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Abstract
The present study designed three experiments to investigate the spontaneous
manifestation of first-level visual perspective-taking in multi-object scenarios.
Experiment 1 adapted the classic perspective-taking task paradigm and verified
that the process of first-level visual perspective-taking can occur spontaneously.
Experiment 2 introduced an additional virtual agent, and the results revealed
that in the presence of multiple agents, particularly when judging from the
self-perspective, consistency in the number of objects seen by the virtual agent
would produce a group perspective effect, influencing task performance. Exper-
iment 3 set the number of objects seen by the virtual agent to be inconsistent,
demonstrating that consistency in gaze direction between agents also captures
participants’ attention, generating differential effects under self-perspective and
other-perspective conditions. In summary, in multi-object scenarios, regard-
less of whether that perspective is the target perspective, humans highly flexi-
bly and spontaneously adopt others’ perspectives; this process is influenced by
the tripartite relationship among ‘self-target agent-irrelevant agent,’ exhibiting
context-specific manifestations.
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This study designed three experiments to investigate the spontaneous manifesta-
tion of Level-1 visual perspective taking in multi-avatar contexts. Experiment
1 adapted the classic perspective-taking task paradigm to verify that Level-1
visual perspective taking can occur spontaneously. Experiment 2 added an ad-
ditional avatar and found that in the presence of multiple avatars, particularly
when judging from the self-perspective, consistency in the number of objects
seen by the avatars produced a group-perspective effect that influenced task
performance. Experiment 3 fixed the number of objects seen by the avatars
as inconsistent and demonstrated that consistency in the line of sight between
avatars also captured participants’ attention, exerting differential effects under
self-perspective and other-perspective conditions. In summary, in multi-avatar
contexts, individuals spontaneously and flexibly compute others’ perspectives
regardless of whether those perspectives are task-relevant. This process is influ-
enced by the relationship among the “self-target avatar-irrelevant avatar” triad,
exhibiting context-specific patterns.

Keywords: Level-1 visual perspective taking, spontaneity, multiple avatars,
egocentric intrusion, altercentric intrusion

Classification Code: B842

Introduction
In human social interaction, reducing ambiguity in communication often re-
quires us to understand others by putting ourselves in their shoes, inferring
and predicting their mental states (such as beliefs, attitudes, intentions, and
desires) based on their actions and expressions (Samson et al., 2010). Perspec-
tive taking serves as a cornerstone of social and spatial interaction, playing an
increasingly vital role in our communication with others, such as in empathizing
with them (Shao Yuting et al., 2020). Zhang Wenxin (1998) synthesized var-
ious definitions, conceptualizing perspective taking as the ability to represent
what others see and accurately infer their perspectives or viewpoints based on
distinguishing one’s own perspective from that of others (Surtees et al., 2013a,
2013b). Its essential characteristic lies in decentering at the cognitive level—
being aware of potential differences between self and other perspectives and
viewing issues from others’ standpoints to achieve accurate understanding and
prediction. Researchers have categorized perspective taking into social perspec-
tive taking, spatial perspective taking, and visual perspective taking according
to the nature of the objects and targets involved (Surtees et al., 2013a).

Visual perspective taking constitutes a fundamental element of human social
cognition, reflecting the capacity to perceive others’ mental states and thus
considered a low-level mechanism of the theory-of-mind system (Apperly &
Butterfill, 2009; Schurz et al., 2015). Numerous studies on children and non-
human animals indicate that visual perspective taking is not a unitary ability
but can be divided into Level-1 and Level-2 visual perspective taking (Flavell et
al., 1981). Level-1 visual perspective taking involves understanding what others
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see—that is, judging what objects others can see (What)—and comprehending
that due to occlusion, oneself and others may not see the same objects. Level-2
visual perspective taking entails a more complex judgment of how others see
the world (How), understanding that objects visible to both self and other can
produce different visual impressions and experiences under different viewing
conditions (Zuo Tingting & Hu Qingfen, 2019; Flavell et al., 1981; Kessler &
Rutherford, 2010; Surtees et al., 2013b).

Traditional theory-of-mind perspectives posit that perspective taking is a rel-
atively slow, cognitively demanding complex process that is non-spontaneous
(Apperly, 2010; Apperly & Robinson, 2003; Gopnik & Meltzoff, 1998). In con-
trast, recent researchers tend to view the process of adopting others’ perspec-
tives as spontaneous and rapid, though these operations can be influenced by
intention, attention, or other factors (O’Grady et al., 2020; Westra, 2017).

The dot-perspective task, developed by Samson et al. (2010), is commonly em-
ployed to investigate the spontaneity of Level-1 visual perspective taking. In this
paradigm, stimuli consist of scene images featuring an avatar standing in a vir-
tual room, facing either the left or right wall, with 0–3 red dots distributed across
both walls. Participants must judge whether the number of dots matches a pre-
viously presented numerical cue from a prompted perspective (self or other).
Results revealed longer reaction times and higher error rates when the number
of dots seen by the participant and the avatar was inconsistent compared to
consistent trials, demonstrating a consistency effect. Samson et al. argued that
perspectives irrelevant to the judgment task interfered with the decision process,
producing differential outcomes between consistent and inconsistent conditions.
When the participant’s own perspective conflicted with the avatar’s, judgments
of the avatar’s perspective suffered from egocentric intrusion—the spontaneous
activation of one’s own perspective when judging others’. Conversely, judgments
of one’s own perspective experienced altercentric intrusion—the spontaneous ac-
tivation of the avatar’s perspective when judging the self (Wu Menghui et al.,
2022). This paradigm has since been widely adopted in research on the spon-
taneity of visual perspective taking, with its conclusions receiving increasing
support from scholars (Qureshi et al., 2010; Santiesteban et al., 2014; Surtees
& Apperly, 2012).

Researchers in the field of perspective-taking spontaneity mechanisms frequently
employ two theoretical frameworks for explanation: implicit mentalizing and
submentalizing (Pan Wei et al., 2017; Santiesteban et al., 2014). Implicit men-
talizing, also known as implicit theory of mind, posits that infants, children,
and adults possess an innate capacity to think about others’ mental states,
with mental representations of individuals being unconscious and spontaneously
generated rather than controlled processes (Cole et al., 2017; Heyes, 2014). Sub-
mentalizing, in contrast, represents a facilitation of general cognitive processes
(such as attention, spatial cognition, and memory) that does not involve thinking
about mental states but stimulates mentalizing in social contexts. Both posi-
tions have accumulated substantial evidence yet remain unable to refute each

chinarxiv.org/items/chinaxiv-202312.00068 Machine Translation

https://chinarxiv.org/items/chinaxiv-202312.00068


other. Consequently, Capozzi and Ristic (2020) proposed an integrated mecha-
nism: submentalizing (e.g., gaze direction, orientation) and implicit mentalizing
(e.g., intention, interest) can operate simultaneously and independently, with
domain-general cognitive activities having limited explanatory power for social
cognitive processes when considered alone, and implicit mentalizing serving as
a supplement and modulation of their social significance.

