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Abstract
Visual perspective taking (VPT) is divided into Level-1 VPT and Level-2 VPT.
Existing theories are fundamentally divided regarding the relationship between
the two: dual-system theories propose that their internal mechanisms are inde-
pendent, whereas single-system theories argue that they share the same system.
Integrating these two theoretical perspectives, this paper proposes a three-stage
processing model, which posits that both Level-1 and Level-2 VPT undergo
three stages: information processing, perspective simulation, and information
integration and response selection. Behavioral and neural evidence indicates
that, across these three stages, the processing mechanisms of Level-1 and Level-
2 VPT may exhibit both differences and similarities: in the information process-
ing stage, they share a basic encoding of spatial information, but the representa-
tions involved in Level-2 VPT are more fine-grained; in the perspective simula-
tion stage, Level-1 VPT relies on rapid, non-embodied gaze following, whereas
Level-2 VPT requires embodied reference frame transformation and alignment
via mental self-rotation; in the information integration and response selection
stage, both may share the understanding of others’intentions, but Level-2 VPT
demands stronger cognitive control. The three-stage model constructed in this
paper provides a unified framework for understanding Level-1 and Level-2 VPT.
Future research should focus on developing experimental paradigms that can
dissociate each processing stage, further testing the temporal dynamics of this
model, and exploring in depth the triggering conditions of embodied mechanisms
in Level-2 VPT and their cross-modal integration.
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Abstract

Visual perspective taking (VPT) is commonly divided into level-1 and level-2
visual perspective taking. Current theories fundamentally disagree on their rela-
tionship: the two-systems account posits distinct mechanisms, while the single-
system account suggests shared processing. Integrating these perspectives, this
article proposes a three-stage processing model, which posits that both level-1
and level-2 VPT involve three stages: information processing, perspective sim-
ulation, and information integration with response selection. Behavioral and
neural evidence indicates that the mechanisms of level-1 and level-2 VPT ex-
hibit both similarities and differences across these stages. During information
processing, both share basic spatial information encoding, but level-2 VPT re-
quires more fine-grained representations. In the perspective simulation stage,
level-1 VPT relies on rapid, non-embodied gaze tracking, whereas level-2 VPT
involves embodied self-rotation with reference frame transformation. During in-
formation integration and response selection, both may share an understanding
of others’intentions, though level-2 VPT demands stronger cognitive control.
The proposed three-stage model offers a unified framework for understanding
level-1 and level-2 VPT. Future research should focus on developing experimen-
tal paradigms to dissociate these stages, employing high-temporal-resolution
techniques to examine the temporal dynamics of the model, and further inves-
tigating the triggering conditions of embodied mechanisms in level-2 VPT, as
well as cross-modal integration.

Keywords: visual perspective taking, two-systems account, single-system ac-
count, spatial cognition

The English poet John Donne once wrote,“No man is an island⋯each is a piece
of the continent.”As social beings, we constantly need to interact with others,
predict their behavior, understand their intentions, and respond appropriately.
Visual perspective taking (VPT) refers to the ability to mentally simulate and
understand others’visual experiences (Flavell et al., 1981). During social inter-
action, VPT enables us to infer others’attentional focus and what they see from
their viewpoint, thereby facilitating coordinated action (邵雨婷等, 2020). For in-
stance, when asking a friend sitting across from us to pour a glass of water, we
must recognize that they can see the cup on the table and understand that the
kettle on our right is on their left. VPT not only makes us aware of differences
between others’visual information and our own, but also provides a foundation
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for inferring more complex mental states such as beliefs and intentions (肖承丽
等, 2021; Pesimena & Soranzo, 2023; Samuel, Cole et al., 2023).

Flavell et al. (1981) proposed that VPT can be divided into two levels: level-1
VPT and level-2 VPT. Level-1 VPT focuses on simple binary judgments about
whether an object falls within another’s visual field—for example, realizing that
a person facing away from a bookshelf cannot see the books on it. Level-2 VPT,
by contrast, involves more complex inferential processes. It requires not only
judging whether an object is within another’s visual field, but also understanding
that even when both self and other can see the same object, differences in
viewing distance, angle, and other environmental factors will result in different
visual appearances (Flavell et al., 1981). For instance, when two people facing
each other simultaneously see a number on a table, we can understand that the
“6”in our view appears as “9”in the other’s view (Surtees et al., 2012). This
distinction between level-1 and level-2 VPT reflects the complexity of simulating
others’visual experiences.

Although Flavell et al. (1981) conceptually distinguished level-1 from level-2
VPT, the relationship between their internal mechanisms remains unclear—
whether they involve fundamentally different processing mechanisms or share
similar internal processes. Cole et al. (2020) noted that the VPT field currently
lacks a unified theoretical framework, and that clarifying the unique and shared
processing mechanisms of level-1 and level-2 VPT is a prerequisite for filling
this gap. Only by deeply understanding the internal processes of each type can
we construct a systematic theory covering different VPT types. Several leading
VPT researchers have jointly identified examining whether different forms of
VPT share processing mechanisms as a key issue for future perspective-taking
research (Samuel et al., 2024). Therefore, systematically elucidating the simi-
larities and differences between level-1 and level-2 VPT processing mechanisms
holds significant research value. Existing domestic reviews of perspective tak-
ing have primarily focused on developmental research (赵婧等, 2010), behavioral
paradigms (张越等, 2018), mechanisms of egocentric bias (吴梦慧等, 2022), debates
on implicit mentalizing versus submentalizing in automatic perspective taking
(李艺, 肖风, 2021), and the relationship between perspective taking and spatial
language communication (肖承丽等, 2021). No study has specifically examined
the relationship between level-1 and level-2 VPT.

