
data quality, 99 participants (35 male; 62 female; one non-
binary; one undeclared) with a mean age of 29.95 (SD = 
8.76) were recruited online via opportunity sampling (n 
= 39) and Prolific Academic (n = 60) and received £3.00 
remuneration for ~20 min of their time. The experiment was 
granted ethical approval by the Departmental Research Eth-
ics Committee. Participants that did not finish the task (n = 
2), did not complete demographic information (n = 1), did 
not meet eligibility criteria (n = 1), identified as a gender 
other than male or female (n = 1), or had < 66% accuracy 
(n = 2) were excluded from further analysis. This left a total 
of 92 participants (34 men, 58 women; Mage = 30.22, SDage 
= 8.91, range = 18–63) whose data was able to be included 
in the analysis.

Stimuli

Stimuli were a series of images containing an avatar (female 
child/female adult/male child/male adult) sitting in front of, 
and looking at, a dog. Experimental stimuli are based on Sur-
tees et al. (2013a) but with realistic-looking avatars (Kessler 
& Rutherford, 2010; Kessler & Thomson, 2010; Ye et al., 
2020). Realistic stimuli were important for the distinction 
between males, females, adults, and children. Angular dis-
parity was determined by the rotation of the avatar in relation 
to the viewing position of the participant. Example stimuli are 
shown in Fig. 2. A dog was chosen because the direction the 
dog is facing is easily determined from spatial cues (for use of 
a similar focus object, see Hamilton et al., 2009). The stimuli 
were designed in the Unity game engine (Unity Technologies, 
2020) and the experiment was programmed using PsychoPy3 
(Peirce et al., 2019) and run on Pavlo via. org (Bridges et al., 
2020). Original stimuli dimensions were 1,920 × 1 080. On-
screen, stimuli height was set at 90% of the participant’s win-
dow and width was set at 1.78 × height.

Design

The study used a 2 × 2 × 3 repeated-measures design with 
avatar age (adult/child), avatar gender (same/other), and 
angular disparity (45°/90°/135°) as factors. To code the ava-
tar gender, participants who identified themselves as female Ta
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had “woman” and “girl” stimuli recoded to “same-gender” 
and “man” and “boy” stimuli recoded to “other-gender,” and 
vice versa. To provide the greatest opportunity for social pro-
cessing, the decision was made to position the avatar centrally 
for maximum saliency (Fig. 1). The avatars were rotated at 
45°, 90°, or 135° to the left or right, which was later collapsed 
across left/right for fixed-effects analysis; original stimuli 
information was retained for inclusion as a random effect.

Procedure

Participants were provided with study information and 
informed consent on Qualtrics (Qualtrics, Provo, UT, USA) 

and, after agreeing to participate, they were redirected to the 
task on Pavlo via. org (Bridges et al., 2020). Participants com-
pleted 12 practice trials (one for each condition) before com-
pleting 288 experimental trials split across six blocks of 48 
trials (24 trials per condition). Participants were instructed 
to take the avatar’s perspective on all trials and make spa-
tial (left or right) judgments about a dog’s orientation using 
the corresponding directional key. Specifically, participants 
were told that they will be presented with images of ava-
tars looking at a dog standing on a table and that they must 
respond to the question “From the avatar’s view, which 
direction is the dog facing?” This instruction was presented 
at the beginning of the experiment and restated during the 
breaks. Participants were instructed to press ‘Q’ if the dog 
was facing left, or ‘P’ if the dog was facing right. On each 
trial a fixation cross was presented for a randomised duration 
between 1,500 and 2,500 ms. The experimental stimuli were 
then presented until the participant made a response. In total, 
the task took ~20 min to complete.

Online data quality

To facilitate good quality data, participants recruited from 
Prolific Academic had declared themselves as fluent speak-
ers of English, completed at least ten prior studies, and had 
100% approval ratings. The number of trials per condition 
was maximized to account for the expected variability from 
collecting data online whilst keeping block duration (~3 min) 
and overall participation time (~20 min) brief to facilitate 
attention (Sauter et al., 2020). Mean accuracy was high in all 
conditions (all >.95) and only two participants were removed 
for having accuracy below 66%. Trial loss because of response 
times ±2.5 SD than individual condition means was 5.83%, 
with similar lab-based studies reporting analogous data loss 
of 3.1% (Surtees et al., 2013a), or between 2.81% and 3.65%, 
depending on condition (Surtees et al., 2013b).

