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ABSTRACT

Teleportation is one of the most widely used locomotion techniques
in virtual reality (VR) because it is efficient, minimizes motion sick-
ness, and enables large-scale spatial traversal with minimal effort.
However, research on the Doorway Effect shows that spatial tran-
sitions can impair memory of information encountered just before
the transition. Event Segmentation Theory (EST) explains this by
proposing that salient changes disrupt a person’s working memory
representation, causing recently encoded information to be replaced
and reducing its availability for retrieval. By extension, the design
of spatial transitions in VR may influence whether memory is dis-
rupted or preserved, which could be a consideration in applied con-
texts such as education and training. One way to mitigate such im-
pairment is to provide predictive cues about the upcoming change
to reduce disruption. In VR, this can be implemented through tele-
portation previews, which give users a glimpse of the destination
before arrival. In this experiment, we adapted the Doorway Ef-
fect paradigm to examine how two teleportation design factors —
preview availability and environmental change — affect memory.
Using a within-subjects 2×2 design (N = 27), participants studied
a set of 3D objects, then teleported either within the same envi-
ronment or into a different one, with or without a preview of the
destination. After each transition, they completed a visual recogni-
tion task. Results showed two key findings: (1) without previews,
recognition declined when teleporting into a different environment
compared to remaining in the same one, and (2) when transition-
ing between different environments, providing a preview improved
recognition relative to no preview. Together, these results indicate
that both the distinctiveness of environments and the availability
of previews shape memory during VR transitions. We discuss how
these findings align with EST, highlight the cognitive consequences
of teleportation design, and provide guidance for designing transi-
tions that better support memory in applied contexts such as educa-
tion and training.

Index Terms: Teleportation, Previews, Environment Transitions,
Visual Recognition, Memory.

1 INTRODUCTION

Locomotion is fundamental to the experience of virtual reality
(VR), enabling users to explore diverse immersive virtual envi-
ronments (VEs) and to transition seamlessly between them. This
flexibility supports a wide range of applications, from education to
training and simulation, by providing access to contexts that would
otherwise be inaccessible. For example, students can move directly
from a historical landmark into a molecular model or a simulated
laboratory, gaining experiential access across disciplinary domains.
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The ability to move between VEs is of one of VR’s most power-
ful affordances. Among the many available locomotion techniques,
teleportation has become the de facto standard, as it is simple to
implement, efficient, and minimizes motion sickness while allow-
ing large-scale traversal with little physical effort [29]. Yet, despite
its practicality, teleportation can introduce hidden cognitive conse-
quences. Research has shown that teleportation can reduce spatial
awareness [1,42], impair spatial memory [15], and induce disorien-
tation [3]. Compared to joystick locomotion, it has been found to
impose greater workload [21], although automated locomotion can
lower such demands [23]. While prior work has examined telepor-
tation primarily in terms of spatial cognition and workload, many
VR learning and training scenarios depend on users’ ability to retain
non-spatial information across teleports. This leaves open the ques-
tion of how teleportation design choices affect non-spatial memory
processes, such as visual short-term memory for 3D objects.

When experiences depend on learning or memory, such as in ed-
ucation and training, the memory organization of the experience be-
comes especially critical. Event Segmentation Theory (EST) [55]
provides one such framework. According to EST, individuals build
structured working memory (WM) representations known as event
models, which bind together the features of an ongoing experience
into a coherent whole. The stability of these event models depends
on how the individual perceives the flow of experience. When the
current situation is coherent and predictable, the model is preserved
and information remains accessible. By contrast, salient changes —
such as context shifts [6], abrupt transitions [28], or unpredictable
outcomes [35] — can prompt to update its model. This updating
process replaces older information with incoming information, re-
ducing its availability. The Doorway Effect exemplifies this mecha-
nism: recall for information acquired just before a spatial transition
often declines when a person moves from one room to another [38].
For example, introducing new environmental cues can destabilize
the current event model, making updating more likely and reducing
access to prior content. This effect has been replicated across real-
world environments [40], desktop-based virtual environments [38],
narrative comprehension tasks [44], and even imagined spatial tran-
sitions [26]. In each case, noticeable changes triggered WM updat-
ing, with the cost of reduced recall for earlier information. Findings
in immersive VR, however, are mixed: three studies report null re-
sults [30, 52, 54], while one more recent study provides supporting
evidence [39]. These inconsistencies and relevance raise important
questions about whether and how VR transition design moderates
the effect.