Based on this, the present article aims to systematically clarify the similarities
and differences in processing mechanisms between level-1 and level-2 VPT. We
first examine the core controversy between the two-systems and single-system
accounts, identify their respective limitations, and propose an integrative“three-
stage processing model”as a novel analytical framework. Following this frame-
work, we systematically review behavioral and cognitive neuroscience evidence,
elaborating on the unique and shared mechanisms of level-1 and level-2 VPT
across the three stages of information processing, perspective simulation, and
information integration with response selection. Finally, based on this evidence
integration, we formally construct and elaborate the three-stage model of level-1
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and level-2 VPT, and propose future research directions to provide new perspec-
tives for the field.

2 The Relationship Between Level-1 and Level-2 Visual
Perspective Taking from Multiple Theoretical Perspectives
From a theoretical standpoint, no unified framework specifically for VPT cur-
rently exists. However, some “mindreading”theories have offered different in-
terpretations of the internal processes of level-1 and level-2 VPT in previous
research. Mindreading theories explore how humans understand others’mental
states, and some have discussed the relationship between level-1 and level-2 VPT
as supporting evidence. The most representative theories are the two-systems
account and the single-system account.

2.1 Basic Tenets of the Two Theories

The two-systems account posits two independent yet complementary systems
responsible for understanding others’mental states: a minimal mindreading
system and a full-blown mindreading system (Apperly & Butterfill, 2009; But-
terfill & Apperly, 2013; Low et al., 2016). The minimal mindreading system
develops early, with its core function being to represent“registration”—recording
spatial relationships between individuals, others, and objects (Apperly & But-
terfill, 2009). It operates rapidly, automatically, and is not easily disrupted by
background knowledge, but struggles with tasks requiring high flexibility such as
those involving beliefs (Apperly et al., 2006; Butterfill & Apperly, 2013). When
task demands become more complex, individuals must employ the full-blown
mindreading system (Surtees et al., 2012; Thompson, 2014). The full-blown
mindreading system, also called the flexible system, matures later in develop-
ment and is supported by language and executive function (Apperly & Butterfill,
2009; Samson & Apperly, 2010). It can flexibly handle more complex mental
state reasoning tasks, but operates slowly and consumes substantial cognitive
resources (Low et al., 2016).

In contrast, the single-system account argues that from infancy to adulthood,
only a single, continuously developing mental reasoning system exists (Car-
ruthers, 2016; Gómez-Tabares, 2023; Kloo et al., 2020). This system has a
rudimentary form in infancy and its functions gradually enrich during develop-
ment, evolving into the mature adult system. This theory denies the existence
of two independent parallel systems, attributing performance differences across
tasks not to different systems but to varying cognitive resource demands.

In summary, the two-systems and single-system accounts propose fundamen-
tally different assumptions about the basic architecture of mindreading: the
former advocates two independent, functionally complementary cognitive sys-
tems responsible for different categories of mental reasoning, while the latter
emphasizes that a unified system can explain performance differences across
mental reasoning tasks (李鸿锴, 2025). This theoretical disagreement also gen-
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erates conflicting views on the internal mechanisms of level-1 and level-2 VPT.
Next, we further clarify the specific viewpoints and conflicts of these two theories
in explaining VPT mechanisms.

2.2 Theoretical Conflicts Regarding VPT Mechanisms

The core conflict between the two-systems and single-system accounts concern-
ing VPT internal mechanisms centers on whether level-1 and level-2 VPT repre-
sent two completely independent mechanisms or share the same internal mech-
anism.

The two-systems account holds that level-1 and level-2 VPT depend on two
distinct processing mechanisms: level-1 VPT relies on the minimal mindreading
system, requiring only simple tracking of location visibility information, whereas
level-2 VPT involves the full-blown mindreading system and thus can under-
stand others’specific representations of objects (Low et al., 2016). The two
VPT mechanisms are parallel and independent, unable to directly exchange
information. This implies that under the two-systems framework, level-1 VPT
tends toward efficient automatic processing, while level-2 VPT depends more on
flexible but cognitively demanding processes. Key evidence for the two-systems
account comes from classic paradigms for level-1 and level-2 VPT tasks. In the
classic level-1 VPT paradigm—the dot-perspective task (Samson et al., 2010)—
participants judge the number of dots they or an avatar sees. Results show that
when perspectives conflict, even when explicitly told to ignore the avatar’s per-
spective, participants’responses slow down and errors increase. The two-systems
account interprets this as strong evidence that level-1 VPT can process others’
visual information rapidly and nearly automatically without explicit prompting.
In contrast, in the number recognition task measuring level-2 VPT (Surtees et
al., 2012), participants judging their own perspective were not slowed by the
discrepancy with the avatar’s perspective, suggesting that level-2 VPT con-
tent cannot be processed automatically and requires effortful mobilization of
cognitive resources.

However, single-system theorists have challenged these claims (Bohl & van den
Bos, 2012; Carruthers, 2016; Cole et al., 2020; Cole & Millett, 2019; Jacob,
2019; Tomasello, 2018). Research shows that the automatic processing in level-
1 VPT is not inevitable and can be modulated by beliefs about others’per-
ceptual abilities (Cole & Millett, 2019; Furlanetto et al., 2016). For example,
in Furlanetto et al.’s (2016) adapted dot-perspective task, when participants
believed the avatar wore opaque goggles, their response times did not increase
even when the avatar’s perspective conflicted with their own. This indicates
that level-1 VPT judgments are not fully automatic; they only occur when
participants know the other can see the object. Similarly, Elekes et al. (2016)
adapted the level-2 VPT number recognition task with three conditions: indi-
vidual, joint perspective-dependent, and joint perspective-independent. In the
individual condition, participants performed the number task alone. In the
joint perspective-dependent condition, a real partner sat before them, suppos-
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edly performing the same task. In the joint perspective-independent condition,
participants were told the partner was performing a different task. Results
showed that when participants knew and believed their partner was performing
the same task, their responses were significantly faster than in the individual
condition.