Results

Analyses were conducted using lme4 (Bates et al., 2015) for 
R (R Core Team, 2017). Factors of angle (45°/90°/135°), 
avatar gender (man/woman) and age (child/adult) were 
entered into a linear mixed effects model for response times 
and mixed-effect logistic regression for accuracy. Random 
intercepts were included to control for variation across indi-
viduals and stimuli, reducing the potential for type 1 error 
that can arise if they are treated as fixed (Barr, 2013; Barr 
et al., 2013).2 Including random slopes for condition effects 
(as per Barr et al., 2013) led to model non-convergence and, 
thus, they were not included in the final models. See Online 
Supplementary Materials (OSM) for model comparisons. 
As comparing low angular disparity (45°) to higher angles 

Fig. 2  Example stimuli including female adults and children (left col-
umn) and male adults and children (right column). Each row of four 
pictures represents a specific angular disparity (left-rotation direction 
placed above right-rotation directions). Correct responses to object 
direction also specified with “Left” responses in the left-hand column 
and “Right” responses in the right-hand column

http://pavlovia.org
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(90° and 135°) was of interest, angle was treatment coded 
to compare each higher angle to the baseline of 45°. Alter-
natively, for age and gender variables with only two levels, 
contrast coding was used.

Accuracy

Analyses found a fixed effect of 90° approaching the typical 
significance threshold (OR = 0.57, p = .05) and a significant 
fixed effect of 135° (OR = 0.15, p < .001). Further analysis 
confirmed significantly less accuracy at 135° (M = 0.95, 
SD = 0.21) compared to 90°, OR = 5.24, p < .001. No other 
fixed effects or interactions were significant (all ps > .19; see 
Table 2 and Fig. 3 for full results).

Response times (accurate trials only)

Analyses found significant fixed effects of 90° (β = .08, t = 
4.21, p < .001) and 135° (β = 0.28, t = 15.36, p < .001). No 

fixed effects of age or gender reached significance (both ps 
> .07). However, there was a significant interaction between 
age and gender, β = -0.02, t = -2.06, p = .04. Figure 4 shows 
the interaction is likely driven by slower response times for 
child versus adult avatars when they are the same gender as 
participants. However, coefficient confidence intervals cross 
zero so the interaction should be interpreted cautiously. No 
other interactions reached significance (see Table 3 for full 
results).

Discussion

Previous research suggests that social features affect VSPT 
task performance, but confounded measures mean it is dif-
ficult to disentangle whether social cues impact fundamental 
perspective computation or the communicative and social 
elements of tasks. Furthermore, despite growing emphasis 
on agent characteristics in L1-VPT (visibility judgments), 
little attention has been given to L2-VSPT (how the world 
appears). Accordingly, this study is the first to use a mini-
mally social task to explore the effects of agent characteris-
tics in L2-VSPT. Results suggest that implicit processing of 
avatar age modulates response times only for same-gender 
avatars. Explanations address how social processing may be 
incorporated into L2-VSPT, provide support for the general 
group processing hypothesis rather than a diminished sali-
ence of children’s minds, and help determine the limits of 
avatar-characteristic effects.

The significant fixed effect of angle found for accuracy 
and response times replicates a considerable amount of pre-
vious work that suggests that cognitive effort increases with 
increasing angular disparity and, thus, accuracy decreases, 
and response times increase (Kessler & Rutherford, 2010; 
Kessler & Thomson, 2010; Michelon & Zacks, 2006; Sur-
tees et al., 2013a). Replicating well-established findings 
suggests adequate sensitivity to detect experimental effects 
in an online task, increasing confidence that Type 2 errors 
are unlikely.

To understand how social processing integrates with 
VSPT, it was hypothesized that avatar characteristics may 
have differentially affected the distinct processing at lower 
and higher angular disparities. At low angles, participants 
can represent an agent’s visual perspectives using their ego-
centric reference frame (Wang et al., 2016), but high angular 
disparity judgments involve a mental self-rotation into the 
other’s position (Kessler & Thomson, 2010). Clements-
Stephens et al. (2013) proposed that the initial processing 
in L2-VSPT involves embodying the spatial position, with 
consideration of social attributes coming after. The cross-
angle age-gender interaction reported indicates that implicit 
processing of defining physical characteristics exerts influ-
ence regardless of perspective representation strategy. The 

