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Figure 1: Study overview and main findings. We investigate how spatial presence and agency influence affective and cognitive
perspective-taking in a virtual reality perspective-taking study. Users engage in perspective-taking by embodying an avatar
and performing a gesture-based task. We independently manipulated spatial presence and agency, two core qualities of
VR, to examine their effects on perspective-taking. We found an effect of both spatial presence and agency on affective
perspective-taking (i.e., self-avatar overlap), but no effect on cognitive perspective-taking (measured with an anchoring task).

Abstract

Perspective-taking supports empathy, bias reduction, and social
cognition, and virtual reality (VR) promises to facilitate it by im-
mersing users into simulated perspectives. Yet, how VR qualities,
such as spatial presence and agency, influence — and potentially
enhance - perspective-taking remains unclear. We conducted two
controlled experiments (N=23 and N=25) using a VR paradigm that
manipulated spatial presence (2D vs. 3D) and avatar agency (syn-
chronous vs. delayed motion, and with vs. without a task). We
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measured cognitive perspective-taking using an anchoring task
and self-avatar overlap as an indicator of affective perspective-
taking. Results show that increased spatial presence and agency
both significantly enhanced affective perspective-taking. However,
neither significantly affected cognitive perspective-taking. These
findings suggest that while VR qualities can enhance how close a
person feels to an avatar, they may not strongly affect cognitive
perspective-taking. By studying the influence of two VR qualities,
we offer guidance on building more effective perspective-taking
experiences in immersive environments.
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1 Introduction

Virtual reality is frequently presented as a technology able to fos-
tering empathy and mutual understanding by immersing users in
experiences that are rare or inaccessible in their everyday lives
(e.g., embodying a child’s body [95] or interacting with an age-
progressed version of oneself [50]). The ability to adopt another
person’s point of view is generally referred to as perspective-taking.
Perspective-taking plays a crucial role in social cognition, empathy,
and decision-making [39]. For instance, it enhances conflict resolu-
tion by highlighting underlying motivations [24], improves commu-
nication by bridging divergent viewpoints [20], and strengthens co-
operation by fostering mutual understanding of shared goals [114].
Perspective-taking typically follows either a “self-referential” or
“other-referential” approach. The former refers to processing infor-
mation by linking it to one’s own self-concept, using the self as the
core reference point for the experience [81]. The latter refers to
shifting the reference point to another individual, processing expe-
riences through the lens of that person’s perceived characteristics,
context, or social identity [94], where social identity describes how
a person defines themselves based on group memberships, such as
nationality or social class [96]. Virtual Reality (VR) has been sug-
gested as an immersive technology to facilitate perspective-taking
since users can literally experience a point of view that is distinct
from their own [45, 49]. VR perspective-taking experiences typically
also follow either a “self-referential” [41, 103] or “other-referential”
approach [1, 49]. In VR, the former involves embodying an avatar
that resembles oneself from a different perspective (e.g., aging or
future selves [50]); the latter places users in another person’s body
to experience another person’s perspective (e.g., experiencing racial
bias [78]). These two techniques have been shown to enhance em-
pathy [45], reduce bias [5], and shift physiological responses or
patterns of brain activity related to the self-other boundary [68].
VR perspective-taking studies typically embed the task of taking
a perspective in highly contextualized narratives, such as embody-
ing a person of a different race [67, 78] or simulating homeless-
ness [70]. Even when the task itself appears neutral, the embodied
role often carries social, cultural, or identity-related meanings that
participants may draw upon. While such designs can evoke strong
emotional and social responses, they also make it difficult to differ-
entiate the effects of the intended manipulation through VR from
the situational context. Participants may relate these scenarios to
their own social experiences or prior encounters, which introduces
uncontrolled variability between individuals. As a result, disen-
tangling the causal effects of specific VR qualities, such as spatial
presence and agency, which are often mentioned as motivating
reasons for using VR, from the overall impact of VR becomes chal-
lenging. Therefore, while several studies have reported that VR
perspective-taking scenarios can effectively enhance empathy or
reduce bias (e.g., Banakou et al. [5], Herrera et al. [49]), it is largely
unknown why they work or what the exact mechanisms at work
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are. Questions, such as Should a person have agency over an avatar
they are meant to empathize with? And does the degree of physical
presence in the VR environment matter for engaging in perspective-
taking? cannot be answered. Providing systematic findings about
how individual VR qualities, such as spatial presence and agency,
contribute to perspective-taking, are desirable to be able to design
more targeted scenarios, making the experiences more effective
and predictable.

We address this gap by systematically manipulating spatial pres-
ence and agency as two core VR qualities in a controlled perspective-
taking task. This enables us to contribute an analysis of their indi-
vidual main effects on perspective-taking. This work follows Wirth
et al. [108]’s definition of spatial presence, who describe it as “a bi-
nary experience, during which perceived self-location and, in most
cases, perceived action possibilities are connected to a mediated
spatial environment, and mental capabilities are bound by the me-
diated environment instead of reality”. This definition differentiates
between self-location (SL) and possible actions (PA). Prior work
suggests that the feeling of “being there” (the sense of SL) in the
virtual environment may be particularly important for perspective-
taking, because it could make events feel more psychologically real
and personally relevant [58, 89], which might strengthen emotional
resonance with virtual others. Therefore, we focus our investigation
on the aspect of “being actually there in the environment” of spatial
presence. Agency refers to “the perception of control over a virtual
body” [83]. It is typically discussed within the theoretical model of
embodiment by Kilteni et al. [63]. Agency may enhance cognitive
and affective perspective-taking, as the ability to intentionally con-
trol one’s virtual body and actions may increase self-relevance and
active engagement [84], evoke motor and predictive processes that
underlie understanding others’ intentions [57]. Importantly, spatial
presence and agency allow users to act in the virtual environment.
They thus present a key difference from other technologies (e.g.,
videos) and could play a key role in VR perspective-taking. Yet,
their main effects on VR perspective-taking are unknown.

Summarizing the above, our work is guided by the general re-
search question: How do spatial presence and agency affect cogni-
tive and affective perspective-taking? In the evaluation of effects
on perspective-taking, we focus on its two key dimensions: cogni-
tive and affective perspective-taking. Cognitive perspective-taking
refers to the ability to understand and infer others’ thoughts, be-
liefs, or intentions, emphasizing rational comprehension of “how
others think” [18]. Affective perspective-taking involves perceiving
and sharing others’ emotional states, focusing on emotional res-
onance with “how others feel” [8]. Together, these aspects cover
what is generally understood as psychological perspective-taking.
Since our goal is to provide more fundamental contributions to how
VR perspective-taking is formed, we look at the two constructs
separately. Although both are often mentioned together as psy-
chological perspective-taking [31], they have different functions
and effects [30], so analyzing them separately is valuable for this
study. Cognitive perspective-taking is critical because it supports
the understanding and prediction of others’ thoughts and intentions,
forming a cognitive foundation for effective social interaction and
communication in virtual contexts. Affective perspective-taking, by
contrast, supports emotional connection and empathy, which are
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key to fostering meaningful engagement with virtual others. Dis-
tinguishing between them allows us to clarify how spatial presence
and agency might influence different aspects of perspective-taking.

To answer our research question, we conducted two within-
participant user studies (N=23 and N=25), investigating the effects of
spatial presence and agency on cognitive and affective perspective-
taking. Experiment 1 manipulates spatial presence using an immer-
sive 3D environment and a static 2D texture-based environment.
In Experiment 2, we manipulate agency by synchronizing and de-
laying avatar motion. We evaluate cognitive perspective-taking via
an anchoring task (reflecting alignment of participants’ judgments
with the avatar’s viewpoint) and affective perspective-taking via
self-avatar overlap ratings (capturing perceived emotional overlap).
Our findings indicate that both VR qualities are positively associ-
ated with affective perspective-taking but show no reliable effect on
cognitive perspective-taking, highlighting a dissociation between
these components in our context.

In summary, this paper makes two key contributions:

e We provide a systematic investigation of how spatial pres-
ence and agency affect cognitive perspective-taking (anchor-
ing strength) and affective perspective-taking (self-avatar
overlap), showing that both qualities enhance affective but
not cognitive perspective-taking.

o We offer actionable insights on VR perspective-taking: spatial
presence and agency both enhance affective perspective-
taking, but neither is sufficient for influencing cognitive
perspective-taking, which may require explicit guidance or
additional cognitive support due to the mental load imposed
by immersive environments.

2 Related Work

2.1 Dimensions of Perspective-Taking

“Perspective-taking refers to the ability to recognize another per-
son’s point of view [48]. It is fundamental for core social functions,
such as inferring intentions, adhering to social norms, and fostering
cooperation [71, 99]. It also plays an important role in promoting
positive social interactions and strengthening social connections
by fostering empathy [7], reducing prejudice [105], and improv-
ing cognitive flexibility and social skills [39]. Psychology literature
generally dissociates three types of perspective-taking [25, 36]:
spatial [72, 102], affective [53, 107], and cognitive [34, 42, 106].

Spatial perspective-taking (sometimes also referred to as visual
perspective-taking) is commonly classified into two developmental
levels in psychology [33]. Level 1 involves recognizing what others
can or cannot see from a given viewpoint [35], and is generally con-
sidered to remain egocentric [61]. A canonical example is Piaget’s
three-mountains task [79], where children are asked to identify
what a doll sees from a different position. Level 2 perspective-taking
requires mentally representing one’s own body relative to another
person’s position. Individuals simulate how the spatial layout ap-
pears from that other person’s viewpoint by mentally shifting their
own perspective. This level reflects more advanced, allocentric rea-
soning and is exemplified by mental rotation tasks such as Shepard
and Metzler’s matching paradigm [87].