Given that predictive cues about an upcoming event can miti-
gate the memory impairment [35], we were motivated to explore
teleportation destination previews. While many design parameters
merit investigation, such as transition speed, preview fidelity, and
animation styles, our experiment focused on two core variables that
directly modulate predictive information: preview availability (the
presence of predictive information) and the magnitude of environ-
mental change (the degree of visual and contextual shift between
environments). Firstly, previews provide users with a glimpse of the
destination environment before teleporting [20]. Rather than plac-
ing users instantaneously into an unfamiliar space, previews allow

zubin.choudhary@ucf.edu
ferran.argelaguet@inria.fr
bruder@ucf.edu
welch@ucf.edu


them to anticipate and prepare for the upcoming change. From the
perspective of EST, previews are relevant because they increase pre-
dictability: when individuals can anticipate the transition, the cur-
rent event model can be adapted rather than abruptly replaced, pre-
serving access to recently encoded information [35]. By contrast,
teleportation without previews offers no opportunity for the indi-
viduals to anticipate the destination, making the transition abrupt
and more likely to disrupt memory. The second factor is the mag-
nitude of environmental change, which serves as a control variable
grounded in prior work. In the classic paradigm [38, 40, 41], mem-
ory declined more when participants moved between rooms com-
pared to remaining in the same one. VR allows this manipulation to
be extended by altering perceptual features such as spatial layout,
visuals, and auditory cues, thereby influencing how substantial a
transition feels and how well prior information is remembered [5].
Although well motivated by EST, the impact of perceived change
magnitude has not been explicitly tested in VR across VEs.

To investigate these questions, we conducted a within-subjects
experiment using a 2× 2 full factorial design (N = 27). The in-
dependent variables were (1) preview availability (preview vs. no-
preview) and (2) magnitude of environmental change (same vs. dif-
ferent VE). On each trial, participants remember five 3D objects
in a VE and then teleported either within the same environment or
into a perceptually distinct one, with or without a preview of the
destination. After each transition, participants completed a visual
recognition memory task: they were shown a probe object (one of
five objects or not) and asked to indicate whether it had been part
of the prior set of objects.

The contributions of this paper are twofold. First, it extends re-
search on the Doorway Effect into immersive VR, examining how
teleportation — the most widely used locomotion technique — in-
teracts with recognition memory during environment transitions.
Second, it isolates two design factors, the availability of previews
and the perceived distinctiveness of environments, and shows how
the effect interacts. Together, these findings link transition design
with cognitive theory and offer practical considerations for building
VR experiences that better support memory in applications such as
education and training.

The rest of the paper is structured as follows: Section 2 provides
an overview of related work. Section 3 describes our experiment.
The results are presented in Section 4 and discussed in Section 5.
Section 6 concludes the paper. Throughout, we use “transition” to
describe participant movement from one VE to another, and “traver-
sal” to describe movement within a single VE.

2 RELATED WORK

This section presents and discusses relevant research on teleporta-
tion, focusing on its impact on user cognition. We then delve into
key aspects of human memory organization, including EST, and the
cognitive effects of spatial transitions, such as the doorway effect.

2.1 Teleportation and Cognition
A unique affordance of VR is the ability to employ a variety of lo-
comotion techniques for transitioning between environments while
maintaining high levels of immersion. A large body of research has
examined the trade-offs between different locomotion techniques
depending on the context of the VR experience [2]. Among these,
teleportation is one of the most widely accepted methods. It is intu-
itive, simple to implement, minimizes motion sickness, and enables
large-scale traversal with minimal physical effort [8, 11, 22, 25].