Table 2  Mixed effect logistic regression on accuracy data for angle × 
avatar age × avatar gender

Odds ratio 95% CI p

Fixed effect: Angle
  Baseline: 45°
    90° 0.57 0.31–1.02 0.05
    135° 0.15 0.11–0.24 <0.001

Fixed effect: Avatar age
  Baseline: Adult
    Child 0.80 0.38–1.53 0.48

Fixed effect: Avatar gender
  Baseline: Same gender
    Other gender 1.05 0.56–1.97 0.87

Interaction: Angle × Avatar age
  Baseline: 45°/Child
    90° × Adult 1.13 0.51–2.51 0.76
    135° × Adult 1.58 0.78–3.28 0.19

Interaction: Angle × Avatar gender
  Baseline: 45°/Same gender
    90° × Other gender 0.92 0.42–2.02 0.82
    135° × Other gender 1.25 1.09–1.93 0.52

Interaction: Avatar age × Avatar gender
  Baseline: Adult/Same gender
    Child × Other gender 1.19 0.50–2.83 0.69

Interaction: Angle × Avatar age × Avatar gender
  Baseline: 45°/Adult/Same gender
    90° × Child × Other-

gender
0.88 0.29–2.61 0.81

    135° × Child × Other-
gender

0.74 0.28–1.94 0.52

    (Intercept) 214.15 127.35–382.07 <0.001
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absence of differential effects is unsurprising if we consider 
that “others” in visuospatial tasks are predominantly used 
as landmarks to rotate the self-referential frame towards, 
rather than “seeing through their eyes” per se (Gunalp et al., 
2019; Ward et al., 2020). Furthermore, the fundamental spa-
tial processes key to VSPT may not be tightly integrated 
with networks incorporating socially relevant information, 
as these processes have only been repurposed for social 
functioning evolutionarily later (Kessler & Thomson, 2010; 
Ward et al., 2019). Therefore, supporting Clements-Stephens 
et al.’s (2013) proposition, our cross-angle interaction may 
indicate that only once the fundamental spatial processing 
is complete does social processing exert its limited effect.

Regarding the specific social processing occurring during 
perspective representation, Ferguson et al. (2018) reported 
two competing explanations for age-of-avatar effects in 
L1-VPT: either the saliency of children’s perspectives was 
reduced by general group categorization or adults assume a 

diminished mental capacity for children. Had gender not been 
manipulated, the slower response times reported for same-
gender children could have supported the diminished mental 
capacity hypothesis in L2-VSPT. However, as we found no 
analogous effect on response times for other-gender children, 
the results support a general group processing hypothesis.

It is important to note that our results represent more com-
plex categorization processes than have been reported in pre-
vious literature where simple group categorization modulates 
interference or facilitation (Savitsky et al., 2011; Todd et al., 
2017; Ye et al., 2020). If all avatars that were dissimilar to the 
self in at least one characteristic were simply categorized as 
“outgroup,” then we would expect similar patterns for other-
gender avatars as for same-gender children, which we do not 
see. Although not significant, response times for other-gen-
der adults and children were slower than same-gender adults 
but quicker than same-gender children. Speculatively, when 
adults perceived other-gender adults, we suggest that outgroup 

Table 3  Linear mixed effects model on response times for Angle × Avatar Age × Avatar Gender

Coefficients 95% CI t-value p

Fixed effect: Angle
  Baseline: 45°
    90° 0.08 0.04–0.11 4.21 <0.001
    135° 0.28 0.24–0.31 15.36 <0.001

Fixed effect: Avatar age
  Baseline: Adult
    Child 0.02 -0.01–0.06 1.34 0.18

Fixed effect: Avatar gender
  Baseline: Same gender
    Other gender 0.02 -0.001–0.03 1.80 0.07

Interaction: Angle × Avatar age
  Baseline: 45°/Child
    90° × Adult -0.01 -0.06–0.04 -0.42 0.67
    135° × Adult -0.01 -0.07–0.04 -0.58 0.57

Interaction: Angle × Avatar gender
  Baseline: 45°/Same gender
    90° × Other gender -0.01 -0.03–0.01 -0.75 0.45
    135° × Other gender -0.02 -0.05–0.001 -1.82 0.07

Interaction: Avatar age × Avatar gender
  Baseline: Adult/Same gender
    Child × Other gender -0.02 -0.05–0.001 -2.06 0.04