To this end, this study designed three experiments to investigate the sponta-
neous manifestation of Level-1 visual perspective taking when two perspective-
taking targets are present, compared with previous classic research, and to pro-
vide tentative explanations for the underlying mechanisms. The classic dot-
perspective task paradigm (Samson et al., 2010) is better suited for scenarios
with fewer avatars or relatively uniform dot counts across avatars (e.g., Capozzi
et al., 2014). Given the numerous condition variations in the present research,
we adapted the partitioned-room scene developed by Mattan et al. (2015). In
their study, a room divided by several walls contained two avatars facing away
from participants, wearing different colored clothes to represent self and other
perspectives while oriented toward different walls. Results showed that when
the target perspective was the self-representing avatar, participants tended to
prioritize the self-related perspective over the other (irrelevant) perspective,
supporting the self-prioritization effect hypothesis. Although this experiment
differed from our research focus on spontaneity in multi-avatar visual perspec-
tive taking and its procedure diverged from the classic task (Samson et al.,
2010), its scene configuration aligned perfectly with our intended presentation.
Moreover, the number of avatars could be adjusted to one or two according to
research purposes, providing a suitable paradigm reference. Additionally, the
avatars in this paradigm always maintained a perspective equivalent to partic-
ipants, gazing at distant walls, thereby eliminating potential confounds from
visuospatial transformation or mental rotation—making it appropriate for our
investigation.

Therefore, Experiment 1 adapted this paradigm for validation purposes, explor-
ing whether individuals spontaneously adopt others’ perspectives in the presence
of a single avatar within the new scene configuration, with results serving as a
baseline for subsequent studies. Building upon a viable paradigm from Experi-
ment 1, Experiment 2 introduced an additional avatar to examine how different
avatars’ perspectives influence perspective-taking spontaneity in a two-avatar
context. Experiment 3 further investigated whether multiple avatars’ gaze di-
rections affect the spontaneous generation of perspective taking based on Experi-
ment 2. We hypothesized that: (1) in the adapted paradigm with a single avatar
present, Level-1 visual perspective taking would occur spontaneously, consistent
with previous classic research; (2) with multiple avatars present, Level-1 visual
perspective taking would remain spontaneous, and consistency in the number
of objects seen by avatars would produce cognitive facilitation, thereby promot-
ing this spontaneous generation; and (3) even when avatars saw inconsistent
numbers of objects, Level-1 visual perspective taking would still occur sponta-
neously, with line-of-sight consistency serving as an important attentional cue
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that would exert influence to some extent.

Experiment 1
Method

Participants We used G*Power 3.1 to estimate the required sample size (𝛼
= 0.05, 1–𝛽 = 0.90, effect size f = 0.25), which yielded 30 participants. The ex-
periment ultimately recruited 32 university students (16 male, 16 female) with
normal or corrected-to-normal vision. All three experiments in this study were
approved by the university’s biomedical research ethics committee (approval
number NNU202106018), and all participants voluntarily signed informed con-
sent forms prior to participation.

Design This experiment employed a 2 (judgment perspective: self, other) × 2
(self-other object consistency: consistent, inconsistent) within-subjects design.
Judgment perspective referred to whether participants judged from their own
perspective or the avatar’s perspective. Self-other object consistency indicated
whether the number of black dots seen by the participant and the avatar was
consistent. The dependent variables were accuracy and correct response time.

Apparatus and Stimuli The experimental apparatus consisted of a 20-inch
Lenovo computer monitor with a resolution of 1920$×$1080 pixels and a re-
fresh rate of 60 Hz. The experimental program was written in E-Prime 2.0.
The stimulus images are illustrated in Figure 1 [Figure 1: see original paper].
The virtual room in the images was modeled using 3D Max software, following
the design of Mattan et al. (2015, Experiment 1). The room comprised three
exterior walls (left wall, right wall, back wall) and two interior partition walls,
dividing the space into three sections. Black dots were positioned at the middle
horizontal level of the back wall. To ensure rapid and effortless counting by
participants, the number of dots presented never exceeded three per trial (Trick
& Pylyshyn, 1994). The avatar, dressed in blue, appeared randomly at either
the left or right interior partition wall. Due to the partition walls and head
orientation constraints, the avatar could only see dots on the wall it faced. Par-
ticipants viewed the scene from a 45° overhead angle facing the screen, enabling
them to observe from both their own perspective and the avatar’s perspective
simultaneously.

Procedure Figure 1 shows example stimuli from Experiment 1 (a: self-other
object consistent; b: self-other object inconsistent). The experimental procedure
is illustrated in Figure 2 [Figure 2: see original paper], with details following
the protocol of Samson et al. (2010, Experiment 1). Each trial began with a red
fixation cross “+” presented at the center of the screen for 750 ms. Following
a 500 ms blank screen, the Chinese character “你” (you) or “他” (he) appeared
for 750 ms, instructing participants to judge from their own perspective or the
avatar’s perspective. After another 500 ms blank screen, a numerical cue (0–3)
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indicating the number of black dots was presented for 750 ms. Following a final
500 ms blank screen, the virtual room image appeared. Participants then had to
judge whether the number of dots seen from the specified perspective matched
the previously presented numerical cue, pressing the “F” key for matches and
the “J” key for non-matches (e.g., as shown in Figure 2, three dots were visible
from the “you” perspective—i.e., the participant’s perspective—while two dots
were visible from the “he” perspective). Participants were required to respond
within 2000 ms; otherwise, the trial automatically advanced to the next one.

After reading the instructions, participants entered a practice phase consisting
of 8 trials with correctness feedback provided after each trial. Participants pro-
ceeded to the formal experiment only after fully understanding the task rules;
otherwise, they repeated the practice phase. Participants were instructed to re-
spond as quickly as possible while maintaining accuracy. The formal experiment
comprised 200 test trials, including 96 match trials and 96 non-match trials (48
trials each from self/avatar perspective), plus 8 filler trials. The experiment
was divided into four blocks of 50 trials each, with each block containing 48
test trials and 2 filler trials. The trial order within each block was arranged to
prevent three consecutive trials of the same type. In half of the trials, the num-
ber of dots seen by the avatar was consistent with that seen by the participant
(self-other object consistent condition), while in the other half, these numbers
were inconsistent (self-other object inconsistent condition). Additionally, the
avatar’s orientation, position, presentation frequency of numerical cues (0–3),
and key-response mapping were all counterbalanced across the experiment.

Data Analysis We conducted repeated-measures ANOVA on the experimen-
tal data using SPSS 25.0. Only response time data from correct responses to
stimulus images were included in the statistical analysis; response times from
incorrect responses and filler trials were excluded.

Results and Analysis

Participants’ mean accuracy across all stimulus images was 93.85%, with a mean
correct response time of 768.49 ms. A correlation analysis between accuracy and
response time across all participants yielded a Pearson correlation coefficient of
0.09 (p = 0.63 > 0.05), indicating no correlation between speed and accuracy
during the experiment and thus no speed-accuracy tradeoff. The mean accuracy
and correct response times for the 32 participants across different conditions are
presented in Table 1 .