Despite its practicality, Martinez et al. [29] note that cognitive
consequences of locomotion techniques remain statistically less ex-
plored compared to performance and usability metrics. Investi-
gating cognition in VR is inherently challenging, yet researchers
have examined impacts on spatial cognition [17, 36, 43] and cogni-
tive load [4]. These studies suggest that locomotion shapes spatial

cognition (e.g., spatial understanding, memory acquisition) because
the nature of movement through an environment directly influences
how spatial representations are formed. Teleportation, for exam-
ple, has been shown to negatively impact spatial understanding and
memory when compared to natural walking techniques [24, 34].
Specific teleportation design choices can further alter outcomes:
changes in teleportation cues affect spatial awareness of objects
[42], post-transition spatial memory [14], and even teleportation
duration influences memory outcomes [15]. In terms of cognitive
load, teleportation has been found to impose greater workload than
joystick locomotion [21], whereas automated locomotion generally
affords lower workload [23].

Teleportation in VR admits numerous design variations. One
dimension concerns the speed of travel: transitions may be instan-
taneous, as in snap or cut teleportation, or more gradual. Grad-
ual transitions introduce additional considerations such as anima-
tion style, where designers commonly employ fade sequences or
warping animations [12]. Teleportation can also incorporate inter-
active elements; for example, SliVR by Linne et al. [27] presents
users with a hub interface through which they can explore and se-
lect among multiple destinations. Another prevalent design com-
ponent is the use of previews—visual or multimodal cues depict-
ing the destination environment—also featured in SliVR. Previews
can take several forms, including faded visual glimpses, directional
indicators, or viewpoint cues [20]. By employing multi-step tele-
portation via incremental jumps, Rahimi et al. [42] demonstrated
that intermediate continuity cues can enhance spatial awareness.
Although these steps are not explicit previews, the findings sug-
gest that providing preparatory perceptual information helps users
better anticipate environmental changes. While prior work has pri-
marily examined these design variations through the lens of spatial
cognition [15], the role of prediction may have broader implica-
tions. Previews not only support orientation and navigation but may
also influence how users organize and retain information during VR
experiences. This raises the possibility that teleportation previews
could affect memory processes beyond spatial updating—an open
question that motivates the present work.

2.2 Memory Organization and Spatial Transitions

According to EST, people construct structured working memory
representations known as event models, which bind together fea-
tures of ongoing experience into a coherent, real-time understand-
ing of events [55]. Because WM is capacity-limited, these models
can only preserve a finite amount of information. Their stability
depends on how the experience unfolds: when the situation is co-
herent and predictable, the model is preserved and recent informa-
tion remains accessible. By contrast, salient disruptions — such as
context shifts, abrupt transitions, or unpredictable outcomes — in-
troduce new information that destabilizes the model. To adapt, the
system updates the model by incorporating the new context, often
replacing prior content and reducing its availability for recall.

Empirical evidence supports this account across several do-
mains. Heusser et al. [18] showed that altering visual backgrounds
during an object memory task was sufficiently disruptive to impair
recognition performance. Similarly, Raccah et al. [37] found that
changing speaker gender identity in spoken narratives reduced re-
call. These findings suggest that when experiences are disrupted,
event models are updated to accommodate the change, but at the
cost of recently encoded information.

The Doorway Effect provides a well-established example of this
process. Visual recognition memory declines when people move
between rooms, as first demonstrated by Radvansky and Copeland
[38]. In their interactive, screen-based experiment, participants
carried objects either within a single room (no-shift) or across a
doorway into a new room (shift). Memory was worse in the shift
condition, consistent with the idea that spatial transitions are dis-
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(a) Participant (c) Footprint
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Figure 1: (a) Annotated photo showing a participant completing the
experiment, wearing a Meta Quest 3 while holding both controllers.
(b) In-VR screenshot of the floating box in which the 3D objects were
presented. (c) In-VR screenshot of the footprint where participants
were instructed to stand to view the 3D objects in the box.

ruptive enough to impair recall. Subsequent work has extended
this paradigm by examining factors such as screen size and immer-
sion [40], participant age [41], additional cognitive load [30], and
doorway spatial layout [5].