Affective, or emotional, perspective-taking (APT), refers to the
ability to recognize and interpret others’ emotional states based on
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contextual cues (e.g., a slumped posture, tearful eyes, or trembling
voice during a heated argument) [18]. It is strongly associated with
empathy, particularly the capacity to respond emotionally to oth-
ers’ distress [64]. Common assessment methods include: narrative-
based tasks that ask participants to infer emotions from stories or
videos [18]; facial expression recognition tasks [37]; role-playing
paradigms where participants adopt another person’s role in emo-
tionally charged scenarios [93]; and self-report instruments such
as the Empathic Concern subscale of the Interpersonal Reactivity
Index (IRI) [64].

Cognitive perspective-taking (CPT) is often situated within the
framework of theory of mind (TOM) [80], which refers to the abil-
ity to infer others’ thoughts, beliefs, feelings, or intentions. This
capacity involves interpreting others’ internal states and adjusting
one’s behavior accordingly [52]. A classic assessment task is the
Sally-Anne Task [6], in which children must predict where an agent
will search for an object based on a false belief that contrasts with
the child’s true knowledge. For instance, in a real-world setting,
CPT allows someone to predict a friend’s response to a mislead-
ing news article by considering their prior beliefs and knowledge,
whereas APT helps them recognize the friend’s frustration upon
discovering the misinformation. Neuroimaging evidence indicates
that CPT and APT recruit overlapping yet distinct neural networks,
with CPT involving regions such as the medial prefrontal cortex
and temporoparietal junction [86].

Conventional tasks for both CPT and APT typically involves
reading narratives, watching films, or participating in text-based
role-play scenarios [15]. While these methods support inferring
others’ mental and emotional states, they heavily rely on imagina-
tion and prior knowledge, often failing to mitigate egocentric bias.
By immersing users in interactive, embodied contexts, VR could
reduce the cognitive load of mental simulation.

2.2 Virtual Reality Perspective-Taking

Immersive VR has emerged as a technology for facilitating
perspective-taking. Unlike traditional text-based or narrative
prompts, VR enables users to act in 3D environments, and thus
embody another person’s perspective in addition to imagining it.
Researchers have leveraged these VR qualities to simulate otherwise
inaccessible experiences, such as embodying avatars of different
skin colors [44], ages [76], or even species [1]. Prior work indicates
that VR has significant effects on enhancing social cognition, empa-
thy, and decision-making. Herrera et al. [49] found that embodying
a homeless person in VR elicited more durable attitude change
than conventional perspective-taking methods. Didehbani et al.
[23] reported that VR-based social cognition training can enhance
social cognitive abilities in children with autism. Kandalaft et al.
[60] suggested that VR is a promising tool for improving social
skills, cognition, and functioning in autism. Borhani and Ortega
[12] developed a VR experience for gender swapping and found
that it can enhance empathy and reduce stereotype threats in com-
puter science job interviews. Furthermore, a recent meta-analysis
indicates that, although the existing evidence is still preliminary,
VR shows positive potential in improving learners’ reasoning and
decision-making performance, particularly in clinical settings [56].
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Despite encouraging results, the concrete mechanisms behind
how perspective-taking in VR works are largely unknown. Most
studies target narrowly defined scenarios, and no unified framework
links specific VR qualities, such as spatial presence, avatar agency, or
locomotion, to distinct dimensions of perspective-taking. Outcome
measures also vary widely, lacking consensus on how to assess
either cognitive alignment (e.g., decision-making from the avatar’s
viewpoint) or affective resonance (e.g., emotional connection with
the avatar). For example, simulations involving wheelchair navi-
gation increase awareness of mobility barriers [14], but it remains
unclear whether such effects generalize to non-locomotion con-
texts. Similarly, embodiment studies on racial perspective-taking
are sensitive to participants’ prior attitudes, complicating cross-
study comparisons [67].

To investigate these relationships, we systematically manipulate
two core VR qualities, spatial presence and agency, and examine
their independent effects on cognitive and affective perspective-
taking. Our work focuses on understanding how these VR qualities
influence perspective-taking outcomes, rather than on context-
specific scenarios. By studying these variables separately, we aim
to provide empirical evidence for their individual contributions to
VR-based perspective-taking.

2.3 Measuring Cognitive and Affective
Perspective-Taking

A variety of methods have been developed in cognitive and so-
cial psychology to assess perspective-taking effects. Common ap-
proaches include self-report questionnaires, such as the Interper-
sonal Reactivity Index (IRI) [18], and behavioral paradigms like the
Director Task [62] or the dot-perspective task [85]. Questionnaire-
based measures are widely used due to their efficiency but may be
limited by subjective biases, while behavioral tasks provide more
direct evidence of perspective-taking performance, but can be in-
fluenced by task-specific demands. Many traditional methods also
focus on either affective or spatial aspects of perspective-taking
and may not fully capture cognitive perspective-taking.

Building on this foundation, the anchoring paradigm has been
proposed as a sensitive, process-oriented measure of cognitive
perspective-taking [29]. The anchoring effect, first demonstrated
by Tversky and Kahneman [101], occurs when subjective estimates
are biased toward an initial anchor value. Epley and Gilovich [28]
extended this work by showing that both externally imposed and
self-generated anchors can influence judgments. Theoretical ac-
counts such as the anchoring and adjustment heuristic [101] and
the selective accessibility theory [75] explain why people insuffi-
ciently adjust from anchors. Neuroscience research further indicates
that the anchoring effect is associated with activity in brain regions
responsible for numerical cognition and executive control [97].

When adapted to perspective-taking, the anchoring paradigm
asks participants to estimate values from another’s viewpoint, mea-
suring alignment with that perspective’s presumed anchor [29]. We
use this effect as our primary measure to assess whether VR-based
interventions foster greater cognitive alignment with avatars. This
implicit, quantifiable method complements traditional measures
and offers deeper insight into perspective-taking in immersive en-
vironments.
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Affective perspective-taking refers to the extent to which an in-
dividual emotionally resonates or identifies with another agent [19,
39]. In VR and social cognition research, perceived similarity be-
tween the self and another (sometimes also referred to as “self-other
overlap”) has been proposed as an important component of affective
connection, empathy, and the blurring of self-other boundaries.
Measuring how similar participants feel to their avatar captures the
degree of psychological merging and self-avatar overlap, which are
central to affective perspective-taking [19, 39]. Empirical studies
have shown that higher reported similarity correlates with greater
empathy and affective alignment, and is sensitive to perspective-
taking manipulations [4, 31, 47].

3 Experiment 1

Experiment 1 investigated how spatial presence influences cogni-
tive and affective perspective-taking with an avatar in a within-
participant design with one independent variable with two levels.
The experiment took place in a controlled setting in a quiet room at
the University of Copenhagen to ensure consistent hardware and
minimize distractions. The experiment had two conditions of each
10 randomized trials, which were presented in randomized order (no
block design). We used repeated measures (10 trials per condition)
to reduce individual variability and enhance internal validity and
statistical power. This approach of employing repeated measures for
experimental conditions is commonly done in perspective-taking
studies [31].

3.1 Experiment Design

3.1.1 Independent Variable. The experiment had one independent
variable (spatial presence level) with two levels, operationalized
through two different environments. In the high presence environ-
ment, participants were placed in a realistic 3D-modeled classroom
with depth cues (see Figure 2a). Based on spatial presence theory,
coherent depth cues (e.g., perspective, occlusion) and familiar se-
mantic content (e.g., desks, chalkboards) enhance the user’s sense
of “being there” in the virtual space, which is often accompanied
by high presence ratings [65, 92]. In the low presence environment,
participants were placed in an abstract space station with flat 2D
textures and minimal depth cues (see Figure 2b). We used a flat, 2D-
based design because stripping away depth information and seman-
tic familiarity disrupts the perceptual consistency needed for spatial
presence, leading to lower immersion and presence scores [91, 109].

3.1.2  Dependent Variables. We measured three dependent vari-
ables: spatial presence (to check the effect of the presence manipu-
lation), cognitive perspective-taking, and affective perspective-taking.
Each dependent variable was collected on a per-trial basis, imme-
diately after the embodiment and interaction phase. We used the
following measures to assess the dependent variables:

Spatial Presence. We measured spatial presence with a single
7-point Likert item: “I felt like I was actually there in the virtual
environment” of the spatial presence experience scale (SPES) [46].
The item is part of the self-location sub scale of the SPES. We chose
to use only this item because (1) participants complete 20 trials,
so brevity is critical; (2) it is widely validated in VR research with
strong reliability and validity [89]; and (3) we did not use interactive
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(a) 3D model building scene (high presence condition).

(b) 2D texture scene (low presence condition).

Figure 2: Experimental environments used to manipulate spatial presence.

environmental manipulations. Therefore, items, such as “It seemed
as though I actually took part in the action of the presentation.” of
the self-location sub scale were not applicable to our experimental
setup. It is for the same reason that we considered the possible
actions sub scale out of scope for this work.

Cognitive Perspective-Taking (Anchoring Task). We used an an-
choring task [101] to measure cognitive perspective-taking. Anchor-
ing tasks have been validated for their use in perspective-taking
studies, for example, by Erle and Topolinski [31] and Galinsky and
Mussweiler [40]. While embodying the avatar, participants saw a
numerical anchor, prompting them to answer an anchoring state-
ment: (“The other person says [anchor]. What do you think?”) and
provided their own estimate. Anchoring strength was calculated as
the standardized z-score across participants and items, reflecting the
degree to which responses shifted toward the avatar’s perspective.

Affective Perspective-Taking (Self-Avatar Overlap). We measured
self-avatar overlap with the Inclusion of Other in the Self (I0S)
scale [110]: participants chose one of seven Venn-style diagrams
(1 = no overlap, 7 = almost complete overlap), indexing affective
perspective-taking via perceived similarity. The IOS scale captures
the perceived integration of the avatar into one’s self-concept,
emphasizing subjective interpersonal closeness rather than ob-
jective visual resemblance (e.g., facial features, body shape) [3].
This conceptualization aligns with the core definition of affective
perspective-taking, which involves identifying with and under-
standing another person’s emotional experiences [20].

3.1.3 Hypotheses. Based on the theoretical grounding explained
in the introduction, we expected that higher spatial presence would
lead to higher cognitive and affective perspective-taking. Therefore,
we derived the following hypotheses. The detailed rationales for
each hypothesis are given below.