Westra (2017) noted that level-2 VPT tasks are not inherently “slow system”
tasks; with correct background knowledge and sufficient motivation, level-2 VPT
can also be rapid and efficient. Therefore, the single-system account argues
that differences between level-1 and level-2 VPT tasks stem from varying task
resource demands, not operation of two independent systems. Level-1 VPT
appears rapid and automatic because it only involves simple spatial relational
reasoning, whereas level-2 VPT appears slow and effortful because it requires
more complex operations (e.g., mental rotation) and thus mobilizes more cogni-
tive resources. This difference is quantitative rather than qualitative, with both
sharing the same underlying processing system. However, the single-system ex-
planation of a shared mechanism faces challenges. If level-1 and level-2 VPT
truly depend on a single system, their processing mechanisms should be highly
consistent, yet existing research reveals differences: level-1 VPT relies on rapid
gaze tracking (Michelon & Zacks, 2006), while level-2 VPT more heavily in-
volves bodily representation and simulation (Kessler & Thomson, 2010). These
differences are difficult to explain solely by differences in cognitive resource al-
location.

2.3 A New Theoretical Direction: The Multi-Stage Processing Model

Although the two-systems and single-system accounts provide insightful frame-
works for understanding the relationship between level-1 and level-2 VPT, they
essentially treat VPT as a holistic process dependent on specific system mod-
ules—whether two independent systems or one unified system. However, this
system-level division struggles to fully explain all empirical findings: the two-
systems account cannot explain why level-1 VPT’s “automatic”processing is
modulated by beliefs, nor why level-2 VPT can sometimes be rapid and efficient;
while the single-system account cannot clarify why level-1 and level-2 VPT sta-
bly depend on different core cognitive mechanisms. These limitations suggest
that a theoretical perspective at the holistic “system”level may fail to capture
the complexity of internal processing in level-1 and level-2 VPT, necessitating
a more inclusive and integrative new theoretical framework. VPT tasks are
not single cognitive acts but composite tasks comprising multiple subprocesses.
Whether completing level-1 or level-2 VPT, individuals must process perceptual
information, simulate others’perspective content, distinguish self from others’
perspectives, and inhibit interference from irrelevant perspectives. Therefore,
VPT cannot be simply summarized as“one system”or“two systems.”A more
reasonable speculation is that the relationship between level-1 and level-2 VPT is
dynamic across different processing subprocesses: at some stages, their cognitive
mechanisms may highly overlap, while at others they may call upon completely
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different processing mechanisms.

Based on this, we propose shifting the analytical focus from“system”to“stage,”
decomposing VPT into three main processing stages according to task demands:
(1) an information processing stage, involving preliminary perception and repre-
sentation of spatial relations and properties of self, others, and objects; (2) a per-
spective simulation stage, involving specific mental operations to simulate infor-
mation content from others’viewpoints; and (3) an information integration and
response selection stage, involving integration of multiple information sources,
inhibition of irrelevant perspective interference, and final decision-making. This
“three-stage processing model”does not presuppose that level-1 and level-2 VPT
are entirely independent or entirely shared, but instead seeks to examine at a
more fine-grained level which stages involve overlapping mechanisms and which
involve fundamental differences. This provides a more integrative theoretical
framework for understanding the complex relationship between level-1 and level-
2 VPT, which exhibits both commonalities and differences. Next, we systemat-
ically examine behavioral and neuroscientific evidence to lay a solid foundation
for constructing such an integrative multi-stage VPT processing model.

3 Behavioral Studies on Level-1 and Level-2 Visual Per-
spective Taking
Theoretical controversies in mindreading suggest that level-1 and level-2 VPT
may involve both distinct and similar processes. As previously discussed, we
propose a three-stage processing framework comprising information processing,
perspective simulation, and information integration with response selection. Fol-
lowing this framework, we systematically elaborate on the behavioral evidence
for mechanistic similarities and differences between level-1 and level-2 VPT
across these stages.

3.1 Information Processing Stage: Differences in Representational
Depth and Scope

At the initial processing stage of level-1 and level-2 VPT tasks, individuals must
encode basic elements of the visual scene, constructing a spatial situation model
encompassing self, others, and objects. Behavioral research indicates that the
core difference between level-1 and level-2 VPT at this stage lies in the depth
and scope of information representation.

Numerous studies show that level-1 VPT judgments depend on rapid assessment
of whether sightlines are unobstructed (Kelly et al., 2004; Michelon & Zacks,
2006). Michelon and Zacks (2006) conducted a classic study demonstrating
mechanistic differences between level-1 and level-2 VPT. In their experiment,
participants completed two tasks: judging whether objects were to the left or
right of an avatar (level-2 VPT task) and judging whether the avatar could
see target objects (level-1 VPT task). Results showed that level-1 VPT per-
formance was only affected by the distance between avatar and object, with

chinarxiv.org/items/chinaxiv-202601.00189 Machine Translation

https://chinarxiv.org/items/chinaxiv-202601.00189


longer distances yielding slower responses, but was unaffected by angular dif-
ferences between participant and avatar. This indicates that sightlines are the
key factor in level-1 VPT. Individuals performing level-1 VPT likely engage in
a gaze-tracking mechanism, imagining a“virtual line”from the avatar’s eyes to
the target object; if this line is not occluded, the object is visible (Michelon &
Zacks, 2006). Therefore, during the information processing stage of level-1 VPT,
participants only need to encode the physical property of “whether sightlines
are blocked,”resulting in shallow representational depth limited to the sightline
path itself. Subsequent studies manipulating sightline validity have corrobo-
rated this view. Goggles tasks by Furlanetto et al. (2016) and Marshall et
al. (2018) found that when participants believed the avatar wore opaque glasses,
the avatar’s perspective no longer automatically interfered with participants’
self-judgments. This shows that level-1 VPT triggering is not an unconditional
reflex but depends on beliefs about others’visual perceptual abilities, with sight-
line unobstruction being the physical prerequisite for such beliefs. Barrier tasks
by Baker et al. (2016) and O’Grady et al. (2020) yielded similar results. These
barrier tasks, built upon the traditional dot-perspective task, placed barriers
blocking sightlines between avatar and objects. In visible conditions, barriers
had “windows”allowing wall visibility; in invisible conditions, sightlines were
completely blocked. When barriers occluded the avatar’s view, the interference
effect of others’perspectives on self-task judgments disappeared. Collectively,
these findings suggest that during the information processing stage, level-1 VPT
primarily identifies environment information related to sightline paths, such as
encoding basic spatial relations like physical occlusion, distance, and head ori-
entation, with relatively limited scope.