A 2$×2𝑟𝑒𝑝𝑒𝑎𝑡𝑒𝑑 − 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑠𝐴𝑁𝑂𝑉 𝐴𝑜𝑛𝑎𝑐𝑐𝑢𝑟𝑎𝑐𝑦𝑦𝑖𝑒𝑙𝑑𝑒𝑑𝑡ℎ𝑒𝑓𝑜𝑙𝑙𝑜𝑤𝑖𝑛𝑔𝑟𝑒𝑠𝑢𝑙𝑡𝑠 ∶
(1)𝑇 ℎ𝑒𝑚𝑎𝑖𝑛𝑒𝑓𝑓𝑒𝑐𝑡𝑜𝑓𝑗𝑢𝑑𝑔𝑚𝑒𝑛𝑡𝑝𝑒𝑟𝑠𝑝𝑒𝑐𝑡𝑖𝑣𝑒𝑤𝑎𝑠𝑛𝑜𝑡𝑠𝑖𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑛𝑡, 𝐹 (1, 31) =
0.01, 𝑝 = 0.93.(2)𝑇 ℎ𝑒𝑚𝑎𝑖𝑛𝑒𝑓𝑓𝑒𝑐𝑡𝑜𝑓𝑠𝑒𝑙𝑓−𝑜𝑡ℎ𝑒𝑟𝑜𝑏𝑗𝑒𝑐𝑡𝑐𝑜𝑛𝑠𝑖𝑠𝑡𝑒𝑛𝑐𝑦𝑤𝑎𝑠𝑠𝑖𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑛𝑡, 𝐹 (1, 31) =
32.31, 𝑝 < 0.001, 𝜂𝑝^{2}$ = 0.51, 95% CI = [0.03, 0.07], with higher accuracy
in the self-other object consistent condition (M = 0.97, SE = 0.01) than in the
inconsistent condition (M = 0.92, SE = 0.01). (3) The interaction between

chinarxiv.org/items/chinaxiv-202312.00068 Machine Translation

https://chinarxiv.org/items/chinaxiv-202312.00068


judgment perspective and self-other object consistency was not significant, F(1,
31) = 0.12, p = 0.93.

A 2$×2𝑟𝑒𝑝𝑒𝑎𝑡𝑒𝑑 − 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑠𝐴𝑁𝑂𝑉 𝐴𝑜𝑛𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑟𝑒𝑠𝑝𝑜𝑛𝑠𝑒𝑡𝑖𝑚𝑒𝑠𝑟𝑒𝑣𝑒𝑎𝑙𝑒𝑑 ∶
(1)𝐴𝑠𝑖𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑛𝑡𝑚𝑎𝑖𝑛𝑒𝑓𝑓𝑒𝑐𝑡𝑜𝑓𝑗𝑢𝑑𝑔𝑚𝑒𝑛𝑡𝑝𝑒𝑟𝑠𝑝𝑒𝑐𝑡𝑖𝑣𝑒, 𝐹 (1, 31) = 53.83, 𝑝 <
0.001, 𝜂𝑝^{2}$ = 0.64, 95% CI = [–91.45, –51.66], with shorter correct response
times when judging from the self-perspective (M = 732.72 ms, SE = 29.01
ms) than from the other-perspective (M = 804.27 ms, SE = 29.24 ms). (2)
A significant main effect of self-other object consistency, F(1, 31) = 96.09, p
< 0.001, �p2 = 0.76, 95% CI = [–80.78, –52.96], with faster correct response
times in the self-other object consistent condition (M = 735.06 ms, SE = 27.38
ms) than in the inconsistent condition (M = 801.93 ms, SE = 30.38 ms). (3)
A significant interaction between judgment perspective and self-other object
consistency, F(1, 31) = 42.86, p < 0.001, �p2 = 0.58.

Simple effects analysis indicated that in the self-judgment perspective condi-
tion, correct response times were significantly shorter when self-other object
consistency was present (M = 715.49 ms, SE = 27.87 ms) than when it was
absent (M = 749.94 ms, SE = 30.72 ms), F(1, 31) = 16.12, p < 0.001. In the
other-judgment perspective condition, correct response times were also signifi-
cantly shorter under self-other object consistency (M = 754.62 ms, SE = 27.72
ms) than under inconsistency (M = 853.92 ms, SE = 31.24 ms), F(1, 31) =
143.93, p < 0.001. However, the regression slope of self-other object consistency
affecting correct response time was steeper in the other-judgment perspective
condition, as illustrated in Figure 3 [Figure 3: see original paper].

Discussion

Figure 3 shows correct response times under self-other object consistency con-
ditions. The results of this experiment demonstrate significant main effects of
self-other object consistency on both accuracy and correct response time, repli-
cating the “consistency effect” found in Samson et al.’s (2010) study. Whether
judging from self- or other-perspective, participants showed lower accuracy and
slower response times when the number of black dots they saw was inconsis-
tent with what the avatar saw, compared to consistent trials. This indicates
that participants found it difficult to ignore irrelevant perspectives, and incon-
sistency with the avatar’s visual objects interfered with their judgments. More-
over, both perspectives were spontaneously activated at an implicit level: when
participants judged from their own perspective, the avatar’s perspective was
spontaneously activated, producing altercentric intrusion; when judging from
the avatar’s perspective, participants’ own perspective was spontaneously acti-
vated, producing egocentric intrusion. The new paradigm’s results indicate that
Level-1 visual perspective taking can occur spontaneously with a single avatar
present, validating the paradigm’s effectiveness. This new paradigm enables
subsequent experiments to explore the spontaneity of Level-1 visual perspec-
tive taking with multiple avatars. Experiment 2 will build upon this by adding
another avatar for further investigation.
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Experiment 2
Method

Participants Using G*Power 3.1 to estimate sample size (𝛼 = 0.05, 1–𝛽 =
0.90, effect size f = 0.25) yielded 20 participants. The experiment ultimately
recruited 34 undergraduate and master’s students from the Nanjing area (17
male, 17 female) with normal or corrected-to-normal vision.

Design This experiment used a 2 (judgment perspective: self, Avatar A) ×
2 (self-other object consistency: consistent, inconsistent) × 2 (other-other ob-
ject consistency: consistent, inconsistent) within-subjects design. Other-other
object consistency referred to whether the number of black dots seen from the
perspectives of the two avatars—target avatar (A) and irrelevant avatar (B)—
was consistent. The dependent variables were accuracy and correct response
time.

Apparatus and Procedure The apparatus and procedure were identical to
Experiment 1. The stimulus images for Experiment 2 are shown in Figure 4 [Fig-
ure 4: see original paper]. The room scene and avatar configurations remained
consistent with Experiment 1. Building upon Experiment 1’s scene, Experi-
ment 2 added an additional avatar, resulting in stimulus images containing two
avatars. To correspond with and distinguish from the judgment perspective cue
“you,” we assigned Chinese character labels “甲” (A) and “乙” (B) to the two
avatars. To prevent participants from distinguishing A and B through other
means, we controlled for these extraneous variables: Avatars A and B appeared
at the left and right interior partition walls in random positions, both wore
identical blue clothing, ensuring participants could only differentiate them by
their character labels.

Figure 4 [Figure 4: see original paper] shows example stimuli from Experiment
2 (the top row depicts self-other object consistent conditions; the bottom row
depicts self-other object inconsistent conditions; the left column shows other-
other object consistent conditions; the right column shows other-other object
inconsistent conditions).

The experimental procedure and detailed settings were essentially the same as
Experiment 1, except that the Chinese characters changed from “你” or “他” to
“你” or “甲,” instructing participants to judge from either their own perspective
or Avatar A’s perspective. The data analysis method was identical to Experi-
ment 1.