H1. Manipulation Check: Participants will report higher spatial
presence in the high-presence (3D-modeled) environment than
in the low-presence (2D-textured) environment.

H2. Participants will exhibit stronger cognitive perspective-taking
(anchoring strength) in the high-presence environment than
in the low-presence environment.

H3. Participants will exhibit stronger affective perspective-taking
(self-avatar similarity) in the high-presence environment than
in the low-presence environment.

Rationales.

H1 Coherent depth cues and semantically rich content enhance
the subjective feeling of “being there” so 3D scenes should
increase spatial presence [65].

H2 High spatial presence fosters stronger engagement with the
virtual avatar’s perspective [10]. This deeper engagement
may encourage participants to more thoroughly simulate
the avatar’s judgment process and deliberately adjust their
own judgments to align with the avatar’s viewpoint, thereby
demonstrating stronger cognitive perspective-taking [28].

H3 Stronger spatial presence may focus users’ emotional and
cognitive resources on the virtual avatar and its perspective,
enhancing self-avatar unity [74]. This may make participants
more inclined to understand and evaluate virtual events
from the avatar’s perspective at the emotional and cognitive
level, thereby showing higher self-avatar overlap. Compared
to traditional non-VR methods, immersive environments
that evoke high spatial presence may further strengthen
users’ identification with the avatar, supporting this expected
increase in affective perspective-taking.

3.2 Task and Instructions

To avoid demand characteristics, we withheld the study’s true fo-
cus until debriefing. The participants were told that the main focus
of the experiment is on learning letters from the American Sign
Language (ASL) alphabet. Prior work has shown that participants’
awareness of experimental hypotheses can substantially bias sub-
jective reports and behavioral responses, including in embodiment
and HCI experiments, motivating the use of cover stories as a
methodological control [17, 54, 66]. We chose this task to engage
the participants in a body-based task (i.e., seeing their hands while
learning the gestures).

Participants received the following instruction via an in-VR panel
at the start of each session:



CHI *26, April 13-17, 2026, Barcelona, Spain

Liyue Da and Teresa Hirzle

Mirror Task: learn ASL letters

Spatial Presence Item

Spatial Presence
Experience Scale Item SL1

| felt like | was actually there
in the environment of the

Cognitive Perspective-Taking

Personalized Anchor
Questions

The other person says the
Eiffel Tower is 120 meters

Affective Perspective-Taking

Inclusion of Other
in the Self Scale

Which picture best
describes your similarity

presentation. high. What do you think it is? with this person?
O O O
D O
[ In VR, embodied in the avatar ] [ In VR, disembodied ]
=1 minute ® & 1 minute ®
l Repeated 20 times: randomized trials of 2 conditions of each 10 trials ]

Figure 3: Experiment procedure: each of the 20 trials includes four phases: (1) embodiment and ASL task, (2) presence rating, (3)
cognitive perspective-taking task (anchoring task), and (4) affective perspective-taking task (self-avatar overlap score). The
trials were presented in a randomized order. The figure uses an image generated with DeepAlI'.

“In this experience, you will help another person learn
letters from the American Sign Language (ASL) alpha-
bet. To do this, you will be embodied in the avatar you
are seeing. This means that your movements will be
aligned with the avatar’s movements.”

The experimenter then restated these instructions. After the
experiment, several participants stated that they thought the main
task of the study was on learning the ASL alphabet. None of them
discovered the true purpose of the study.

3.3 Procedure

Participants first gave their informed consent. Then, they completed
a demographics questionnaire, which measured the following as-
pects: participants’ gender, age, history of neurodivergence (e.g.,
ADHD, Autism etc.), and previous experience with VR. Participants
unfamiliar with VR completed two practice trials using an avatar
that was not used in the study to learn the controls. Figure 3 shows
the procedure in detail. Each trial consisted of the following phases:

(1) Embodying the avatar: Participants embodied an avatar
and were tasked to learn ASL letters, as shown in the instruc-
tions. They received visual instructions of how to perform
the gesture for each ASL letter through a 2D drawing of
the gesture shown in front of them on a screen in the VR
environment. During the embodiment phase, participants
saw the avatar they embodied in a mirror in front of them.
This phase took one minute and participants learned letters
from the standard 26-letter ASL alphabet. ASL letters were
randomly chosen from the ASL alphabet. We excluded six
letters (H, K, M, N, T, and R), because they involve significant
overlap of fingers, which was problematic with the headset’s
limited hand tracking and led to problems in displaying the
hands correctly.

The person wearing a VR headset and the person in the mirror in the left panel of the
procedure figure were generated with the DeepAl image generator https://deepai.org/
machine-learning-model/text2img.

(2) Spatial presence rating: After the embodiment phase, par-
ticipants answered the spatial presence question while em-
bodying the avatar. We did this to keep their feeling of pres-
ence tied to the experience without interrupting it by disem-
bodying the avatar (Figure 4a).
Disembodying the avatar: Next, participants disembodied
the avatar and answered the remaining questions. This phase
was included to ensure that participants clearly distinguished
between themselves and the avatar to separate the responses
on the perspective-taking outcome from the task.
Cognitive perspective-taking (anchoring task): Then,
participants indicated their level of cognitive perspective-
taking by doing the anchoring task. They were asked to
respond to the anchoring questions that were formulated as
follows: “The other person says [anchor]. What do you think?”
(5) Affective perspective-taking (self-avatar overlap): The
final activity in each trial was to indicate the level of affective
perspective-taking. Participants indicated how similar they
felt to the avatar through the I0S scale (Figure 4b).

—
SY)
=

—
N
=

3.4 Validity and Controlling for Biases

We fully randomized all trials across conditions within each partic-
ipant to mitigate order and learning effects [32, 43]. We minimized
experimenter expectancy bias [82] by delivering identical, neutral
instructions (“The other person says [anchor]. What do you think?”)
across all trials. All anchor questions followed established anchor
design principles, using questions with vague but potentially fa-
miliar facts [28], designed to evoke vague intuitions rather than
explicit knowledge [75], and worded in a neutral way [13]. Fur-
thermore, we increased statistical power and lowered the risk of
Type II errors by running 10 trials per condition [16]. To prevent
familiarity effects from repeated exposure to a single face [98], we
randomly assigned one of 20 visually similar avatars in each trial
(see Figure 5). This variability not only reduces recognition and
preference biases but also enhances ecological validity, aligning
with Slater and Steed’s recommendation that simulations reflect
realistic human diversity [91].
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New Text

(b) The post-embodiment questionnaire interface.

Figure 4: Questionnaire interface. The placeholder fields labeled “New Text” are Unity defaults that were dynamically replaced
with the actual question text during task execution. We show the static interface here for illustration, while the real content

was only visible during runtime.

3.5 Implementation

We developed a standalone VR application in Unity for the Meta
Quest 2, featuring 20 scenes (10 fully modeled 3D and 10 textured
2D) presented in randomized order. Participants were represented
by realistic humanoid avatars. The avatars were imported from
the Unity Asset Store, customized in Blender (hair mesh and cloth-
ing color), and retargeted with the Meta Movement SDK to enable
upper-body tracking without external devices. The mirror-based
learning task displayed English letters and corresponding hand ges-
tures on a virtual TV above the participant. One letter was shown
for 10 seconds; a secondary Unity camera rendered the user’s move-
ments to a Render Texture on a plane to simulate a mirror. Built-in
hand tracking supported natural pointing and selection gestures
via Unity’s event system. After each trial, in-VR questionnaires
captured subjective responses, which were automatically logged to
CSV with trial-level metadata (e.g., avatar ID, presence condition);
no continuous behavioral data was recorded.

Figure 5: Avatar set and usage across experiments. The red
box marks the 20 avatars used in Experiment 1; Experiment
2 used the full set (24). In each trial, participants embodied
a different avatar, and avatar assignment to trials was ran-
domized.

3.6 Results

3.6.1 Participants. 23 participants (14 female, 9 male, age range
23-32) completed the study. All participants were recruited via
university mailing lists and received a small compensation for their
participation. An a-priori power analysis for a paired-samples ¢
test using G*Power? (Cohen’s d, = 0.50, one-tailed a = 0.05, 1 —
B = 0.8) yielded a sample size of 27. Due to resource constraints,
the final sample of experiment 1 was slightly smaller, resulting in
reduced statistical power. This limitation was accepted because
both experiments were essential to addressing the overall research
question, requiring us to allocate the available resource across both
studies. Participants were required to have normal or corrected-to-
normal vision and no known neurological or motor impairments.
Before the experiment, each participant completed a demographic
questionnaire indicating age, gender, prior VR experience, and any
relevant medical conditions, and sign an informed consent form.

3.6.2 Data Analysis. We conducted a two-step analysis to assess
the effect of presence on cognitive perspective-taking and affec-
tive perspective-taking. First, we conducted a manipulation check,
comparing spatial presence ratings between the 3D-modeled and
2D-textured environments. Then, we examined whether this per-
ceived presence influenced (1) cognitive perspective-taking and (2)
affective perspective-taking. To compute anchoring effects, both
the participants’ estimates and the anchor values were z-scored
within each question-condition group. Specifically, for each ques-
tion type (e.g., age estimation, salary estimation), we calculated
the mean and standard deviation across all participants and con-
ditions. Each participant’s estimate and the corresponding anchor
value were then standardized using these group-level statistics:
z = (x — ) /o, where x is the raw value, y is the group mean, and
o is the group standard deviation. The anchoring effect was then
calculated as the difference between the standardized estimate and
the corresponding standardized anchor.

To ensure high data quality, we excluded 9 trials with response
z-scores |z| > 3, indicating extreme outliers. We also dropped the
25% of anchor questions with the lowest coefficient of variation (5

2G*Power: https://www.psychologie hhu.de/arbeitsgruppen/allgemeine-psychologie-
und-arbeitspsychologie/gpower
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Figure 6: Anchoring effects (cognitive perspective-taking) under different grouping strategies.

items), due to limited variability that would not provide meaningful
anchoring effects.