In contrast, level-2 VPT requires deep and refined spatial representation. Un-
like level-1 VPT, level-2 VPT demands understanding objects’specific forms
(e.g., “6”vs. “9”) or precise locations (left or right) from others’perspectives.
This necessitates deeper processing of spatial information. Most research indi-
cates that sightlines have minimal impact on level-2 VPT (Quesque et al., 2018;
Ward et al., 2019; Ward et al., 2020). Ward et al. (2020) adapted a classic men-
tal rotation task, presenting rotated characters on a table with an irrelevant
person at the table’s edge. Results showed that even when character rotation
differed substantially from participants’own perspective, responses were faster
when character orientation aligned with the table-edge person’s upright orienta-
tion. Importantly, this process remained unaffected when the individual turned
their head away, indicating that level-2 VPT processing involves not only con-
firming sightline unobstruction but also more complex spatial transformations,
requiring precise representation of how objects might appear differently due to
perspective, as well as information about self and avatar body orientation. In
summary, during the information processing stage, level-2 VPT processes more
fine-grained and complex information, with its representational scope extending
from simple sightline paths to specific spatial relations and visual forms.
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3.2 Perspective Simulation Stage: Rapid Gaze Tracking vs. Embodied
Reference Frame Transformation

After completing basic spatial information representation, individuals must ex-
ecute core mental operations to simulate what others see. At this stage, level-1
and level-2 VPT exhibit distinct processing mechanisms.

Level-1 VPT simulation is relatively direct. As previously discussed, research
shows level-1 VPT is affected by distance between avatar and target but not by
angular differences between observer and target. Therefore, the perspective sim-
ulation stage in level-1 VPT primarily involves rapid“gaze tracking”(Michelon
& Zacks, 2006). Creem-Regehr et al. (2013) noted that this simulation mecha-
nism is non-egocentric transformation—individuals need not leave their inherent
spatial reference frame but remain anchored in their own perspective, merely
performing a virtual“line-drawing”operation within this framework to mentally
judge whether sightlines from others’eyes to target objects are interrupted.

Level-2 VPT perspective simulation, however, is more complex. The same study
by Michelon and Zacks (2006) showed that in level-2 VPT tasks, participants’
response times were significantly affected by angular differences between self
and avatar, with larger angles producing slower responses. This indicates that
level-2 VPT involves mental rotation. It is important to note that level-2 VPT
differs fundamentally from object mental rotation and should not be considered
identical psychological mechanisms (赵杨柯等, 2010). Researchers argue that
level-2 VPT is an “embodied”process (Müsseler et al., 2022; Samuel, Salo et
al., 2023).“Embodied”broadly means body-related, emphasizing that the body
plays an important role in cognition and perception (Wilson, 2002). Substantial
evidence demonstrates that level-2 VPT is closely related to body and action rep-
resentation (Fischer & Demiris, 2020; Kessler & Thomson, 2010; Surtees et al.,
2013; Yu & Zacks, 2017). Studies by Kessler and Thomson (2010) and Surtees et
al. (2013) found that body posture alignment is crucial for level-2 VPT. In these
studies, participants sat on rotating chairs to judge object locations and number
appearances from the avatar’s perspective. Results showed that for both types of
judgments, performance was better when participants’own movement direction
aligned with the avatar’s orientation (e.g., when participants rotated rightward
and the avatar also faced rightward). This demonstrates that bodily cues are
essential for level-2 VPT. During perspective simulation in level-2 VPT, individ-
uals mentally simulate the bodily movements (rotation/translation) necessary
to obtain the other’s viewpoint. This mental simulation is not object-based
mental rotation but rather an embodied self-rotation that matches one’s own
movement patterns to the avatar’s posture,“putting oneself in another’s shoes”
(Kessler & Thomson, 2010).

Furthermore, it is important to note that this embodied imagination of rotating
oneself to another’s perspective is not a“bit-by-bit”rotation but rather a transfor-
mation that reorients one’s reference frame to align with a new“principal axis.”
Wraga et al. (2005) and Negen (2025) used identical materials to compare men-
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tal rotation and self-rotation (similar to the perspective-taking rotation process
in level-2 VPT). Their test materials consisted of ten three-dimensional objects
made of cubes. The mental rotation task required participants to imagine the
object rotating to a certain angle; the self-rotation task required participants
to imagine themselves moving around the object to a fixed angle before mak-
ing a judgment. Results revealed that self-rotation performance did not decline
monotonically with increasing rotation angle but showed a distinctive “trough-
shaped”pattern. At intermediate angles (60°), participants’performance was sig-
nificantly better than at smaller (30°) and larger angles (90°, 120°). Researchers
argue that during self-rotation, participants rotate their reference frame to an-
other axis. When stimulus angles approach the orthogonal principal axes of
the participant’s unrotated reference frame (e.g., left-right, front-back axes),
transformation becomes easier and less costly, resulting in optimal performance.
Thus, embodied self-rotation in level-2 VPT involves aligning one’s own refer-
ence frame with others’reference frames.