Results and Analysis

Participants’ mean accuracy across all stimulus images was 93.29%, with a mean
correct response time of 875.31 ms. A correlation analysis between accuracy and
response time across all participants revealed a Pearson correlation coefficient of
–0.15 (p = 0.46 > 0.05), indicating no speed-accuracy tradeoff in the experiment.
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The accuracy and correct response times for the 34 participants across different
conditions are presented in Table 2 .

A 2$×2×2𝑟𝑒𝑝𝑒𝑎𝑡𝑒𝑑−𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑠𝐴𝑁𝑂𝑉 𝐴𝑜𝑛𝑎𝑐𝑐𝑢𝑟𝑎𝑐𝑦𝑟𝑒𝑣𝑒𝑎𝑙𝑒𝑑 ∶ (1)𝐴𝑠𝑖𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑛𝑡𝑚𝑎𝑖𝑛𝑒𝑓𝑓𝑒𝑐𝑡𝑜𝑓𝑗𝑢𝑑𝑔𝑚𝑒𝑛𝑡𝑝𝑒𝑟𝑠𝑝𝑒𝑐𝑡𝑖𝑣𝑒, 𝐹 (1, 33) =
13.18, 𝑝 < 0.01, 𝜂𝑝^{2}$ = 0.29, 95% CI = [0.02, 0.06], with higher accuracy
when judging from the self-perspective (M = 0.95, SE = 0.01) than from the
other-perspective (M = 0.91, SE = 0.01). (2) A significant main effect of
self-other object consistency, F(1, 33) = 25.10, p < 0.001, �p2 = 0.43, 95% CI
= [0.03, 0.07], with higher accuracy in the self-other object consistent condition
(M = 0.96, SE < 0.01) than in the inconsistent condition (M = 0.91, SE =
0.01). (3) The main effect of other-other object consistency was not significant,
F(1, 33) = 0.53, p = 0.47. (4) A significant interaction between judgment
perspective and self-other object consistency, F(1, 33) = 10.80, p < 0.01, �p2

= 0.25. When judging from the other-perspective, accuracy was significantly
higher under self-other object consistency (M = 0.96, SE = 0.01) than under
inconsistency (M = 0.87, SE = 0.02), F(1, 33) = 21.34, p < 0.001; however,
no significant difference emerged when judging from the self-perspective, F(1,
33) = 2.60, p = 0.12. (5) The interaction between judgment perspective and
other-other object consistency was not significant, F(1, 33) = 3.24, p = 0.08.
(6) The interaction between self-other object consistency and other-other object
consistency was not significant, F(1, 33) = 0.77, p = 0.39. (7) The three-way
interaction among judgment perspective, self-other object consistency, and
other-other object consistency was significant, F(1, 33) = 6.90, p < 0.05, �p2

= 0.17. Specifically, when judging from the self-perspective under self-other
object inconsistency, accuracy was significantly higher when other-other object
consistency was present (M = 0.96, SE = 0.01) than when it was absent (M =
0.93, SE = 0.01), F(1, 33) = 5.41, p = 0.03. No significant effects were found
in other directions, Fs < 2.45, ps > 0.13, as shown in Figure 5 [Figure 5: see
original paper].

A 2$×2×2𝑟𝑒𝑝𝑒𝑎𝑡𝑒𝑑 − 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑠𝐴𝑁𝑂𝑉 𝐴𝑜𝑛𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑟𝑒𝑠𝑝𝑜𝑛𝑠𝑒𝑡𝑖𝑚𝑒𝑠𝑟𝑒𝑣𝑒𝑎𝑙𝑒𝑑 ∶
(1)𝐴𝑠𝑖𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑛𝑡𝑚𝑎𝑖𝑛𝑒𝑓𝑓𝑒𝑐𝑡𝑜𝑓𝑗𝑢𝑑𝑔𝑚𝑒𝑛𝑡𝑝𝑒𝑟𝑠𝑝𝑒𝑐𝑡𝑖𝑣𝑒, 𝐹 (1, 33) = 99.37, 𝑝 <
0.001, 𝜂𝑝^{2}$ = 0.75, 95% CI = [–189.28, –125.11], with shorter correct
response times when judging from the self-perspective (M = 796.72 ms, SE
= 36.88 ms) than from the other-perspective (M = 953.91 ms, SE = 40.29
ms). (2) A significant main effect of self-other object consistency, F(1, 33) =
121.44, p < 0.001, �p2 = 0.79, 95% CI = [–79.47, –54.70], with faster correct
response times under self-other object consistency (M = 841.77 ms, SE =
37.35 ms) than under inconsistency (M = 908.86 ms, SE = 38.50 ms). (3) The
main effect of other-other object consistency was not significant, F(1, 33) =
0.04, p = 0.85. (4) A significant interaction between judgment perspective and
self-other object consistency, F(1, 33) = 75.07, p < 0.001, �p2 = 0.70. When
judging from the other-perspective, correct response times were significantly
shorter under self-other object consistency (M = 888.16 ms, SE = 38.75 ms)
than under inconsistency (M = 1019.67 ms, SE = 42.48 ms), F(1, 33) = 146.30,
p < 0.001; however, this difference was not significant when judging from
the self-perspective, F(1, 33) = 0.11, p = 0.75. (5) A significant interaction
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between judgment perspective and other-other object consistency, F(1, 33) =
11.04, p < 0.01, �p2 = 0.25. When judging from the self-perspective, correct
response times were significantly shorter under other-other object consistency
(M = 787.07 ms, SE = 37.09 ms) than under inconsistency (M = 806.36
ms, SE = 37.21 ms); this effect was not significant when judging from the
other-perspective, F(1, 33) = 2.29, p = 0.14. (6) A significant interaction
between self-other object consistency and other-other object consistency, F(1,
33) = 21.25, p < 0.001, �p2 = 0.39. When self-other object consistency was
present, correct response times were significantly shorter under other-other
object consistency (M = 825.45 ms, SE = 38.13 ms) than under inconsistency
(M = 858.10 ms, SE = 37.05 ms), F(1, 33) = 14.42, p < 0.001. When self-other
object consistency was absent, correct response times were significantly shorter
under other-other object inconsistency (M = 894.13 ms, SE = 36.78 ms) than
under consistency (M = 923.58 ms, SE = 41.11 ms), F(1, 33) = 5.63, p < 0.05.
(7) The three-way interaction among judgment perspective, self-other object
consistency, and other-other object consistency was not significant, F(1, 33) =
2.58, p = 0.12, as shown in Figure 6 [Figure 6: see original paper].

Discussion

Figure 6 shows correct response times under Experiment 2 conditions. The re-
sults from Experiment 2 reveal several key findings: First, the main effect of
judgment perspective on both accuracy and correct response time replicated the
pattern observed in Experiment 1. Second, the interaction between judgment
perspective and self-other object consistency was significant for both measures.
However, unlike Experiment 1, Experiment 2 showed the trend of higher accu-
racy and faster correct response times under self-other object consistency only
in the other-perspective condition. This indicates that the consistency effect
existed only when judging from the other-perspective, meaning that when par-
ticipants judged from an avatar’s perspective in a multi-avatar context, they
could still spontaneously activate their own perspective, demonstrating egocen-
tric intrusion. When participants judged from the self-perspective, the pattern
changed, likely because the increased number of avatars and the introduction
of other-other object consistency complicated the composition of interference
effects during self-perspective judgments.