3.6.3 Summary of the Results. We summarize the main results here
and present the details about the statistical tests in the following sub
sections. Our findings confirm that 3D modeled scenes significantly
increased subjective presence ratings compared to 2D textured
scenes. This increase in presence was associated with significantly
higher affective perspective-taking ratings (perceived overlap with
the avatar): trials labeled as HighPresence (based on median-split
self-reported presence ratings) had significantly higher overlap
scores than LowPresence trials, suggesting an effect of spatial pres-
ence on affective perspective-taking.

In contrast, the increase in presence did not significantly influ-
ence participants’ cognitive perspective-taking ratings as measured
by anchoring effects. Taken together, while increases in spatial pres-
ence caused higher affective perspective-taking scores , we did not
find an effect of spatial presence on cognitive perspective-taking.

3.6.4 Spatial Presence Manipulation. Participants reported signifi-
cantly higher presence in the 3D condition (M = 5.25, SD = 1.28)
compared to the 2D condition (M = 4.84, SD = 1.45), confirmed
by a paired t-test (t = 2.87, p = 0.0089, > = 0.27). Data were ap-
proximately normally distributed according to a Shapiro-Wilk test
(W =0.938, p = 0.1616).

3.6.5 Cognitive Perspective-Taking. We verified that our depen-
dent measure - the standardized difference between each judgment
and the corresponding anchor — was approximately normally dis-
tributed across conditions (Shapiro-Wilk tests all p > .05). We
then proceeded with parametric analyses. To examine a potential
effect of spatial presence on cognitive perspective-taking, measured
through anchoring strength, we grouped the data in two ways. First,
we grouped the presence ratings by condition (2D vs. 3D scene).
Secondly, we grouped them by the median split of participants’
reported presence scores. The second grouping ensured that we
capture individual influences, since presence has been shown to
be a highly subjective experience. For both grouping strategies,
we employed two parametric approaches appropriate for a within-
participant design and normally distributed data: (1) Paired-samples
t-tests to compare anchoring effects across presence levels at the

participant level and (2) Linear mixed-effects models with subject-
level random intercepts, which accounted for repeated measures
and trial-level variation in anchor values.

The paired-samples t-test based on the condition-based grouping
did not reveal a statistically significant result (+ = 0.03, p = 0.98)
with means of: High/HighAnchor M = —0.071, High/LowAnchor
M = —0.135, Low/HighAnchor M = —0.088, and Low/LowAnchor
M = —0.127 (Figure 6b). Similarly, the grouping based on a median
split did also not reveal a statistically significant difference in an-
choring effects (t = —1.10, p = 0.29). The corresponding means are:
HighPresence/HighAnchor M = —0.103, HighPresence/LowAnchor
M = —0.106, LowPresence/HighAnchor M = —0.090, and LowPres-
ence/LowAnchor M = 0.040 ( Figure 6a). Moreover, the multiple
linear regression analyses in both grouping approaches did not
reveal any significant main or interaction effects (all p > 0.05;
see Table 1 for full results).

In summary, regardless of the grouping method used, both the
paired-samples t-tests and the mixed linear models did not detect
any significant main or interaction effects. This indicates that, in
the present study, the expected level of presence did not play the
anticipated role in modulating the standardized difference between
the participant’s judgment and the anchor value.

We further explored how presence ratings and anchor direction
influenced cognitive perspective-taking (measured with anchor
strength) with multiple linear regression and a two-way ANOVA.
Rejecting our hypothesis that higher presence would increase par-
ticipants’ adjustment toward the anchor, neither the regression
nor the ANOVA revealed significant main or interaction effects
(p > 0.05 for all tests). This aligns with our earlier paired-samples
t-test and mixed-effects model analyses, all failing to detect sys-
tematic differences. In sum, the expected level of presence did not
modulate the standardized anchoring effect in this study. Details
about the tests are shown in the Appendix in subsubsection A.3.1.

3.6.6  Affective Perspective-Taking. We measured affective perspec-
tive-taking by assessing perceived self-avatar overlap with the
I0S scale. We examined potential effects under two grouping ap-
proaches. Similarly to the analysis of the presence scores, in the first
approach, we compared overlap scores across the 2D and 3D scene
conditions, treating Scene Type (2D vs. 3D) as a within-participant
factor. A paired-samples t-test revealed no significant difference
(t = 0.70, p = 0.49) with mean scores of Myp = 3.26 (SD = 1.52) and
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Figure 7: Comparison of average overlap scores (affective perspective-taking) under two grouping strategies: (a) based on
participants’ reported presence (median split), and (b) based on experimental condition (2D vs. 3D).

Msp =3.20 (SD = 1.56) ( Figure 7b). For the second grouping, we
split the trials into high- and low-presence conditions based on the
median-split of each participant’s presence ratings. As each partici-
pant contributed data to both high-presence and low-presence con-
ditions, we used within-group tests. A paired-samples ¢-test showed
a significant difference in overlap scores between the high- and
the low-presence group (¢ = 4.68, p = 0.0002) with mean overlap
scores of MyjghPresence = 3-61 (SD = 1.60) and M owPresence = 2.72
(SD = 1.18) ( Figure 7a).

3.7 Discussion

Several factors may explain why the observed increase in pres-
ence did not significantly affect participants’ cognitive perspective-
taking.

3.7.1 Effect Size and Threshold Effects. Participants reported signif-
icantly higher presence in the 3D modeled scene compared to the
2D texture scene, possibly due to the 3D scene’s higher ecological
validity. Although this difference was statistically significant with
a medium-to-large effect size (3> = .27), the absolute difference
in mean presence ratings was modest (3D: M = 5.25, SD = 1.28;
2D: M = 4.84, SD = 1.45). This suggests a potential threshold
effect: while the change in presence was meaningful statistically,
its modest magnitude in raw scores may be insufficient to trig-
ger notable psychological or behavioral chain reactions. In other
words, the limited enhancement in perceived presence may not
be enough to surpass critical thresholds in cognitive processing or
self-perception, thereby failing to significantly promote cognitive
perspective-taking.

3.7.2  Cognitive Resource Allocation Conflict. High immersion may
demand additional attentional and cognitive resources for percep-
tual processing, leaving fewer available for effortful numerical ad-
justment of the anchor. According to the anchoring-adjustment
framework, such adjustment relies on top-down control and work-
ing memory [27]. Immersive VR can also increase cognitive load
compared to desktop simulations [69], which suggests that under

conditions of high presence, participants could have insufficient
“bandwidth” to carry out careful adjustments. As a result, their
estimates might deviate more from the anchor, leading to larger
absolute errors.

Taken together, these factors suggest that while presence en-
hances affective engagement with avatars, its influence on cognitive
perspective-taking may depend on stronger manipulations, more
sensitive tasks, and lower competing cognitive demands.

4 Experiment 2

Experiment 2 investigated how agency affects cognitive and affec-
tive perspective-taking in VR using the same mirror task and a
repeated-measures design. It manipulated two within-participant
variables: agency level (synchronous vs. delayed control) and task
presence (with vs. without a sign language learning task). By includ-
ing the task manipulation, we aimed to examine whether increased
cognitive load or goal-directed activity would modulate partici-
pants’ sensitivity to agency disruptions based on recent findings
suggesting that task engagement may affect body ownership [73],
and thus indirectly agency. This factorial design aimed to clarify
how agency interacts with cognitive engagement during avatar
interaction.

4.1 Experiment Design

4.1.1 Independent Variables. The experiment has two independent
variables, both manipulated within-participant: agency level and
task condition.

Agency Level: This variable was operationalized through real-
time synchronization of avatar movements with participant actions.
In the high agency condition, the avatar’s movements were syn-
chronized with the participant’s actions in real time, preserving
real-time spatial and temporal alignment. In the low agency con-
dition, a 2-second delay was introduced to the avatar’s joints to
induce spatial and temporal misalignment, disrupting agency.

To manipulate agency, we referred to Iarygina et al. [55]’s re-
view of VR techniques that reduce agency: (1) prerecorded/external,
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Figure 8: Experiment 2 procedure: each of the 24 trials includes the five phases (1) presence rating, (2) agency assessment, (3)
anchoring task, (4) confidence rating, and (5) overlap score. The figure uses an image generated with DeepAI'.

(2) delayed, and (3) dislocated movements. We excluded the first
and third methods for both technical and conceptual reasons. The
dislocated approach would require spatial offsets in hand or finger
positions that, if too large, would result in anatomically implausible
postures, and if too small, might be perceived by participants as
tracking errors rather than intentional manipulations. The prere-
corded/external condition was also unsuitable because it conflicted
with the task of learning ASL letters. Completely replacing their
movements with prerecorded actions would make this task im-
plausible and could draw attention to the manipulation, thereby
increasing demand characteristics.

Task Condition: This variable controlled the cognitive load and
movement constraints during the embodiment experience. In the
task present condition, a TV screen displayed American Sign Lan-
guage (ASL) hand gestures alongside corresponding images, and
participants imitated these signs virtually. In the no task condition,
the TV screen remained blank, and participants freely performed
spontaneous movements. This manipulation served two purposes:
(1) performing a goal-directed task increased cognitive load, po-
tentially diverting attention from avatar responsiveness; (2) in the
no-task condition, unconstrained movements may have enhanced
the perceived self-relatedness of the avatar, increasing agency and
embodiment.

4.1.2 Dependent Variables. We measured five dependent vari-
ables: spatial presence (manipulation check), agency (manipulation
check), cognitive perspective-taking, confidence rating, and affec-
tive perspective-taking. Each dependent variable was collected on a
per-trial basis, immediately after the embodiment and interaction
phase.

As in Experiment 1, spatial presence was assessed with a single
item from the Spatial Presence Experience Scale [46]; cognitive
perspective-taking was measured with the personalized anchoring
task with standardized z-scored anchoring strength; and affective
perspective-taking was assessed using the IOS scale [110].