In summary, during the perspective simulation stage, level-1 and level-2 VPT in-
volve completely distinct mechanisms. Level-1 VPT achieves simulation through
non-embodied, self-reference-frame-based gaze tracking, whereas level-2 VPT
accomplishes perspective switching primarily through embodied, self-reference-
frame-detached self-rotation and reference frame alignment.

3.3 Information Integration and Response Selection Stage: Poten-
tially Shared Understanding of Intentions and Mental States

After simulating others’perspectives, individuals enter the information integra-
tion and response selection stage. At this point, information from one’s own
perspective, simulated others’perspective information, and other social cues
from the scene are integrated. Simultaneously, individuals must inhibit irrele-
vant perspective information and select the target perspective for final judgment
according to task requirements. At this stage, level-1 and level-2 VPT may share
a process of integrating information about others’intentions and mental states.

Recent research reveals that social cues, particularly behavioral intentions, can
serve as high-level cues that are integrated to facilitate final response stage
judgments in both level-1 and level-2 VPT. As previously discussed, gaze is
important for level-1 VPT, yet some studies have not found unique gaze ef-
fects. Cole et al. (2016) also used a barrier dot-perspective task and found
that regardless of whether barriers had windows, participants’self-perspective
judgments were unaffected by others’perspectives. Conway et al. (2017) ma-
nipulated dot visibility using telescopes and similarly found consistency effects
regardless of whether avatars could see the dots. However, these contradic-
tory results do not completely negate the role of gaze in level-1 VPT. 李艺 et
al. (2021) suggested that such contradictions may arise from other factors in
experimental designs, such as avatar attributes and characteristics or instruc-
tion settings. In any case, gaze remains the most powerful influence on level-1
VPT, though it does not completely dominate task performance. Mayrand et
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al. (2024) noted that gaze signals typically communicate both viewing direction
and the gazing agent’s mental state. Perhaps perceptual cues about the agent’s
state and behavioral intentions also influence level-1 VPT. Hu et al. (2025) pro-
vided important evidence through a series of level-1 VPT experiments. Results
showed that when avatars performed both gaze and reach actions, or gaze alone,
they could elicit spontaneous visual perspective taking. However, the strongest
perspective-taking effect occurred only when avatars simultaneously displayed
gaze and reach behaviors, with gaze preceding reach, because this sequence con-
forms to the normal human behavior pattern of“perception before action”and
is more easily understood. This suggests that when perceptual cues clearly con-
vey others’goal-directed intentions, they more effectively support level-1 VPT,
thereby facilitating final judgments about others’visual accessibility.

Similarly, research has demonstrated that when participants perceive cues point-
ing to others’mental states or intentions, level-2 VPT performance is also en-
hanced. Lukošiūnaitė et al. (2024) compared level-2 VPT performance under
“action”(avatar reaching for a cup) versus“no action”(avatar’s hands on lap or
one hand beside the cup) conditions, finding that the action condition facilitated
level-2 VPT. Brady et al. (2024) also confirmed in their level-2 VPT study that
when avatars interacted with target objects, such as making pointing or grasp-
ing actions, participants’judgments of objects’left-right positions relative to the
avatar became more accurate. Based on these findings, both level-1 and level-2
VPT may involve a process of understanding others’mental states or intentions
from perceptual cues. Understanding others’goals and intentions in the current
situation can serve as a cue that participates in information integration for both
level-1 and level-2 VPT, subsequently influencing final decisions.

In summary, through systematic review using the three-stage framework, behav-
ioral research evidence clearly demonstrates mechanistic similarities and differ-
ences between level-1 and level-2 VPT across three stages: During information
processing, they differ in representational depth and scope—level-1 VPT rep-
resents basic spatial information related to sightline paths with limited scope,
while level-2 VPT requires representation of finer spatial relations and forms. In
perspective simulation, they exhibit fundamental mechanistic differences: level-
1 VPT achieves simulation through non-embodied gaze tracking, while level-2
VPT accomplishes simulation through embodied reference frame rotation and
alignment. In information integration and response selection, both VPT types
likely share the integration of information about understanding others’behav-
ioral intentions. Next, we delve into the neural mechanism level to examine the
neural basis of this behavioral framework.

4 Neuroscientific Studies on the Mechanisms of Level-1 and
Level-2 Visual Perspective Taking
Behavioral research demonstrates the similarities and differences between level-
1 and level-2 VPT within the three-stage processing model, while cognitive
neuroscience research further supports and deepens this model at the neural
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level.

In the information processing stage, neuroimaging studies also confirm that
level-1 and level-2 VPT commonly activate brain regions responsible for initial
processing of visuospatial information, though with differences in activation in-
tensity and extent. Numerous studies have detected increased blood oxygen
level-dependent (BOLD) signals in secondary visual cortex, precuneus, supe-
rior parietal lobule, and left inferior parietal lobule during level-2 VPT, regions
related to spatial perception and visual information processing (Wraga et al.,
2005; Zacks et al., 2003). Level-1 VPT also activates left inferior parietal lob-
ule and bilateral precuneus regions involved in visuospatial processing (Zacks
& Michelon, 2005). Activation in these regions ensures that both VPT types
can perceive and represent necessary visuospatial information. Additionally, a
recent functional magnetic resonance imaging (fMRI) study directly compared
the neural mechanisms of level-1 and level-2 VPT. Results showed that both
significantly activated bilateral occipitoparietal cortex and small right frontal
regions, but only level-2 VPT significantly activated a broader network including
inferior frontal gyrus, precentral gyrus, inferior parietal lobule, supplementary
motor area, insula, and cerebellum. Functional connectivity analysis revealed
that level-2 VPT activated the dorsal attention network and frontoparietal con-
trol network significantly more strongly than level-1 VPT (Schurz et al., 2025).
Researchers noted that although both level-1 and level-2 VPT involve basic
visuospatial information processing mechanisms (e.g., bilateral occipitoparietal
cortex) and cognitive control regions (e.g., small right frontal regions), level-1
VPT shows relatively limited neural activation, supporting the notion that it pri-
marily relies on rapid sightline tracking. Level-2 VPT, however, has more com-
plex neural processing pathways, activating deeper, more advanced networks
to handle complex perspective conflicts and cognitive control demands (e.g.,
heightened activation of dorsal attention and frontoparietal control networks),
and can perform advanced functions such as mental rotation and recoding spa-
tial relations (Schurz et al., 2025). This also suggests that level-2 VPT requires
higher cognitive control demands and processing depth during the information
integration and response selection stage.