Third, when judging from the self-perspective, performance was better under
other-other object consistency than under inconsistency. A plausible explana-
tion is that in the self-judgment perspective condition, when A and B saw the
same number of dots (other-other object consistency), participants recognized
this consistency and integrated them into a single interfering perspective. If the
two avatars saw different numbers of dots, however, there would be two sepa-
rate interfering avatar perspectives, resulting in relatively poorer performance.
This effect was particularly pronounced when the participant and Avatar A saw
inconsistent numbers of dots. This result further demonstrates, from another
angle, that spontaneously adopting others’ perspectives influences the adoption
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and judgment of one’s own perspective.

Fourth, the interaction between self-other object consistency and other-other
object consistency on correct response time indicates that observation and judg-
ment were most efficient—yielding the fastest response times—when the partic-
ipant and Avatar A saw consistent numbers of dots and when A and B also saw
consistent numbers. If the self and A saw inconsistent numbers, their associa-
tion was broken, and in this case, consistency between A and B actually created
interference.

In summary, consistent with Experiment 1, Experiment 2 demonstrated a self-
other object consistency effect. However, Level-1 visual perspective taking
with multiple avatars differed from single-avatar perspective taking, as other-
other object consistency did influence the perspective-taking process to some
extent. When facing multiple avatars, Level-1 visual perspective taking could
still occur spontaneously. Simultaneously, the introduction of the other-other
object consistency variable exerted both facilitative and interfering effects on
the perspective-taking process. Additionally, we observed in the experiment
that although Avatars A and B might see different numbers of dots, their gaze
directions could be the same (e.g., both looking left). This consistency might
capture participants’ attention (Li Jing et al., 2017), potentially influencing the
results. Therefore, Experiment 3 will control for this condition based on Exper-
iment 2 to further investigate how relationships between virtual objects affect
the process.

Experiment 3
Purpose

In social interaction, the attentional direction of others’ eyes can induce ob-
servers to orient attention toward the indicated direction (Zhang Zhijun et al.,
2011), and avatars’ line of sight also serves as an attentional cue that triggers
spontaneous visual perspective taking (Samson et al., 2010). In our paradigm,
when avatars see consistent objects, their lines of sight must be inconsistent.
However, when avatars see inconsistent objects, the two avatars’ lines of sight
can be either consistent or inconsistent. Therefore, Experiment 3 aimed to fix
the object consistency condition and explore how avatars’ line of sight influences
perspective-taking spontaneity.

Method

Participants Using G*Power 3.1 to estimate sample size (𝛼 = 0.05, 1–𝛽 =
0.90, effect size f = 0.25) yielded 20 participants. We ultimately recruited 37
undergraduate and master’s students from the Nanjing area (18 male, 19 female)
with normal or corrected-to-normal vision.
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Design This experiment employed a 2 (judgment perspective: self, Avatar A)
× 2 (self-other object consistency: consistent, inconsistent) × 2 (other-other line-
of-sight consistency: consistent, inconsistent) within-subjects design. Other-
other line-of-sight consistency referred to whether the gaze directions of Avatar
A and Avatar B were consistent (e.g., both looking left or right). The dependent
variables were accuracy and correct response time.

Apparatus and Procedure The apparatus was identical to Experiment 1.
Line-of-sight consistency included two avatars facing the left wall simultaneously
or facing the right wall simultaneously. Line-of-sight inconsistency involved one
avatar facing the first partition wall and the other facing the third partition
wall (see Figure 7 [Figure 7: see original paper]), with avatars seeing different
numbers of black dots. The number of formal experiment trials and data analysis
methods were the same as in Experiment 1.

Figure 7 shows example stimuli from Experiment 3 (a: other-other line-of-sight
consistent; b: other-other line-of-sight inconsistent).

Results and Analysis

Participants’ mean accuracy across all stimulus images was 93.20%, with a mean
correct response time of 850.80 ms. A correlation analysis between accuracy and
response time across all participants revealed a Pearson correlation coefficient
of –0.36 (p < 0.05), indicating that higher accuracy was associated with shorter
response times. This suggests that participants did not sacrifice response time
for accuracy, and no speed-accuracy tradeoff existed in the experiment. The
accuracy and correct response times for the 37 participants across different
conditions are presented in Table 3 .

A 2$×2×2𝑟𝑒𝑝𝑒𝑎𝑡𝑒𝑑−𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑠𝐴𝑁𝑂𝑉 𝐴𝑜𝑛𝑎𝑐𝑐𝑢𝑟𝑎𝑐𝑦𝑟𝑒𝑣𝑒𝑎𝑙𝑒𝑑 ∶ (1)𝐴𝑠𝑖𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑛𝑡𝑚𝑎𝑖𝑛𝑒𝑓𝑓𝑒𝑐𝑡𝑜𝑓𝑗𝑢𝑑𝑔𝑚𝑒𝑛𝑡𝑝𝑒𝑟𝑠𝑝𝑒𝑐𝑡𝑖𝑣𝑒, 𝐹 (1, 36) =
106.09, 𝑝 < 0.001, 𝜂𝑝^{2}$ = 0.75, 95% CI = [0.04, 0.06], with significantly
higher accuracy when judging from the self-perspective (M = 0.96, SE = 0.01)
than from the other-perspective (M = 0.91, SE = 0.01). (2) A significant
main effect of self-other object consistency, F(1, 36) = 105.11, p < 0.001,
�p2 = 0.75, 95% CI = [0.04, 0.06], with significantly higher accuracy under
self-other object consistency (M = 0.96, SE = 0.01) than under inconsistency
(M = 0.91, SE = 0.01). (3) A significant main effect of other-other line-of-sight
consistency, F(1, 36) = 10.36, p < 0.01, �p2 = 0.22, 95% CI = [0.01, 0.03],
with significantly higher accuracy when other-other line-of-sight consistency
was present (M = 0.94, SE = 0.01) than when it was absent (M = 0.92,
SE = 0.01). (4) A significant interaction between judgment perspective and
self-other object consistency, F(1, 36) = 74.76, p < 0.001, �p2 = 0.68. When
judging from the other-perspective, accuracy was significantly higher under
self-other object consistency (M = 0.96, SE = 0.01) than under inconsistency
(M = 0.86, SE = 0.01), F(1, 36) = 129.44, p < 0.001; this difference was not
significant when judging from the self-perspective, F(1, 36) = 0.67, p = 0.42.
(5) The interaction between judgment perspective and other-other line-of-sight
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consistency was not significant, F(1, 36) < 0.001, p = 0.99. (6) The interaction
between self-other object consistency and other-other line-of-sight consistency
was not significant, F(1, 36) = 0.72, p = 0.40. (7) The three-way interaction
among judgment perspective, self-other object consistency, and other-other
line-of-sight consistency was significant, F(1, 36) = 12.16, p < 0.001, �p2 = 0.25.
When judging from the self-perspective under self-other object consistency
(F(1, 36) = 10.60, p < 0.01) or when judging from the other-perspective
under self-other object inconsistency (F(1, 36) = 9.52, p < 0.01), accuracy was
significantly higher under other-other line-of-sight consistency (M = 0.97, SE
= 0.01 and M = 0.88, SE = 0.01, respectively) than under inconsistency (M =
0.94, SE = 0.01 and M = 0.84, SE = 0.01, respectively). No significant effects
were found in other directions, Fs < 1.10, ps > 0.30, as shown in Figure 8
[Figure 8: see original paper].