By extension, VR transitions — and their specific design — may
produce similar memory effects depending on how disruptive the
transition is perceived to be. As described in Section 2.1, VR al-
lows transitions to be designed in diverse ways, but not all vari-
ations may destabilize memory to the same degree. One element
of particular interest is the use of destination previews. Previews
have been shown to improve spatial awareness, and by offering a
glimpse of the upcoming environment, they also support prediction.
From the perspective of EST, increasing predictability helps stabi-
lize event models, reducing the likelihood that recent information
is overwritten. Building on this reasoning, we designed a human-
subject experiment to investigate the memory effects of teleporta-
tion previews during virtual navigation.

3 EXPERIMENT

In this section, we describe our human-subject experiment. The
experimental protocol was approved by the ethical review board of
our university.

3.1 Participants

Our experimental procedure and recruitment of participants were
approved by the institutional review board of our university un-
der protocol number 2025/468. A total of 27 participants were re-
cruited from the university community (15 male, 10 female and 2
non-binary, ages between 22 and 36, M = 26.40, SD = 3.80). All of
the participants had normal or corrected-to-normal vision; 6 wore
glasses and 5 wore contact lenses during the experiment. None of
the participants reported any visual or vestibular disorders, such as
color or night blindness, dyschromatopsia, or a displacement of bal-
ance. All participants were affiliated with the university (students
or staff) and were familiar with VR technology who responded to
open calls for participation. While we did not collect detailed VR
experience levels, none were first-time users.

(a) Preview (b) No Preview

Figure 2: Screenshots showing the portals in the experiment with (a)
Preview, and (b) No Preview.

3.2 Material
The physical setup and the virtual experience is described below.

3.2.1 Physical Apparatus
The experiment trials required participants to remain standing. Dur-
ing breaks and questionnaire completion, they were seated. The
study was conducted within an empty laboratory space with dimen-
sions of 5m (length) × 5m (width)). For the VR experience, partic-
ipants donned a Meta Quest 3 [32] head-mounted display (HMD),
offering a native resolution of 2064×2208 per eye at a refresh rate
of 120 Hz. The HMD’s integrated inside-out tracking system was
used, and participants interacted with the VE using tracked con-
trollers.

3.2.2 Virtual Experience
We describe two parts of the virtual experience in this section, the
design of the VEs and teleport transition design via portals.

Virtual Environments We prepared six VEs, varying in visual,
auditory and spatial characteristics. Every environment consisted of
a floating box and a footprint, 5m and 4.5m away from the partici-
pant’s starting location in the same direction. Once they teleported
onto the footprint, they viewed 3D objects in the floating box, at eye
level (based on the virtual height of the HMD). Upon exposure of
the 3D objects, a portal was presented behind the participant, at the
same starting location, indicating them to transition into the next
environment.

As explained in Section 1, we aimed for participants to perceive
distinct spatial and environmental transitions; therefore, each envi-
ronment had unique visual and auditory characteristics. We had the
following six environments: environment 1 (bedroom [49]), envi-
ronment 2 (library [51]), environment 3 (coffee shop [48]), environ-
ment 4 (castle dock [47]), environment 5 (spaceship [46]), environ-
ment 6 (office [50]) and then back to environment 1. Please refer
to Figure 3 for visual representations of the environments. In this
experiment, participants either transitioned into a different environ-
ment or the same environment. For the same environment con-
dition, participants experienced environment 1 only, so the portal
transitioned them back to environment 1. For the different environ-
ments condition, participants began in environment 2 followed by
3,4, and 5, and then would return back to environment 1 until all
trials were completed. Note that each soundtrack per environment
was unique, providing an ambient sound. All rendering was done
directly on the HMD. To develop the audio-visual environment, we
used Unity 6000 (LTS).

Virtual Environment Transition Design Participants transi-
tioned between the virtual environments using a teleportation-based
interaction implemented with the Meta XR SDK [31]. To move



within a VE, participants used the joystick on their right controller
to select a destination on the floor, indicated by a curved arc origi-
nating from the controller and a circular landing marker where the
arc intersected the ground.