Agency. Perceived agency was measured with four items (CO1-
CO4) from the Control/Agency subscale of the Virtual Embodiment
Questionnaire (VEQ) [83]. Participants rated their agreement on a 7-
point Likert scale (1 = fully disagree, 7 = fully agree) with statements

such as “I felt like I was controlling the movements of the virtual
body” A composite agency score was computed by averaging the
four items, with higher values indicating a stronger sense of control
over the avatar.

Confidence Rating. Immediately after providing each estimate
in the anchoring task, participants rated their confidence on a 7-
point Likert scale (1 = not at all confident, 7 = very confident). This
per-trial confidence score served as an auxiliary index for cognitive
perspective-taking in subsequent analyses.

4.1.3 Hypotheses. Based on the theoretical grounding explained
in the introduction, we expected that higher agency would lead to
stronger cognitive and affective perspective-taking. Therefore, we
derived the following hypotheses. The detailed rationales for each
hypothesis are given below.

H1. Manipulation Check: Participants will report lower agency in
the misaligned (low-agency) condition than in the high-agency
condition.

H2. Participants will exhibit stronger cognitive perspective-taking
(anchoring strength) in the high-agency condition than in the
low-agency condition.

H3. Participants will exhibit stronger affective perspective-taking
(self-avatar overlap) in the high-agency condition than in the
low-agency condition.

Rationales.

H1 Delays disrupt sensorimotor predictions [38]; a 2-second
delay was expected to significantly reduce perceived agency.

H2 A reduced sense of agency may hinder cognitive alignment
with the avatar. When control over the avatar is less immedi-
ate or less fluent, participants may be less likely to fully adopt
the avatar’s viewpoint when making judgments. Prior work
suggests that agency enhances embodiment and facilitates
anchoring to the avatar’s perspective [4].

H3 Affective perspective-taking involves affective identification
and empathic understanding of another agent. While direct
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Figure 9: Boxplots illustrating self-avatar overlap scores and agency scores across different experimental conditions.

empirical evidence linking agency to affective perspective-
taking is limited, previous work suggests that agency con-
tributes to body ownership and self-avatar merging - pro-
cesses that underlie social bonding and empathic alignment.
For example, You et al. [113] found that participants’ con-
trol over their avatar influenced their bodily and cognitive
responses in VR. Reduced agency may weaken emotional
alignment, decreasing affective perspective-taking.

4.1.4 Task and Instructions. Participants received the following
instruction via an in-VR panel at the start of each session:

“In this experience, you will help another person learn
letters from the American Sign Language (ASL) alpha-
bet. To do this, you will be embodied in the avatar you
are seeing. This means that your movements will be
aligned with the avatar’s movements.”

The experimenter then restated these instructions. To avoid demand
characteristics, we withheld the study’s true focus until debriefing.

4.1.5 Procedure. The procedure of Experiment 2 followed the same
structure as Experiment 1, with the following modifications (Fig-
ure 8):

(1) Agency Assessment: After completing the presence ques-
tions, participants responded to four agency questions
(CO1-CO4) from the VEQ while remaining in the embodi-
ment state.

(2) Confidence Rating: Following the anchoring task, partic-
ipants rated their confidence in their answer on a 7-point
Likert scale.

Figure 5 shows the avatars used in Experiment 2. Avatars were
shown in first-person during embodiment and third-person during
the anchoring task.

4.1.6 Improving Response Validity. In Experiment 1, we did not
prevent participants from copying the avatar’s answer, which may
have encouraged participants to follow the avatar’s assessment
rather than their own.

To address this in Experiment 2, we made two changes: (1) par-
ticipants were explicitly told not to replicate the anchor; and (2)
they rated their confidence (1-7 Likert scale) after each estimate,
allowing identification of passive responses.

4.1.7 Implementation. This experiment used the same system as
Experiment 1, with the only change being the addition of a delayed
movement condition. The VR application was developed in Unity
for Meta Quest 2. All 24 3D-modeled scenes were presented in
random order, and responses were logged in . csv files. To reduce
agency, we introduced a 2-second delay between user movement
and avatar response. For each upper-body joint, we implemented a
movement buffer that stored position and rotation at each frame,
rendering joint states from several frames earlier to achieve the
delay. All other components, including avatar appearance, mirror
rendering, hand tracking, ASL mirroring task, and questionnaires,
remained unchanged from Experiment 1.

4.2 Results

4.2.1 Participants. 25 participants (11 male, 14 female; age range
23-39) completed the study. All participants were recruited through
university mailing lists and received a small compensation for their
participation. An a-priori power analysis using G*Power? (effect
size f = 0.25, « = .05, power = .80) for a repeated-measures ANOVA
(1 group, 4 measurements, correlation among repeated measures
=.50) indicated that a minimum of 24 participants would be suffi-
cient to detect medium-sized effects. We enrolled 25 participants;
however, one participant always selected “fully disagree” for every
questionnaire item irrespective of content and was excluded based
on a data-quality criterion, yielding a sample of n = 24 participants
included in the analysis. With n = 24, planned power for detecting
f = .25 effects remains approximately .80.

Participants were required to have normal or corrected-to-
normal vision and no known neurological or motor impairments.
Before the experiment, each participant completed a demographic
questionnaire indicating age, gender, prior VR experience, and any
relevant medical conditions, and sign an informed consent form.
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Figure 10: Distribution of the confidence-weighted AnchoringEffect_z across the eight Condition_Anchor combinations, where

High and Low refer to the level of avatar agency.

4.2.2  Data Analysis. Similar to Experiment 1, we conducted a two-
step analysis. First, we conducted a manipulation check comparing
participants’ agency ratings under simultaneous and 2-s delay con-
ditions. Then, we examined whether this affected (1) cognitive
perspective-taking and (2) affective perspective-taking.

To assess whether avatar agency and task presence influenced
anchoring effects, we extended the calculation from Experiment
1 by incorporating participants’ confidence ratings. Specifically,
we computed a confidence-weighted standardized anchoring score
for each trial by multiplying the z-scored anchoring value by the
participant’s self-reported confidence (scaled between 0 and 1).

No trials were excluded as extreme outliers (|z| > 3). We also
dropped the 25% of anchor questions with the lowest coefficient of
variation (6 items), due to limited variability that would not provide
meaningful anchoring effects.

4.2.3  Summary of the Result. We summarize the main results here
and provide more details on the statistical tests in the following sub
sections. Our findings confirm that the agency manipulation was
successful: participants reported significantly higher agency in the
High compared to the Low-agency conditions. Both High-agency
conditions showed significantly higher agency ratings than both
Low-agency conditions, whereas task presence did not affect agency
ratings.

In terms of affective perspective-taking, self-avatar overlap
scores were significantly higher in High-agency conditions than
in Low-agency conditions. We also found interaction effects of
task presence and agency on affective perspective-taking. Partici-
pants indicated higher affective perspective-taking ratings in the
High-agency condition with a task compared to both low agency
conditions (with and without task). Furthermore, the High-agency
condition in which a task was present yielded higher ratings com-
pared to the Low-agency condition with a task present.

In contrast, agency and task manipulations did not significantly
influence cognitive perspective-taking. The anchoring effect re-
mained near zero across all conditions, and no differences emerged
between HighAnchor and LowAnchor items.

Taken together, while higher agency significantly increased af-
fective perspective-taking (measured with IOS scale), it did not
affect cognitive perspective-taking, measured by anchoring effects.

4.2.4 Agency Manipulation. Agency scores (averaged across
four agency questions) did not follow a normal distribution
(Shapiro-Wilk and D’Agostino’s tests, both p < .001), so we con-
ducted nonparametric analyses. Wilcoxon signed-rank tests re-
vealed significantly higher agency in High (M = 5.88, SD = 1.02)
compared to Low conditions (M = 4.25,SD = 1.43, W = 1494.5,
p < .001) with a large effect size (r = 0.79). In the synchronous
control condition, most scores were near the upper limit of the
scale, and a few outliers did not change this overall pattern.

To examine whether the presence of a task influenced agency
scores across the four conditions, we conducted a Friedman test,
which yielded y?(3) = 48.50, p < 0.001, indicating a significant
overall effect. Bonferroni-corrected Wilcoxon signed-rank tests
showed that both High-agency conditions were rated significantly
higher than both Low-agency conditions (all p,gj < .001; mean dif-
ferences ~ 1.35-1.58), while adding a task did not change agency rat-
ings within the same agency level (Low: p > 0.05; High: p > 0.05).
Full statistics are provided in Appendix Table 3; the corresponding
boxplot is shown in Figure 9b.

4.25 Cognitive Perspective-Taking. The paired differences in stan-
dardized anchoring effects between the High and Low agency con-
ditions followed a normal distribution (Shapiro-Wilk test: W =
0.949, p = 0.261; D’Agostino’s K? test: K? = 1.879, p = 0.391), so
we used a repeated-measures ANOVA for the analysis.

We conducted a 2x2 repeated-measures ANOVA with within-
participant factors Agency (High vs Low) and Task (WithTask vs
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WithoutTask) on the confidence-weighted standardized anchoring
effect. The ANOVA revealed no significant main effect of Agency
(F(1,23) = 0.0312, p = 0.86), no significant main effect of Task,
(F(1,23) = 0.0516, p = 0.82), and no significant interaction effect
(F(1,23) = 0.0505, p = 0.82). Full ANOVA statistics are provided in
Appendix Table 4.

To further determine whether anchor type (HighAnchor vs.
LowAnchor) influenced the weighted anchoring effect, we analyzed
each participants’ mean confidence-weighted AnchoringEffect_z
separately for high-anchor and low-anchor items within each task
condition. Figure 10 displays the distribution across the eight Con-
dition X Anchor combinations, and Figure 11 shows the cell means
with standard error bars.

The confidence-weighted anchoring effect was near zero in all
conditions (—0.078 to 0.047; see Table 5). Bonferroni-corrected
paired-samples ¢-tests revealed no significant differences between
any HighAnchor and LowAnchor comparisons (min p = 0.4183, all
p > 0.42), indicating that neither anchor type nor task condition
systematically affected the confidence-weighted anchoring effect.