On the other hand, cognitive neuroscience research supports the unique em-
bodied mechanism of level-2 VPT during the perspective simulation stage. For
example, an early classic fMRI study confirmed that when individuals imagined
rotating around an object (i.e., embodied self-rotation in level-2 VPT), activa-
tion primarily occurred in middle occipital gyrus, insula, supplementary motor
area, extrastriate body area, and right superior parietal lobule (Wraga et al.,
2005). These regions, among other functions, participate in encoding body rep-
resentation (Fontan et al., 2017), but such activation was not found in level-1
VPT, supporting the hypothesis that only level-2 VPT involves embodied sim-
ulation (Gunia et al., 2021).

However, neuroimaging research remains controversial regarding the behavioral
hypothesis that both level-1 and level-2 VPT involve understanding others’men-
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tal states and intentions from perceptual cues. This controversy primarily cen-
ters on the right temporoparietal junction (rTPJ) and dorsomedial prefrontal
cortex (dmPFC). The rTPJ and dmPFC are important hubs of the“social brain,”
highly interconnected with various social cognition regions and participating in
theory-of-mind processes (Schurz et al., 2014). Most studies suggest that rTPJ
and dmPFC play important roles in level-2 VPT (Aichhorn et al., 2006; Santi-
esteban et al., 2012; Seymour et al., 2018). For instance, Seymour et al. (2018)
used a left-right judgment level-2 VPT paradigm combined with magnetoen-
cephalography (MEG) and fMRI, finding that as angular differences between
self and other perspectives increased, participants’response times lengthened
significantly, and theta band (3-6 Hz) power in rTPJ, right anterior cingulate
cortex, and right dorsolateral prefrontal cortex increased significantly. The
rTPJ played a core coordinating role, connecting visual regions, mentalizing
networks, and motor/body schema networks via theta oscillations (Seymour et
al., 2018). Additionally, dmPFC shows significant activation in level-2 VPT
(David et al., 2006; Lieberman et al., 2019; Wittmann et al., 2016). Mazzarella
et al.’s (2013) fMRI study found that during level-2 VPT tasks, dmPFC BOLD
signals increased linearly with angular differences between avatar and partic-
ipant. However, these studies did not observe similar activation patterns in
rTPJ and dmPFC during level-1 VPT tasks (Seymour et al., 2018; Wang et al.,
2016). Martin et al. (2020) used High-Definition transcranial Direct Current
Stimulation (HD-tDCS) to directly compare dmPFC and rTPJ roles in level-1
versus level-2 VPT, finding that stimulating either rTPJ or dmPFC produced
no significant effects on level-1 VPT task performance.

However, in another HD-tDCS study, Martin et al. (2019) found that dmPFC
did affect explicit level-1 VPT tasks (explicit tasks being those where partici-
pants were explicitly instructed to respond from their own or others’perspec-
tive). Additionally, Rochas et al. (2023) used high-density EEG to analyze
neural mechanisms in dot-perspective tasks. Results showed that during level-1
VPT self-tasks, early brain activation primarily concentrated in basic visual at-
tention and information integration regions, including parahippocampal gyrus,
occipital lobe, and lingual gyrus. In other-tasks, brain activation began later
but involved broader high-level networks: from 500 ms onward, activation signif-
icantly expanded to mentalizing networks related to theory of mind (precuneus,
posterior cingulate cortex), angular gyrus, and frontoparietal executive networks
responsible for cognitive control; notably, right frontal and temporoparietal re-
gion activation was particularly prominent, consistent with two previous EEG
studies (Beck et al., 2018; McCleery et al., 2011). Yao et al. (2021) conducted a
meta-analysis of 13 non-invasive brain stimulation studies on level-1 and level-2
VPT, finding that excitatory stimulation of rTPJ improved participants’perfor-
mance in level-1 VPT other-tasks, particularly when self and other perspectives
were inconsistent. This suggests that rTPJ can also inhibit self-perspective inter-
ference in level-1 VPT, facilitating judgments about others’visual accessibility;
dmPFC stimulation similarly impaired participants’performance in self-tasks,
possibly enhancing the salience of irrelevant other-perspective information and
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thereby interfering with self-perspective judgments. Surprisingly, however, this
study found no significant effects of rTPJ and dmPFC stimulation on level-2
VPT.

Bukowski (2018) noted that task type differences may be an important cause of
these inconsistent results. Some studies used explicit tasks, others used implicit
tasks, and some included both self- and other-tasks. However, when interpret-
ing results, these studies did not deeply analyze why certain brain regions were
only activated in one task type (Bukowski, 2018; Yao et al., 2021). As Mar-
tin et al. (2019) demonstrated, explicit level-1 VPT tasks showed activation of
social cognition-related brain regions, suggesting that perhaps only when task
demands or situational cues explicitly include others’states or intentions (e.g.,
explicit reaching actions), or when participants are explicitly required to con-
sider others (e.g., in other-tasks), will level-1 VPT recruit such social cognition
networks. Additionally, as previously mentioned, some EEG studies show that
level-1 VPT only involves theory-of-mind-related brain regions at later stages
(Beck et al., 2018; McCleery et al., 2011; Rochas et al., 2023), while Seymour
et al. (2018) also noted that as level-2 VPT progresses, rTPJ gradually reduces
connectivity with visual regions and strengthens connections with mentalizing
and body schema regions. Therefore, this shared mechanism for understanding
mental states and intentions more likely exists at later stages of both level-1
and level-2 VPT, particularly functioning during the information integration
and response selection stage.