A 2$×2×2𝑟𝑒𝑝𝑒𝑎𝑡𝑒𝑑 − 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑠𝐴𝑁𝑂𝑉 𝐴𝑜𝑛𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑟𝑒𝑠𝑝𝑜𝑛𝑠𝑒𝑡𝑖𝑚𝑒𝑠𝑟𝑒𝑣𝑒𝑎𝑙𝑒𝑑 ∶
(1)𝐴𝑠𝑖𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑛𝑡𝑚𝑎𝑖𝑛𝑒𝑓𝑓𝑒𝑐𝑡𝑜𝑓𝑗𝑢𝑑𝑔𝑚𝑒𝑛𝑡𝑝𝑒𝑟𝑠𝑝𝑒𝑐𝑡𝑖𝑣𝑒, 𝐹 (1, 36) = 116.77, 𝑝 <
0.001, 𝜂𝑝^{2}$ = 0.76, 95% CI = [–152.23, –104.12], with shorter correct
response times when judging from the self-perspective (M = 786.71 ms, SE
= 28.17 ms) than from the other-perspective (M = 914.89 ms, SE = 27.66
ms). (2) A significant main effect of self-other object consistency, F(1, 36) =
62.78, p < 0.001, �p2 = 0.64, 95% CI = [–66.50, –39.40], with faster correct
response times under self-other object consistency (M = 824.32 ms, SE =
27.10 ms) than under inconsistency (M = 877.27 ms, SE = 27.87 ms). (3)
A significant main effect of other-other line-of-sight consistency, F(1, 36) =
11.20, p < 0.01, �p2 = 0.24, 95% CI = [6.84, 27.73], with shorter correct
response times when line-of-sight was inconsistent (M = 842.16 ms, SE =
27.37 ms) than when it was consistent (M = 858.43 ms, SE = 27.44 ms). (4)
A significant interaction between judgment perspective and self-other object
consistency, F(1, 36) = 18.53, p < 0.001, �p2 = 0.34. When judging from
either the self-perspective (F(1, 36) = 7.58, p = 0.01) or other-perspective
(F(1, 36) = 70.78, p < 0.001), correct response times were significantly shorter
under self-other object consistency (M = 774.27 ms, SE = 28.01 ms and M
= 874.38 ms, SE = 28.04 ms, respectively) than under inconsistency (M =
799.15 ms, SE = 29.05 ms and M = 955.40 ms, SE = 28.11 ms, respectively),
though the regression slope was steeper in the other-perspective condition.
(5) A significant interaction between judgment perspective and other-other
line-of-sight consistency, F(1, 36) = 12.00, p < 0.01, �p2 = 0.25. When judging
from the other-perspective, correct response times were significantly shorter
under line-of-sight inconsistency (M = 896.55 ms, SE = 27.39 ms) than under
consistency (M = 933.23 ms, SE = 28.37 ms), F(1, 36) = 26.79, p < 0.001;
this difference was not significant when judging from the self-perspective, F(1,
36) = 0.07, p = 0.79. (6) A significant interaction between self-other object
consistency and other-other line-of-sight consistency, F(1, 36) = 5.22, p < 0.05,
�p2 = 0.13. When self-other object consistency was absent, correct response
times were significantly shorter under line-of-sight inconsistency (M = 863.01
ms, SE = 27.64 ms) than under consistency (M = 891.54 ms, SE = 28.61 ms),
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F(1, 36) = 12.88, p < 0.01; this difference was not significant when self-other
object consistency was present, F(1, 36) = 0.93, p = 0.34. (7) The three-way
interaction among judgment perspective, self-other object consistency, and
other-other line-of-sight consistency was not significant, F(1, 36) = 0.96, p =
0.33, as shown in Figure 9 [Figure 9: see original paper].

Because the results for other-other line-of-sight consistency and its related
interactions were not entirely consistent between accuracy and correct response
time, we calculated efficiency scores (accuracy ÷ response time, in units
of 1/ms). The results were as follows: (1) The main effect of other-other
line-of-sight consistency was not significant, F(1, 36) = 0.16, p = 0.69.
(2) A significant interaction between judgment perspective and other-other
line-of-sight consistency, F(1, 36) = 4.34, p = 0.04, �p2 = 0.11. When
judging from the self-perspective, efficiency scores were marginally signifi-
cantly higher under line-of-sight consistency (M = 1.29$×10{-3}, 𝑆𝐸 = 4.7×10{-
5})𝑡ℎ𝑎𝑛𝑢𝑛𝑑𝑒𝑟𝑖𝑛𝑐𝑜𝑛𝑠𝑖𝑠𝑡𝑒𝑛𝑐𝑦(𝑀 = 1.27×10{-3}, 𝑆𝐸 = 4.9×10{-5}), 𝐹 (1, 36) =
2.90, 𝑝 = 0.09; 𝑡ℎ𝑖𝑠𝑒𝑓𝑓𝑒𝑐𝑡𝑤𝑎𝑠𝑛𝑜𝑡𝑝𝑟𝑒𝑠𝑒𝑛𝑡𝑤ℎ𝑒𝑛𝑗𝑢𝑑𝑔𝑖𝑛𝑔𝑓𝑟𝑜𝑚𝑡ℎ𝑒𝑜𝑡ℎ𝑒𝑟 −
𝑝𝑒𝑟𝑠𝑝𝑒𝑐𝑡𝑖𝑣𝑒, 𝐹 (1, 36) = 1.96, 𝑝 = 0.17.(3)𝑇 ℎ𝑒𝑖𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑜𝑛𝑏𝑒𝑡𝑤𝑒𝑒𝑛𝑠𝑒𝑙𝑓 −
𝑜𝑡ℎ𝑒𝑟𝑜𝑏𝑗𝑒𝑐𝑡𝑐𝑜𝑛𝑠𝑖𝑠𝑡𝑒𝑛𝑐𝑦𝑎𝑛𝑑𝑜𝑡ℎ𝑒𝑟−𝑜𝑡ℎ𝑒𝑟𝑙𝑖𝑛𝑒−𝑜𝑓−𝑠𝑖𝑔ℎ𝑡𝑐𝑜𝑛𝑠𝑖𝑠𝑡𝑒𝑛𝑐𝑦𝑤𝑎𝑠𝑛𝑜𝑡𝑠𝑖𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑛𝑡, 𝐹 (1, 36) =
1.06, 𝑝 = 0.31.(4)𝑇 ℎ𝑒𝑡ℎ𝑟𝑒𝑒−𝑤𝑎𝑦𝑖𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑜𝑛𝑎𝑚𝑜𝑛𝑔𝑗𝑢𝑑𝑔𝑚𝑒𝑛𝑡𝑝𝑒𝑟𝑠𝑝𝑒𝑐𝑡𝑖𝑣𝑒, 𝑠𝑒𝑙𝑓−
𝑜𝑡ℎ𝑒𝑟𝑜𝑏𝑗𝑒𝑐𝑡𝑐𝑜𝑛𝑠𝑖𝑠𝑡𝑒𝑛𝑐𝑦, 𝑎𝑛𝑑𝑜𝑡ℎ𝑒𝑟−𝑜𝑡ℎ𝑒𝑟𝑙𝑖𝑛𝑒−𝑜𝑓−𝑠𝑖𝑔ℎ𝑡𝑐𝑜𝑛𝑠𝑖𝑠𝑡𝑒𝑛𝑐𝑦𝑤𝑎𝑠𝑠𝑖𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑛𝑡, 𝐹 (1, 36) =
12.60, 𝑝 < 0.01, 𝜂𝑝^{2}$ = 0.26. When judging from the self-perspective
under self-other object consistency, efficiency scores were significantly
higher under line-of-sight consistency (M = 1.34$×10{-3}, 𝑆𝐸 = 4.9×10{-
5})𝑡ℎ𝑎𝑛𝑢𝑛𝑑𝑒𝑟𝑖𝑛𝑐𝑜𝑛𝑠𝑖𝑠𝑡𝑒𝑛𝑐𝑦(𝑀 = 1.27×10{-3}, 𝑆𝐸 = 5.0×10{-5}), 𝐹 (1, 36) =
7.90, 𝑝 = 0.01.𝑊ℎ𝑒𝑛𝑗𝑢𝑑𝑔𝑖𝑛𝑔𝑓𝑟𝑜𝑚𝑡ℎ𝑒𝑜𝑡ℎ𝑒𝑟 − 𝑝𝑒𝑟𝑠𝑝𝑒𝑐𝑡𝑖𝑣𝑒𝑢𝑛𝑑𝑒𝑟𝑠𝑒𝑙𝑓 −
𝑜𝑡ℎ𝑒𝑟𝑜𝑏𝑗𝑒𝑐𝑡𝑐𝑜𝑛𝑠𝑖𝑠𝑡𝑒𝑛𝑐𝑦, 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦𝑠𝑐𝑜𝑟𝑒𝑠𝑤𝑒𝑟𝑒𝑠𝑖𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑛𝑡𝑙𝑦ℎ𝑖𝑔ℎ𝑒𝑟𝑢𝑛𝑑𝑒𝑟𝑙𝑖𝑛𝑒−
𝑜𝑓−𝑠𝑖𝑔ℎ𝑡𝑖𝑛𝑐𝑜𝑛𝑠𝑖𝑠𝑡𝑒𝑛𝑐𝑦(𝑀 = 1.16×10{-3}, 𝑆𝐸 = 3.7×10{-5})𝑡ℎ𝑎𝑛𝑢𝑛𝑑𝑒𝑟𝑐𝑜𝑛𝑠𝑖𝑠𝑡𝑒𝑛𝑐𝑦(𝑀 =
1.12×10{-3}, 𝑆𝐸 = 3.5×10{-5}$), F(1, 36) = 9.52, p < 0.01. No significant effects
were found in other directions, Fs < 0.64, ps > 0.43.