4.2.6  Affective Perspective-Taking. The IOS scores significantly de-
viated from a normal distribution (Shapiro-Wilk test: W = 0.9342,
P < 0.001); D’Agostino’s K? test: K2 = 183.43, p < 0.001). Accord-
ingly, we proceeded with nonparametric analyses.

To examine the effects of agency, task, and their interaction on
affective perspective-taking, we conducted a nonparametric facto-
rial repeated-measures ANOVA using the Aligned Rank Transform
(ART) procedure. This analysis revealed significant main effects
of Agency (F(1,23) = 5.03, p = .035) and Task (F(1,23) = 7.07,
p = .014), as well as a significant interaction between the two
(F(1,23) = 35.25, p < .001). The results indicate that IOS scores
were significantly higher in the High Agency compared to Low
Agency conditions. Furthermore, the scores were higher in the
With Task compared to Without Task conditions. Finally, to exam-
ine interaction effects, follow-up pairwise Wilcoxon signed-rank
tests (FDR-corrected) showed that self-avatar overlap scores in the
High Without Task condition were significantly higher than in both
the Low With Task (W = 17.50, p = .0039) and Low Without Task
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(W =30.50, p = .0188) conditions (see Figure 12). In addition, over-
lap scores in the High With Task condition were significantly higher
than in the Low With Task condition (W = 35.00, p = .0188). Full
results of the ART ANOVA and descriptive statistics are presented
in the Appendix in Table 7 and Table 6.

4.3 Discussion

4.3.1 Agency and Self-Avatar Overlap. Our findings demonstrate
that agency significantly influences participants’ perceived self-
avatar overlap. Higher agency consistently increased affective
perspective-taking, suggesting subjective control enhances self-
avatar merging. This aligns with prior work indicating that agency
is a key component of embodiment [59, 100], and that active control
leads to stronger self-identification with digital bodies.

Interestingly, while both High Agency conditions were rated
similarly, the High Without Task condition produced the highest self-
avatar overlap scores overall, even surpassing High With Task. This
suggests that although task engagement is often thought to increase
embodiment [73], in our case, removing the task may have allowed
participants to focus more on the avatar and the sensation of agency
itself, uninfluenced by external goals. The finding suggests further
exploration into how task relevance interacts with agency to affect
self-avatar merging.

4.3.2  Agency-Induced Autonomy May Suppress Susceptibility to
Social Influence. We speculate that the lack of significant anchoring
effects in the High Agency condition may reflect a heightened sense
of autonomy. According to self-perception theory [9], when individ-
uals perceive themselves as fully in control of their actions, they are
more likely to attribute their decisions to internal reasoning rather
than external influence. This increased self-reliance could, paradox-
ically, reduce their intention to incorporate the avatar’s estimate.
For example, one participant described this feeling as (translated to
English): “Even though I was no longer in the avatar when answer-
ing the question, I still believed that I was that person just now, so
I believed in my own cognition more.” Future work could explore
this by measuring social influence intention [11], or by introducing
situational cues that modulate perceived authority or credibility
of the avatar to better understand the interaction between agency
and cognitive perspective-taking.
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5 Discussion

This work used a controlled experiment design to investigate how
spatial presence and agency, two fundamental qualities of VR, affect
cognitive and affective perspective-taking in VR. Across two exper-
iments, we manipulated spatial presence (via environmental detail:
2D vs. 3D scenarios) and agency (via temporal synchrony: high vs.
low control, with or without a task), and measured cognitive and
affective perspective-taking. Taken together, the results showed
a clear dissociation between the two types of perspective-taking:
higher spatial presence (Figure 7) and agency (Figure 12) signifi-
cantly enhanced affective perspective-taking, but neither spatial
presence (Figure 6) nor agency (Figure 11) had a significant effect on
cognitive perspective-taking. Notably, the self-avatar overlap score
was highest in the high-agency-without-task condition, while there
was no significant difference between the high-agency-with-task
and low-agency-without-task conditions. This suggests that cogni-
tive load seems to play a key role. Therefore, we suggest that when
designing tasks in VR scenarios, we should not pursue high fidelity
of the scene as a default, but should consider the balance between
scene and task complexity. This result is contrary to the previous
intuition that a more realistic and detailed VR environment will
inevitably lead to stronger perspective-taking effects.

5.1 Implications of Spatial Presence and Agency
on VR Perspective-Taking

Our studies show that both spatial presence and agency enhance
participants’ affective perspective-taking, suggesting that they are
both effective ways to enhance self-other overlap in VR.

For spatial presence, we primarily affected the self-location as-
pect of Wirth et al. [108]’s spatial presence model. We manipulated
only the person’s surroundings and therefore did not expect any
effects on the possible actions part of the model, which is why
we did not measure it. Participants reported a stronger feeling of
“being there” in the mediated environment, as measured by the
item “ I felt like I was actually there in the environment of the
presentation.” [46]. However, because of the subjective nature of
presence and the difficulties of manipulating it in a meaningful
way [88], we added analyses on the median split scores of partici-
pants in addition to the ones comparing the values in the respective
environments. Therefore, our results are based on the actual expe-
rience of spatial presence rather than the intended environmental
manipulation. We chose spatial presence as defined by Wirth et al.
[108] because of the key difference of VR compared to other, 2D,
environments, as we were interested if the spatial component of
VR would make a difference on perspective-taking outcomes [49].
However, because our study operationalizes cognitive and affective
perspective-taking as distinct constructs grounded in psychologi-
cal theory, our findings should be interpreted within the broader
context of perspective-taking research.

In comparison, our agency manipulation targeted the control
component of embodiment as described by Kilteni et al. [63], that
is, the extent to which users experience themselves as the source
of the avatar’s movements rather than as passive observers.

However, it is important to note that while presence and agency
both increased affective perspective-taking, neither was sufficient
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to shift cognitive perspective-taking as operationalized by the an-
choring task. In other words, participants felt more similar to their
avatar, but this subjective merging did not translate into greater
susceptibility to the avatar’s estimate in a decision task. This find-
ing complicates common assumptions that deeper embodiment
necessarily leads to greater adoption of an avatar’s perspective in
all cognitive or social tasks. Instead, it suggests that embodiment
and perspective-taking may be partly dissociable processes in VR:
users can “feel similar” to the avatar without necessarily “thinking
like” the avatar.

While our work’s primary goal was not to study embodiment
as a dedicated goal, our findings draw connections to embodiment
research and theory (e.g., because agency is a foundational pillar
of embodiment [59, 90]). However, because perspective-taking and
embodiment are related but separate constructs we discuss their
relationship in the next paragraph.

5.2 The Relationship Between VR
Perspective-Taking and Embodiment

The term “perspective-taking” has different interpretations in
the VR and psychology literature. A we discuss in Section 2.1,
psychology typically differentiates spatial, cognitive, and affec-
tive perspective-taking [25, 36], where the latter two are often
summarized under psychological perspective-taking. Generally,
perspective-taking is understood as the ability to understand “an-
other person’s thoughts, feelings, and inner mental states” [26].
In VR research, the term can also include aspects related to the
way a person experiences a virtual environment visually. For exam-
ple, some researchers use it to describe the way a person sees a VR
experience. For instance, Hoppe et al. [51] present a perspective con-
tinuum that combines aspects of embodiment (e.g., within-character
versus out-of-character) with aspects of view point (e.g., within-
character versus out-of-character viewpoint). Aitamurto et al. [2]
consider perspective-taking as taking the perspective of a person in
a story. They investigate if a person sees a story shown in a video
as an observer or as an actor. In their work, perspective describes
the viewpoint of a person in a 180° or 360° video, and while the
person can see a body, they are not embodied.

Related to this, embodiment is often discussed alongside VR
perspective-taking but captures a different mechanism. Embodi-
ment concerns the extent to which users experience a virtual body
as their own, making it primarily a self-focused process that does
not inherently require representing another person’s mental states.
This contrasts with psychological definitions of perspective-taking,
which emphasize understanding another individual’s thoughts or
feelings [26]. One could ask if embodiment is an indicator of affec-
tive perspective-taking, because stronger embodiment is associated
with identification with an avatar [73]. From a psychological per-
spective, however, this move risks conflating a self-focused bodily
experience (embodiment) with an other-focused process of taking
another person’s perspective. Making this conceptual distinction ex-
plicit can help avoid conflating self-focused embodied experiences
with other-centered psychological perspective-taking, thereby im-
proving clarity and comparability across research in this area.
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Yong et al. [112] specifically refer to embodied perspective-
taking. In their study, participants watched a 360° video of a conver-
sation between two partners from the other partner’s point of view.
So while participants saw the video from another view, they did not
actually embody an avatar, which is often implicitly implied when
using “embodied” perspective-taking. For example, other works re-
fer to embodied perspective-taking as embodying a self-avatar of a
fellow student [104] or embodying a self-avatar resembling an older
person [76]. In that way VR perspective-taking can include embod-
iment of an avatar but does not have to. Simply watching a video
in a VR environment is also considered VR perspective-taking, and
described as “embodied” perspective-taking by some [112], others
reserve the term for the embodiment of a self-avatar [76, 104]. How-
ever, they way a person “psychologically takes a perspective” is not
included in those discussions (e.g., the way a person is instructed
in a perspective-taking task, such as imagining oneself in a specific
situation [7]). Our contributions are within the psychological under-
standing of perspective-taking, where our study reports how two
VR qualities influence psychological perspective-taking outcomes.
We investigated the influence of spatial presence and agency on
psychological outcomes but were not interested in embodiment
effects in our studies but found it useful to explain the difference
between the two to advance research on VR perspective-taking.