In summary, existing cognitive neuroscience research further supports and ex-
tends behavioral hypotheses about the internal mechanisms of the two VPT
types. First, during the information processing stage, both VPT types involve
mechanisms for processing and representing visuospatial information (e.g., bi-
lateral occipitoparietal cortex), but due to different task demands, level-2 VPT
additionally activates higher-level brain regions processing deeper information
(e.g., heightened activation of dorsal attention and frontoparietal control net-
works). Second, during the perspective simulation stage, level-2 VPT uniquely
involves several body-encoding brain regions (e.g., insula, supplementary motor
area, extrastriate body area, and right superior parietal lobule) compared to
level-1 VPT, confirming that only level-2 VPT has an embodied process. Dur-
ing information integration and response selection, both level-1 and level-2 VPT
involve brain regions for cognitive control (e.g., right prefrontal cortex) that
require inhibiting irrelevant information to judge target perspectives, though
level-1 VPT demands lower cognitive load. However, controversy remains re-
garding whether both VPT types activate social cognition-related brain regions,
though online cues with clear intentions likely stabilize the shared mechanism
of understanding others’intentions and mental states in both level-1 and level-2
VPT.
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Figure 1

Figure 1: Figure 1

5 Hypotheses on the Internal Mechanisms of Level-1 and
Level-2 Visual Perspective Taking
This article has progressively examined the mechanistic similarities and differ-
ences between level-1 and level-2 VPT. First, through analysis of existing min-
dreading theories, we suggested that level-1 and level-2 VPT may involve both
distinct and shared mechanisms, proposing the three-stage model. Next, we
explored behavioral and cognitive neuroscience research to identify specific sim-
ilarities and differences across stages. Behavioral research found that during
information processing, the two VPT types differ in processing depth and scope;
during perspective simulation, level-1 VPT relies more on rapid gaze tracking
mechanisms, while level-2 VPT includes embodied reference frame alignment
through self-rotation—a crucial internal process difference. Additionally, dur-
ing information integration and response selection, both may need to integrate
others’mental states and intentions from cues. Neuroscience research provides
supporting evidence: both level-1 and level-2 VPT activate brain regions for
processing and representing visuospatial information, but level-1 VPT more
heavily involves basic visual feature processing, supporting behavioral hypothe-
ses about the information processing stage and providing evidence for rapid
sightline matching mechanisms in perspective simulation. Furthermore, level-2
VPT additionally activates body-encoding brain regions, aligning with behav-
ioral findings of embodied mechanisms. Finally, level-2 VPT activates more
advanced cognitive control mechanisms, indicating higher cognitive load dur-
ing information integration and response selection. While controversy exists
over whether both VPT types involve social cognition-related brain regions (pri-
marily rTPJ and dmPFC), this controversy suggests that when cues contain
explicit intentions, both level-1 and level-2 VPT likely share the mechanism of
understanding others’mental states and intentions.

Based on systematic integration of the aforementioned behavioral and neurosci-
entific evidence, we formally propose the “three-stage model”of internal mech-
anisms for level-1 and level-2 VPT. The processing of both level-1 and level-2
VPT can be parsed into three stages, with distinct yet similar mechanisms op-
erating within them (see Figure 1

):

Figure 1 Internal Mechanisms of Level-1 and Level-2 Visual Perspective Taking

The first stage is information processing. Both level-1 and level-2 VPT require
processing and representing visuospatial information, such as directional cues
(sightlines, body orientation) and objective environmental cues, to establish
a spatial region encompassing self, other, and object. At this stage, level-1
and level-2 VPT differ in representational depth and processing scope. Level-1
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VPT only needs to focus on physical conditions related to sightline paths (e.g.,
distance, lighting, occlusion) (Michelon & Zacks, 2006) and self-other sightline
and head directions (Furlanetto et al., 2016; Marshall et al., 2018; O’Grady et al.,
2020). Level-2 VPT, however, requires representing objects’specific forms and
locations and others’body orientations, involving deeper processing (Samuel,
Cole et al., 2023; Samuel, Salo et al., 2023; Schurz et al., 2025; Wang et al.,
2025).

The second stage is perspective information simulation. After processing ba-
sic information, participants must simulate others’perspective information. At
this point, level-1 and level-2 VPT operate through two different simulation
mechanisms. Level-1 VPT tracks others’sightline paths to judge whether occlu-
sion exists between objects and others; when objects exist within others’spatial
regions without being blocked, they are visible (Creem-Regehr, 2013). This
process is more based on physical properties of visual scenes and individuals’
visual-spatial perception abilities, thus having an automatic foundation, though
actual performance remains influenced by task goals and executive functions
(Todd et al., 2017). Level-2 VPT is more complex. First, individuals must
match their own body movement patterns to the avatar’s body posture—for ex-
ample, shifting from one’s own standing posture to the avatar’s sitting posture.
This simulation process consumes relatively few cognitive resources, primarily
relying on postural control mechanisms that integrate visual, proprioceptive,
and vestibular signals (Yeh et al., 2021). Next, individuals must determine the
spatial transformation path from self-location to other-location—for example,
mentally simulating leftward rotation when the other is located to the left. Fi-
nally, individuals set movement directions to align reference frames, matching
their own principal axis with others’principal axes (Fischer & Demiris, 2020;
Kessler & Thomson, 2010; Surtees et al., 2013; Yu & Zacks, 2017).