Experiment 3 replicated the main effects of judgment perspective and self-other
object consistency, as well as their interaction, on both accuracy and correct
response time, consistent with Experiments 1 and 2. This again demonstrates
that Level-1 visual perspective taking remains spontaneously activated even
when avatars see inconsistent objects in multi-avatar contexts.

Under the premise of other-other object inconsistency in this experiment, the
newly introduced variable “other-other line-of-sight consistency” played an im-
portant role in dot-perspective task judgments. Specifically, examining effi-
ciency scores: First, when judging from the self-perspective under self-other
object consistency, participants saw black dots on the same wall. The consis-
tency in the two avatars’ line of sight focused participants’ attention on the total
number of black dots, enabling more accurate judgments compared to line-of-
sight inconsistency. Second, when judging from the other-perspective, partici-
pants needed to focus more on the avatars’ perspectives. Consistent line of sight
between the two avatars quickly indicated their gaze directions, but since the
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avatars saw inconsistent objects, participants required more time to differentiate
between them, reducing response efficiency. We term this phenomenon—where
an irrelevant other (Avatar B) interferes with participants’ perspective taking of
the target other (Avatar A) when judging from A’s perspective—the “irrelevant
avatar interference effect.” When A and B’s lines of sight were consistent, the
irrelevant avatar was more easily noticed, creating more pronounced interfer-
ence. Conversely, when lines of sight were inconsistent, participants could more
quickly locate the target avatar’s perspective to be adopted and ignore the other
irrelevant avatar, resulting in smaller irrelevant avatar interference effects and
shorter response times. This result also reveals that participants followed the
avatars’ line of sight to locate the dots on the walls before making judgment
responses (Baker et al., 2016).

The results of Experiment 3 indicate that in multi-avatar contexts, under the uni-
form premise of other-other object inconsistency, consistency in the two avatars’
line of sight also affects participants’ attention to objects. Line-of-sight consis-
tency may generate interference from irrelevant avatars, influencing the sponta-
neous manifestation of Level-1 visual perspective taking to some extent. This
influence exists under both self-perspective and other-perspective conditions.

General Discussion
Multi-avatar Perspective Taking Spontaneity

The spontaneity of Level-1 visual perspective taking has long attracted re-
searchers’ attention. Building upon this foundation, our study introduced two
perspective-taking targets, creating multiple independent non-group perspec-
tives, to investigate how these perspectives influence the spontaneity of Level-1
visual perspective taking. First, Experiment 1 validated the newly adapted
paradigm, revealing a consistency effect identical to that found in classic ex-
periments, demonstrating that Level-1 visual perspective taking occurs sponta-
neously in the new paradigm. Experiment 2 added a new avatar and found that
this spontaneity persisted, though its level was influenced by the consistency in
the number of objects seen by the two avatars. Experiment 3 further introduced
other-other line-of-sight consistency based on Experiment 2, finding that under
the premise of inconsistent object numbers seen by the two avatars, their line-
of-sight consistency also affected the spontaneous manifestation of perspective
taking, with this influence being more complex.

Effects of Other-Other Object Consistency

Beyond conclusions about spontaneity, we primarily investigated how the
relationship among the self, target avatar, and irrelevant avatar influences
perspective-taking judgment processes. Experiment 2 found that judgment
perspective and self-other object consistency each interacted with other-other
object consistency. When judging from the self-perspective, if A and B saw the
same number of dots, this facilitated self-perspective judgment. Additionally,
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under self-other object consistency, A and B seeing the same number of dots
also facilitated judgment. We propose that in the self-perspective condition,
when A and B saw identical dot counts, they could be stored as a group
in memory. Furthermore, due to the presence of three overlapping and
compatible dimensions—self, target avatar, and irrelevant avatar (Kornblum
et al., 1990)—working memory load during judgment was lower compared to
when A and B saw different numbers, resulting in better overall performance.
However, this facilitative effect disappeared when judging from the other-
perspective, presumably because the presence of the self-perspective created a
clear egocentric bias (Samuel et al., 2019), making it difficult for consistency to
exert a facilitative effect. We borrow the cognitive economy principle common
in linguistics (Zipf, 1949, cited in Linders & Louwerse, 2023) to explain this
phenomenon: combining two individuals of the same nature into a single entity
for judgment processing requires minimal cognitive effort. It is this tendency
toward cognitive resource economy that produces the facilitative effect when
judging from the self-perspective, also indicating that we cannot suppress the
adoption of others’ perspectives even when judging from the self-perspective.