The polysemous meaning of the term “perspective-taking” makes
it challenging to synthesize research in the area of VR perspective-
taking. However, we argue that this makes research aiming to bridge
aspects of psychological perspective-taking with studies of how peo-
ple experience VR (e.g., through presence and agency) particularly
interesting and valuable. Such integration can help us understand
not only how VR perspective-taking influences VR-specific qualities
(e.g., embodiment) but also how it affects psychological constructs
of perspective-taking. Our study represents an initial step toward
examining the impact of VR-specific qualities on psychological
perspective-taking outcomes in a controlled setting. We encourage
future research to further explore the technical and perceptual fac-
tors that make VR “special” for perspective-taking, in particular in
studying its effect on psychological perspective-taking outcomes.

5.3 Explaining the Dissociation Between
Affective and Cognitive Perspective-Taking

First, our results suggest that although cognitive perspective-taking
and affective perspective-taking are often mentioned together by
researchers as social perspective-taking, they may be differently
susceptible in their influences. This dissociation is consistent with
prior neuroscientific findings suggesting that the two processes rely
on partly distinct neural mechanisms, with cognitive perspective-
taking more associated with the dorsomedial prefrontal cortex and
affective perspective-taking more associated with the ventromedial
prefrontal cortex [22].

Cognitive perspective-taking relies on higher-level, more effort-
ful cognitive processes such as reasoning, memory retrieval, and
executive function [28]. Our results suggest that these processes
are not susceptible to environmental cues alone. The observed null
effects may be because cognitive adjustments require explicit, con-
trolled strategies that are relatively isolated from “immersive” or
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“embodied” experiences, or because participants maintained self-
other boundaries during the reasoning task even when they felt
more emotionally aligned. This dissociation is consistent with mod-
els that separate emotional “integration” from cognitive “simulation”
or reasoning [21].

In addition, the elevated cognitive load imposed by immersive
VR environments may have further limited participants’ capacity
for such controlled cognitive processes. Prior research has demon-
strated that high-immersion VR, compared to low-immersion or
desktop-based environments, substantially increases cognitive load,
as users must continuously process complex multisensory input,
manage spatial orientation, and interact with rich virtual stim-
uli [69, 77]. This heightened cognitive load may deplete the atten-
tional and executive resources necessary for deliberate anchor ad-
justment or perspective-taking. As a result, even though immersive
cues may enhance affective engagement, they can paradoxically
reduce participants’ ability to engage in the kind of effortful, con-
trolled reasoning required for cognitive perspective-taking. This
may help explain why, in our study, increased presence or agency
did not translate into stronger cognitive alignment with the avatar.

Another possible explanation for the lack of significant cognitive
perspective-taking effects relates to the “manipulation threshold”
discussed in Experiment 1. Although both manipulations (presence
in Experiment 1 and agency in Experiment 2) were validated and
produced statistically significant changes in participants’ subjective
spatial presence or sense of agency, the absolute of these changes
may have been insufficient to elicit measurable shifts in cognitive
perspective-taking. For example, the difference in mean presence
scores between the 3D and 2D conditions was relatively modest
(3D: M =5.25,SD = 1.28; 2D: M = 4.84, SD = 1.45), possibly failing
to surpass a critical threshold needed to influence deeper cognitive
processes. Similarly, as shown in recent work by Iarygina et al. [55],
although the delay significantly affected participants’ agency, it was
not enough to break the sense of embodiment. Thus, it is possible
that our presence and agency manipulations, while effective at
enhancing affective engagement, were not strong enough to impact
the more robust and deliberative mechanisms underlying cognitive
perspective-taking.

5.4 Role of Task Demands and Cognitive Load

The experimental conditions of whether or not there was a task
seemed to provide further explanation for the cognitive load argu-
ment. Specifically, while the higher autonomy condition resulted in
higher affective perspective-taking overall, the high no-task condi-
tion obtained the highest scores, even exceeding the high with-task
condition. This finding suggests that the lack of a goal-oriented
task may enable participants to focus more fully on their embodied
experience and sense of autonomy, thereby enhancing affective
perspective-taking. Conversely, even in the high autonomy condi-
tion, adding a task seemed to slightly reduce subjective self-avatar
overlap, perhaps due to increased cognitive demands. When cog-
nitive resources are partially consumed by a task, there are fewer
resources available for internal reflection and self-other integration.
Therefore, a highly immersive, task-free environment may actually
be most conducive to maximizing the fit between self and avatar
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because it allows participants to fully focus on their sense of embod-
iment without the distraction or cognitive resource fragmentation
brought about by concurrent tasks.

5.5 Contributions and Implications

Taken together, our findings make several key contributions to the
understanding of how spatial presence and agency influence VR
perspective-taking. Firstly, by studying their main effects in two
separate experiments and by incorporating both task and no-task
conditions, our study provides evidence that affective and cognitive
forms of perspective-taking are affected in different ways by immer-
sive VR qualities. This extends previous literature by showing that
while increased presence and agency reliably enhance subjective
feelings of self-avatar overlap (affective perspective-taking), these
changes do not necessarily translate into greater cognitive align-
ment or decision-making influence (cognitive perspective-taking).

Secondly, our results highlight the critical role of cognitive load
in self-avatar relationships. We show that minimizing external task
demands in highly immersive environments can further enhance
self-avatar overlap, likely by freeing up cognitive resources for
affective integration. Conversely, even modest increases in cogni-
tive load (such as adding a task) can diminish this effect, pointing
to a practical design consideration for VR applications aiming to
maximize empathetic responses or self-other merging.

Applications in VR and Beyond. Our findings suggest important
directions for the design of VR experiences across a variety of
domains. In therapeutic or clinical settings, for example, VR systems
that facilitate high presence and agency in a task-free environment
may be most effective for interventions targeting empathy, self-
concept, or emotion regulation, such as for individuals with social
anxiety disorder. Similarly, in educational or training applications,
balancing the degree of user autonomy, presence, and cognitive load
could help tailor experiences for either affective learning (where
embodiment and identification are crucial) or analytical reasoning
(where excessive presence may in fact be detrimental).

For collaborative and social VR, our results indicate that op-
timizing conditions for affective resonance, such as minimizing
unnecessary tasks and maximizing agency, may help foster empa-
thy, trust, or group cohesion, especially in contexts where shared
identity or perspective-taking are desired outcomes. Additionally,
where independent reasoning and reduced susceptibility to social
influence are important (e.g., decision-making or negotiation sce-
narios), designers may wish to intentionally increase cognitive load
or task focus to maintain boundaries between self and avatar.

Overall, by clarifying the distinct mechanisms underlying affec-
tive and cognitive perspective-taking in VR, and by demonstrating
how these processes can be independently modulated through de-
sign choices, our work offers actionable insights for researchers
and practitioners seeking to leverage the unique affordances of
immersive technologies for psychological, educational, or social
outcomes.

5.6 Limitations and Future Work

While our work has systematically examined the independent ef-
fects of spatial presence and agency on cognitive and affective
perspective-taking in VR, we acknowledge several limitations.
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5.6.1 Limitations. First, we acknowledge potentially limited ma-
nipulation strength. Although both presence and agency manipula-
tions achieved significant subjective effects, the absolute differences,
especially for spatial presence, were relatively modest (3D: M = 5.25,
2D: M = 4.84). Identifying an effective, meaningful, and justified
way to manipulate presence remains a broader challenge in VR
research. As indicated in several synthesis articles (e.g., by Xiao
et al. [111] or Skarbez et al. [88]), presence is a multi-dimensional
construct and it remains difficult to ensure detailed measures of its
sub components. We chose spatial presence as a presence construct
that is related to the space, as this is often mentioned in psychology
perspective-taking studies as a major advantage of VR. We aimed
to induce different levels of spatial presence to be able to measure
a relationship to perspective-taking outcomes. Because presence
ratings are highly subjective, in our analysis, we also included a
median-split analysis to focus on the perceived presence rather than
the environmental manipulation. It is possible that the manipula-
tions did not reach the threshold required to elicit deeper changes
in cognitive processes. Stronger or more ecologically varied ma-
nipulations (e.g., highly realistic social scenarios, more extreme
agency disruptions) might produce different outcomes. Secondly,
our primary measure of cognitive perspective-taking relied on a
numerical anchoring paradigm, which, while widely used does not
capture all facets of cognitive alignment in VR. Future work should
combine anchoring with complementary, non-numerical measures
of cognitive perspective-taking, such as counterfactual thinking.
Additionally, in Experiment 1, we observed that some participants
accepted and copied the avatar’s anchor (i.e., they submitted the
same value). This may have occurred because of low familiarity
with the question or declining engagement during the task. These
incidences potentially added noise to the anchoring results. Despite
our improvements in Experiment 2 (i.e., participants could not en-
ter the same value as the avatar), anchoring effects were still not
significant. This pattern suggests that our experimental manipu-
lations had little impact on cognitive perspective-taking. Thirdly,
to ensure the validity of our results, both experiments adopted a
controlled laboratory design with multiple repetitions per condi-
tion (10 trials per condition in Experiment 1 and 6 in Experiment
2). To mitigate the risk that such repetition might reveal the study
purpose to participants, we introduced a cover story framed as a
“sign language learning” task. This framing justified the repeated
trials (as repetition is natural when learning a new skill) and en-
couraged participants to move their fingers, which aligned with
our manipulation of avatar agency. Nevertheless, this approach
may not have fully engaged participants, and repeated exposure
may still have introduced demand characteristics despite our ef-
forts. Fourth, although our paradigm is intentionally designed to be
scenario-independent to avoid confounds tied to specific narratives,
this design choice inevitably reduces ecological validity. Finally,
our sample size was modest (23 and 24 participants, respectively),
which may limit statistical power for detecting subtle cognitive ef-
fects. While our power analysis suggested sufficient sensitivity for
medium effects, future work with larger and more diverse samples
could improve robustness and generalizability.