Interaction: Angle × Avatar age × Avatar gender
  Baseline: 45°/Adult /Same gender
    90° × Child × Other gender 0.01 -0.02–0.04 0.58 0.56
    135° × Child × Other gender 0.03 -0.001–0.06 1.85 0.06
    (Intercept) 0.80 0.75–0.85 34.73 <0.001

Random effects Estimate SD
  Participant 0.03 0.19
  Stimulus <0.01 0.03
  Residual 0.07 0.26
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classification was immediately determined by gender, with 
age not being as functionally relevant (Cloutier et al., 2014; 
Fitousi, 2017). Alternatively, when adults perceived other-
gender child avatars, out-group categorization began with age 
and was reinforced with gender (Cloutier et al., 2014). Using 
this rationale, same-gender children were classified immedi-
ately as “other” based on age, but the same-gender classifi-
cation introduced greater complexity. Therefore, modulation 
of response times to same-gendered avatars was significant 
across angles because of marginal facilitation of similarity and 
marginal interference of categorization complexity, relative to 
simpler outgroup categorization. Considering the competing 
explanations from Ferguson et al. (2018), for L2-VSPT, effects 
of avatar characteristics derive from general group classifi-
cation rather than an assumed reduced mental capacity for 
children.

The current findings also raise methodological ques-
tions for how best to measure social perspective taking. The 
absolute differences in response times between avatars were 
minimal and the effects of social cues, compared to spatial 
cues like angle, were small. Previous research that has found 
larger group-related effects embedded VSPT in social con-
texts that explicitly relate to the target agents (Todd et al., 
2011; Ye et al., 2020). For example, communicative tasks 
(Savitsky et al., 2011) indicate a “mind to be known,” evok-
ing theory-of-mind, and tasks pre-testing to allocate groups 
(Ye et al., 2020) suggest avatar similarity and differences 
are important considerations. Furthermore, Tarampi et al. 
(2016) found that framing spatial orientation tasks as meas-
uring empathy instead of spatial skills significantly improved 
female performance. Thus, our results suggest that when 
visuospatial representation is embedded in a social context, 
the salience of social cues is amplified, increasing the influ-
ence of group processes over perspective representation. 
This highlights the usefulness of minimally social tasks to 
understand how isolated social variables interact with visu-
ospatial computations (Ferguson et al., 2018; Geer & Gan-
ley, 2022; Gunalp et al., 2021; Ward et al., 2020) and has 
important implications for the validity of social inferences 
depending on the inclusion of, and interaction between, 
social features in L2-VSPT tasks.

Limitations

The spatial responses required may have primed participants 
towards spatial processing. Imagining a contrasting visual 
scene may instead focus attention on “seeing through their 
eyes.” Future research could explore whether avatar charac-
teristics affect visual and spatial perspective taking differ-
ently (see Surtees et al., 2013b). Furthermore, the current 
task could not examine how avatar characteristics affected 
egocentric judgments as the interaction between social 

processing and angular disparity was of particular interest. 
Pragmatically, it was imperative to keep task duration short, 
retain an adequate number of stimuli per condition, and not 
further complicate the factor structure. A task that permits 
“self-versus-other” contrasts could further our understanding 
of spontaneous perspective taking in Level-1 (Ferguson et al., 
2018) and Level-2 (Ward et al., 2019). As is typical in VPT, 
low error rates meant accuracy analysis was of little infer-
ential use (Michelon & Zacks, 2006; Surtees et al., 2013a, 
2013b). Future tasks could increase complexity by includ-
ing unfamiliar objects, more orientations, or both. Moreover, 
considering large effects may be robust to increased response 
time variability in online testing but effects of social manipu-
lations are small, lab-based research using implicit measure-
ments such as eye-tracking would be useful.

Conclusion

The current findings offer three important insights. First, they 
provide further evidence that social features in VSPT may be 
processed separately from fundamental spatial computations. 
Second, they indicate that general group categorization, rather 
than diminished mentalizing about children, affects L2-VSPT. 
Third, they highlight the significant role of context in ampli-
fying social processing effects. These insights suggest that 
despite the fundamentally spatial computations required, 
while social context magnifies the salience of social cues, 
implicit processing of group-defining characteristics occurs 
even during minimally social perspective representation.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 3758/ s13423- 023- 02249-7.
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