In this process, examining correct response time and accuracy, the influence
of self-other object consistency appears relatively stable, whereas other-other
object consistency only manifests under specific perspective conditions, making
its effect less stable than that of self-other object consistency.

When disregarding judgment perspective, the interaction between self-other ob-
ject consistency and other-other object consistency aligns with previous results.
When participants and Avatar A saw different numbers of dots, the association
between self and target was broken. If A and B saw the same number of dots in
this case, according to the cognitive economy principle, they would be stored as
a unified entity, and unified entities attract more attention. Consequently, this
unified entity conflicted with the self-perspective, actually prolonging judgment
time. This finding is similar to results obtained in group perspective research
by He et al. (2021). Different from their study, however, we found that when
participants and Avatar A saw the same number of dots, if A and B also saw
identical numbers, this facilitated the formation of a self-A-B unified entity, al-
lowing participants to complete all judgments by remembering only one number,
resulting in extremely fast judgment speed. If A and B saw different numbers,
the number seen by B created interference, slowing judgment speed. This result
similarly demonstrates that during task execution, we not only attend to our
own perspective and adopt target Avatar A’s perspective but also spontaneously
attend to the visual objects seen by irrelevant Avatar B.

Effects of Other-Other Line-of-Sight Consistency

Experiment 3 fixed other-other object consistency as an inconsistent condition
and found that under this premise, other-other line-of-sight consistency also in-
fluenced the specific manifestation of spontaneous perspective taking. When
judging from the self-perspective under self-other object consistency, if A and
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B’s lines of sight were consistent, the special nature of this cue led participants
to perceive them again as a unified entity, resulting in better judgment perfor-
mance compared to line-of-sight inconsistency. Pesimena and Soranzo (2023)
reported similar conclusions, noting that the perspective-taking target’s line
of sight causes participants to spontaneously orient their own gaze toward the
location indicated by the target’s gaze. When multiple cues share the same
direction, this orienting effect is additive; when these directions conflict, the
orienting effect is canceled out. However, the same situation created strong
interference for other-perspective judgments. Specifically, when judging from
the other-perspective, if A and B’s lines of sight were identical and participants
saw the same number of dots as Avatar A, judging Avatar A’s perspective in-
volved both connecting with the participant and being constrained by Avatar B.
This constraining effect manifested as follows: In this case, Avatar A as the tar-
get object carried two conflicting stimulus attributes—line-of-sight consistency
with irrelevant Avatar B and object inconsistency—while responses needed to
be object-based. According to Kornblum and Lee’s dimensional overlap model
(1995), as two relevant attributes, their conflict inevitably leads to changes in re-
sponse performance, producing the aforementioned results. This indicates that
when judging from others’ perspectives, we not only spontaneously activate our
own perspective but also follow avatars’ lines of sight to observe correspond-
ing objects. Consistent line of sight makes this behavior more natural and more
likely to cause irrelevant avatars to interfere with target avatars, producing irrel-
evant perspective interference effects. Therefore, we can infer that the influence
of other-other line-of-sight consistency occurs before object consistency compar-
ison. Finally, we note that in this experiment, under other-other line-of-sight
consistency conditions, the walls gazed at by A and B were relatively close, both
located in the left or right visual field; whereas under inconsistency conditions,
the walls gazed at by A and B were relatively far apart. Compared to the former
situation, the latter may have experienced less interference. Future experiments
could further optimize the design to reduce visual field effects.

Interpretation and Future Directions

Our findings provide some evidence supporting the integrated mechanism of
implicit mentalizing and submentalizing. When multiple avatars are present,
visual perspective taking is highly flexible and spontaneously generated, influ-
enced by both other-object consistency and line-of-sight consistency. Other-
object consistency may be represented as a group, and this social factor of group
perspective can only be explained by implicit mentalizing theory—participants
recognize that avatars can see, that gaze can be followed, and that avatars seeing
consistent objects can be perceived as a unified entity. Therefore, this study sug-
gests that altercentric effects can be partially explained by implicit mentalizing
perspectives (Cole et al., 2016; Conway et al., 2017; Heyes, 2014; Santiesteban
et al., 2014). However, we do not exclude the influence of submentalizing on
spontaneous perspective taking, as avatars’ gaze and directional cues are diffi-
cult to separate (Baker et al., 2016). Clearly, the direction avatars face also
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provides low-level cues to guide attention (Cole et al., 2016), further influencing
the visual perspective-taking process. That is, domain-general cognitive pro-
cessing also plays a fundamental role in visual perspective taking (Fan Ya et al.,
2021). In summary, we propose that when multiple avatars are present, both
implicit mentalizing and submentalizing underlie the spontaneous generation of
Level-1 visual perspective taking. The implicit mentalizing cue that objects are
“visible” is an important factor in adopting others’ perspectives, while submen-
talizing cues are also needed to influence perspective taking from the bottom
up, such as through domain-general cognitive activities. Therefore, this study
actually provides supporting evidence for both theories, leaning toward an inte-
grated mechanism of implicit mentalizing and submentalizing.

Visual perspective taking constitutes an important research domain in spatial
interaction. How we adopt others’ perspectives, or even group perspectives, to
better understand viewpoints other than our own and reach consensus is key
to comprehending, predicting, and transmitting spatial information, thereby
facilitating social interaction among people (Xiao Chengli et al., 2021). Starting
from multiple avatars, this study explored whether the spontaneity of visual
perspective taking differs from single-avatar contexts, preliminarily revealing
that the number of objects seen by others and line-of-sight relationships in
multi-avatar contexts influence the spontaneity of Level-1 visual perspective
taking. We discovered some patterns not found in single-avatar or group-avatar
contexts. Our findings help people understand the processing mechanisms of
perspective taking in groups and draw attention to how other-object consistency
and line-of-sight consistency affect perspective taking.

Looking at daily life, people often need to cooperate and empathize within
groups and collectives. This study provides insights into how to help people
in groups avoid interference, better understand others, and communicate more
effectively in complex interpersonal relationships. Additionally, future research
could start from the social attributes of avatars, altering individuals’ own social-
cognitive traits or social cues in spatial environments. By optimizing experi-
mental paradigms and enhancing the social-interactive properties of research,
we can improve ecological validity, continuously refine research in the domain
of perspective taking with multiple avatars, and better apply perspective-taking
research findings to social practice.

Conclusion
(1) The adapted experimental paradigm in this study is feasible and success-

fully replicates previous findings: when a single avatar is present, Level-1
visual perspective taking occurs spontaneously, with mutual influence be-
tween self and other perspectives. (2) When multiple avatars are present,
the Level-1 visual perspective-taking process remains spontaneous, and
consistency in the number of objects seen by avatars produces a group-
perspective effect, particularly when judging from the self-perspective.
(3) Consistency in others’ line of sight captures participants’ attention,
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exerting differential effects under self-perspective and other-perspective
conditions. From these conclusions, we understand that we spontaneously
and flexibly compute others’ perspectives, whether they are target or ir-
relevant perspectives. The outcomes of perspective taking can either fa-
cilitate or interfere with performance in dot-perspective judgment tasks.
In summary, the spontaneity of Level-1 visual perspective taking persists
in multi-avatar contexts but is influenced by the relationship among the
“self-target avatar-irrelevant avatar” triad, exhibiting context-specific pat-
terns.
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