5.6.2 Future Work. Based on these limitations, we suggest several
directions for future research. Future studies should test stronger
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presence (e.g., photorealistic avatars) and agency manipulations
(e.g., full loss of control) to better detect cognitive shifts. To address
the limitations of the anchoring paradigm, future research could
incorporate additional behavioral, physiological, or process-tracing
measures of cognitive perspective-taking, such as theory-of-mind
tasks, gaze alignment, or neural correlates, alongside self-report
self-avatar overlap. This multi-method approach may capture sub-
tler effects missed by the current design. Investigating how repeated
or prolonged VR perspective-taking interventions influence both
affective and cognitive alignment over time is essential. Longitudi-
nal designs could test whether initial increases in perceived overlap
or empathy translate into lasting changes in attitudes or social be-
havior. Expanding the participant pool to include individuals from
different age groups, cultures, or levels of VR familiarity can test
the robustness and external validity of the observed effects. This
could also address individual difference moderators, such as base-
line empathy. Finally, embedding perspective-taking tasks in more
realistic, emotionally, or morally charged scenarios, such as social
dilemmas, negotiations, or simulated discrimination experiences,
may increase sensitivity to both affective and cognitive changes
and better simulate real-world applications.

By addressing these points, future work can build on our stud-
ies’ controlled paradigm to identify the boundary conditions and
mechanisms through which VR qualities shape different facets of
perspective-taking, and inform the design of more impactful and
generalizable VR-based interventions.

6 Conclusion

This paper investigated how two key qualities of VR (spatial pres-
ence and agency) influence cognitive and affective perspective-
taking. Across two experiments, we found that manipulating spatial
presence through environmental realism (3D vs. 2D) and agency
through control responsiveness (synchronous vs. delayed avatar
motion) significantly affected participants’ subjective experience of
spatial presence and agency. High presence environments increased
participants’ subjective experience of spatial presence, while high
agency conditions led to greater perceived control over the avatar.
Importantly, these qualities had a consistent effect on participants’
perceived self-avatar overlap: both higher presence (Experiment 1)
and higher agency (Experiment 2) increased the degree to which
participants felt similar to the avatar. However, contrary to our
hypotheses, neither spatial presence nor agency significantly en-
hanced cognitive perspective-taking as measured through an an-
choring task: participants’ numerical estimates did not reliably
shift toward those of the avatar under high presence or high agency
conditions. This discrepancy highlights a possible dissociation be-
tween affective and cognitive alignment in VR perspective-taking.
These findings suggest that while embodiment fosters avatar—self
merging, it does not automatically translate to deeper cognitive
perspective-taking. Our work systematically examines how spa-
tial presence and agency influence different levels of perspective-
taking, showing that both qualities enhance affective perspective-
taking but do not produce corresponding improvements in cognitive
perspective-taking.
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A Full List of On-Screen Instructions and
Questions Used in the Experiment
This appendix lists all instructions and questions presented to par-

ticipants during the study. Questions were delivered inside the VR
environment using a graphical user interface.

A.1 Experiment 1
A.1.1  General Instructions (shown in VR at the start of each trial).

‘In this experience you will help this person learn
letters from the American Sign Language alphabet.
For this purpose, you will be embodied in the avatar
you are seeing. This means that your movements will
be aligned with the avatar’s movement. If you are
ready to start the experience, click ‘start’.

A.1.2  Presence Questions . Participants answered the following
statements on a 7-point Likert scale (1 = fully disagree, 7 = fully
agree):

o ‘Ifeel that I am actually in this virtual environment’
A.1.3  Anchor Estimation Task. Participants were presented with a

scenario-specific numerical estimate made by another person (the
“anchor”) and asked:

‘Please read the following anchor question carefully:*
e.g., ‘The other person says [anchor]. What do you
think? ¢

They then verbally reported their numerical estimates to the
experimenter.
A.1.4  Self-Avatar Overlap Rating.

‘Do you think you are similar to this person (in any
aspect, world view, values, cognition, etc.)?

(7-point Likert scale: 1 = fully disagree, 7 = fully agree)

A.1.5 Continue Prompt.

‘T am ready to the next trial. Please press Continue to
proceed.

Liyue Da and Teresa Hirzle

A.2 Experiment 2

Experiment 2 included the same procedure and questions as Ex-
periment 1, with two additions: a block of agency questions and a
confidence rating.

A.2.1 Agency Questions (After Embodiment). Participants rated
their experience of control and embodiment using the following
four statements on a 7-point Likert scale (1 = fully, 7 = fully agree):

e ‘The movements of the virtual body felt like they were my
movements.

o ‘I felt like I was controlling the movements of the virtual
body:

o ‘I felt like I was causing the movements of the virtual body:

e ‘The movements of the virtual body were in sync with my
own movements.

A.2.2  Confidence Rating (After Estimation).
‘How confident are you in your answer?‘

(7-point Likert scale: 1 = not confident at all, 7 = very confident)

A.2.3  Presence, Anchor, Confidence, and Self-Avatar Overlap Ques-
tions. The same set of presence questions, anchor estimation, con-
fidence rating, and self-avatar overlap rating from Experiment 1
were reused in Experiment 2. See previous section for full wording.

A.3 Results

A.3.1 Exploring influences of Presence and Anchor Direction on Cog-
nitive perspective-taking. In order to further explore how perceived
presence (“PresenceGroup”) and anchor direction (“AnchorGroup”)
might influence the absolute deviation from the anchor value, we
employed both multiple linear regression and two-way ANOVA.
The multiple linear regression allowed us to include interac-
tion terms and continuous predictors, providing a flexible model
to examine potential moderating effects. The two-way ANOVA,
on the other hand, treated both factors as categorical and provided
an interpretable framework for testing main and interaction effects
with fewer assumptions.

We included both analyses to ensure our findings were not depen-
dent on a single analytical approach. While the regression model
captured nuance in the data, the ANOVA allowed for a straightfor-
ward examination of whether categorical groupings (e.g., high/low
presence and high/low anchor) yielded systematic differences in
anchoring behavior.

Multiple Linear Regression. We fit an Ordinary Least Squares
(OLS) regression model predicting the standardized anchoring ef-
fect, AnchoringEffect_z, from two categorical variables: Presence-
Group (HighPresence vs. LowPresence) and AnchorGroup (HighAn-
chor vs. LowAnchor). We also included their interaction to capture
any synergistic effects. Table Table 1 reports the coefficient esti-
mates, standard errors, t-values, and p-values.


https://doi.org/10.1162/105474698565686
https://doi.org/10.1145/3706598.3714279
https://doi.org/10.1145/3706598.3714279
https://doi.org/10.1145/3613904.3642146
https://doi.org/10.1109/TVCG.2024.3456139
https://doi.org/10.1038/nn.3085
https://doi.org/10.1038/nn.3085

Virtual Perspectives: Effects of Spatial Presence and Agency on Affective and Cognitive Virtual Reality Perspective-Taking CHI 26, April 13-17, 2026, Barcelona, Spain

Table 1: OLS Regression Results for Anchoring Effect Table 2: Two-way ANOVA Results for Anchoring Effect
Term Coef.  Std. Err. t p-value Source Sum sq df F p-value
Intercept -0.1029 0.104 -0.991 0.325
C(PresenceGroup)[T.LowPresence] 0.0133 0.165 0.080  0.936 C(PresenceGroup) 0.1376 1 0.5550 0.4586
C(AnchorGroup)[T.LowAnchor] -0.0031 0.147 -0.021 0.983
C(PresenceGroup)[T.LowPresence]:C(AnchorGroup)[ T.LowAnchor] ~ 0.1326 0.226 0.586 0.560 C(AnchorGroup) 0.0554 1 0.2234 0.6378

C(PresenceGroup):C(AnchorGroup)  0.0852 1 03436  0.5595
Model Statistics: R? = 0.015, Adjusted R* = —0.024, F(3,76) = 0.3886, p = 0.762. Residual 18.8448 76 _ _

A.3.2  Experiment 2. The following table shows the complete re-
sults of some verifications.
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Table 3: Posthoc Wilcoxon Tests for Task Effect on Agency (Bonferroni-adjusted)

Comparison W praw Paij MedDiff Direction Sig.
Low_WithoutTask vs Low_WithTask 118.50 0.3680 1.0000 —0.0833  No difference ns.
Low_WithoutTask vs High_WithoutTask 150 <0.001 < 0.001 —-1.3958 Higher in High_WithoutTask *
Low_WithoutTask vs High_WithTask 0.00 <0.001 <0.001 —1.5833  Higher in High_WithTask
Low_WithTask vs High_WithoutTask 0.00 <0.001 <0.001 —1.3542 Higher in High_WithoutTask *
Low_WithTask vs High_WithTask 3.00 <0.001 <0.001 —1.5000 Higher in High_WithTask

High_WithoutTask vs High_WithTask 86.50 0.1170 0.7020 —0.0417  No difference ns.

Table 4: Repeated Measures ANOVA for Confidence-Weighted Anchoring Effect

Source df F P 71[2,

Agency Level (High vs Low) 1,23 0.0312 0.8613 < 0.001
Task (With Task vs Without Task) 1,23 0.0516 0.8222 < 0.001
Agency Level x Task 1,23 0.0505 0.8243 < 0.001

Table 5: Mean Confidence-Weighted AnchoringEffect_z by Condition

Condition Meanyeighted
High WithTask/HighAnchor —0.020
High WithTask/LowAnchor —0.078
High WithoutTask/HighAnchor —0.072
High WithoutTask/LowAnchor —0.062
Low WithTask/HighAnchor —0.009
Low WithTask/LowAnchor —0.030
Low WithoutTask/HighAnchor 0.047
Low WithoutTask/LowAnchor 0.022

Table 6: Means and standard deviations of self-avatar overlap scores in each experimental condition.

Condition Mean SD
High With Task 4.13 1.32
High Without Task 418  1.36
Low With Task 360 130

Low Without Task 374 125

Table 7: ART-based ANOVA results examining the main effects and interaction of Agency and Task on Self-Avatar Overlap
scores.

Source SS df MS F p 175
Agency 29277.63 1  29277.63 5.03 .035 .019
Task 12364.69 1 12364.69 7.07 014 .008

Agency X Task 63842.97 1 63842.97 35.25 < .001 .041
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