The third stage involves integrating information, inhibiting irrelevant perspec-
tives, and selecting target perspectives. At this stage, individuals must not only
integrate self and other perspective information but also understand intentions
and mental states from cues, though this understanding may only be integrated
when cues are explicit (Brady et al., 2024; Ford et al., 2024; Hu et al., 2025;
Mayrand et al., 2024; Ueda et al., 2021). Integration of this information jointly
influences level-1 and level-2 VPT’s inhibition of irrelevant perspective infor-
mation and selection of target perspectives for judgment (Ciorli & Pia, 2023).
Level-2 VPT requires stronger working memory and inhibitory control capabil-
ities than level-1 VPT to execute this stage (Schurz et al., 2025).

6 Summary and Outlook
VPT is a critical process for individuals to understand others’perceptual ex-
periences and is essential for social interaction and social cognition. Through
systematic analysis of theoretical controversies, behavioral and neuroscientific
evidence on level-1 and level-2 VPT, this article proposes a novel “three-stage
integrative model.”This model provides a unified and powerful framework for un-
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derstanding mechanistic similarities and differences between level-1 and level-2
VPT. Future research should continue to advance along several key directions:

First, future behavioral research should focus on designing experimental
paradigms that can truly dissociate the three stages and explore which stages
different influencing factors affect in level-1 versus level-2 VPT. Process
dissociation procedure (PDP) studies have already attempted this. PDP is
an analytical method that assumes all task performance is simultaneously
controlled by resource-demanding controlled processes and fast, unintentional
automatic processes. In VPT self-tasks, the automatic process computes others’
perspectives, while the controlled process selects self-perspective. In consistent
conditions, correct responses represent successful operation of both automatic
and controlled processes (since other-perspective matches target perspective);
in inconsistent conditions, error responses represent controlled process failure
with automatic process success. Substituting individuals’behavioral data
from these two conditions into specific mathematical models can calculate the
strength of both processes, thereby exploring how different influencing factors
affect these processes (Qureshi & Monk, 2018; Todd et al., 2019; Todd et al.,
2021). PDP research can examine how the same influencing factor affects
different VPT processes—for example, Todd et al. (2017) used PDP to find that
time pressure weakened VPT’s controlled process but not its automatic process.
However, PDP does not truly separate different processes within the same
task programmatically, and its division into automatic and controlled stages
is overly simplistic and mechanistic. Therefore, future research should strive
to develop experimental paradigms that can dissociate different VPT stages
and further explore whether the same influencing factor produces identical
effects on different stages of level-1 and level-2 VPT, thereby providing further
evidence for mechanistic differences between the two VPT types.

Second, future neuroimaging research should enhance temporal dynamics stud-
ies and examine task types to resolve controversies about social cognition brain
regions. We have proposed model hypotheses for the three stages of level-1 and
level-2 VPT, but are these stages strictly serial or partially overlapping? What
are their respective temporal relationships? Answering these questions requires
increased application of high-temporal-resolution techniques (e.g., EEG/MEG).
By analyzing activation sequences and functional connectivity patterns of spe-
cific brain networks (e.g., body representation networks, social brain networks)
across different time windows, we can test the temporal dynamics of the three-
stage model and provide more direct evidence. Furthermore, substantial con-
troversy remains regarding whether core social cognition brain regions such as
rTPJ and dmPFC jointly participate in both VPT types and under what con-
ditions (Martin et al., 2020; Yao et al., 2021). This inconsistency likely stems
from insufficient consideration of task paradigm heterogeneity. Future research
should consciously compare explicit versus implicit tasks and conditions with
versus without explicit intention cues (e.g., pointing, grasping actions) to clarify
the conditions for social cognition brain region involvement.
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Finally, future research can continuously expand the model hypotheses proposed
here to broaden their applicability and explanatory power. For instance, deeper
investigation of the characteristics and internal processes of level-2 VPT’s em-
bodied mechanisms is needed. Although level-2 VPT is widely recognized as
having this embodied self-rotation mechanism, the conditions under which this
mechanism is mobilized remain unclear. Janczyk (2013) conducted a series of
psychological refractory period (PRP) tasks. PRP is a classic dual-task inter-
ference paradigm where participants perform two tasks simultaneously. If both
tasks require central processing system resources, then when the two tasks are
presented in rapid succession, the second task’s response time is significantly
prolonged because the central processing stage has a“bottleneck”that can only
handle one task’s “decision”component at a time (Pashler, 1994). Notably,
Janczyk (2013) found that when only small-angle rotations were required, the
interval between the two tasks did not affect level-2 VPT performance, indi-
cating that level-2 VPT was unconscious and could proceed in parallel with
other processes without being limited by central capacity. Only when large an-
gles exceeding 60° needed processing did level-2 VPT begin to occupy central
capacity. This suggests that the body-reference-frame-based simulation mecha-
nism may not be fully triggered in low-difficulty tasks, raising the question of
what processing mechanism individuals rely on to complete level-2 VPT under
such conditions—currently lacking direct evidence. Therefore, when construct-
ing mechanistic hypotheses, this article referenced Yeh et al.’s (2021) proposal
to preliminarily divide the mental simulation stage into two subprocesses: au-
tomated posture matching and subsequent rotation alignment. This division
remains theoretical speculation awaiting future empirical support.

Additionally, “embodied”represents “putting oneself in another’s shoes.”Ex-
isting research has primarily examined the roles of visual information and body
representation, but whether other sensory information also promotes embodied
processes remains unexplored—such as auditory, tactile, or olfactory information.
Guo et al. (2024) showed that during level-2 VPT, auditory information can also
be integrated when establishing an other-centered reference frame. However, few
researchers have examined cross-modal interactions in other-centered reference
frames. Beyond this expansion, future research should not be limited to current
hypotheses but should more deeply explore characteristics of other processes.
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