To transition into the next VE, participants selected the portal
initially positioned 4.5m in front of them using a straight-line ray-
cast from their dominant-hand controller. This portal consisted of
a flat 2.5×2.5m surface floating above the floor so that the box is
at eye level and facing the participant. Depending on the condition,
the portal either displayed a 2D live preview of the upcoming en-
vironment (preview condition) or a black, non-informative surface
(no-preview condition), as shown in Figure 2. The live preview was
generated using a virtual camera placed at the starting location of
the next environment, adjusted for participant height.

To initiate a transition, participants pointed at the portal, causing
its border to highlight yellow. Pressing the trigger turned the border
green, confirming successful interaction. The transition sequence
then unfolded over six seconds: during the first three seconds, the
screen faded to black while the current environment’s audio volume
reduced smoothly to zero; the participant was then teleported to the
next environment’s starting location; finally, the scene faded back in
over three seconds while the new environment’s audio faded in from
silence. Upon arrival, participants faced away from the floating box
containing the memory stimuli, requiring them to turn around to
view and engage with the new environment.

3.3 Methodology
3.3.1 Study Design
To investigate the teleportation transition design on users’ memory
performance after experiencing a spatial transition, we prepared a
full factorial 2×2 within-subjects study design with the following
independent variables:

1. Preview: The user will see a preview of the next environment
through the portal prior to transition (Prev) or not (NoPrev).

2. Environment change: They will either transition between
different environments (DiffEnv) or the same environment
(SameEnv).

Each participant experienced a total of four conditions (see Table 1),
which were counter-balanced via a Latin square design.

Table 1: Abbreviations for Experimental Conditions

Condition Description
Prev-DiffEnv Preview + Different Environments
NoPrev-DiffEnv No Preview + Different Environments
Prev-SameEnv Preview + Same Environment
NoPrev-SameEnv No Preview + Same Environment

3.3.2 Memory Task
To study the effects of teleportation previews and magnitude of
change across VEs on users’ memory, we primarily measured par-
ticipants’ visual recognition performance after transitioning. The
task was a modification of the seminal experiment by [38], which
demonstrated the Doorway Effect in a non-immersive VE.

In this experiment, participants were immersed in a VE. At one
end of the environment was a floating box (which was open facing
the user) slightly above eye level. Half a meter in front of the box
was a footprint on the floor indicating where participants should
stand. Standing on the footprint triggered the first bell sound and
began displaying 3D objects after 100ms in the floating box. In
each environment, five unique 3D objects were presented. The ob-
jects varied in shape (cube, sphere, pyramid, cone, prism) and color

(red, green, blue, yellow), resulting in a total of 20 possible 3D ob-
jects. Each object was displayed for 120ms with no time between
objects. After displaying all five objects, the presentation ended
with a second bell sound. Participants then transitioned to the next
VE by turning around and interacting with the portal. On enter-
ing the new VE, a memory test was administered. Each condition
consisted of twenty trials, out of which four trials did not have a
memory test. These trials were labeled as skip trials.

3.4 Measures

3.4.1 Visual Recognition and Confidence

In the memory task, participants first studied a sequence of five 3D
objects presented within a VE. With a 100 ms delay after entering
the new environment, a visual recognition questionnaire was shown
on a UI panel. During this questionnaire, traversal within the VE
was disabled to ensure focus on the task. The UI presented a single
probe object and asked: Q1: Do you remember this object from the
last environment? Probe objects came in two types: (1) Exists (one
of the five objects studied before the transition), or (2) Missing (a
novel object not previously shown in the prior VE). They responded
“yes” for exists probes and “no” for missing probes. Immediately
after, they rated their confidence on a five-point scale: Q2: How
confident are you with your response? (1 = least, 5 = most).

Each participant completed twenty transitions, sixteen of which
were followed by recognition tests (twelve “exists” probes and four
“missing” probes). The remaining four transitions were filler trials
with no recognition test. These filler trials were randomly inter-
leaved with the test trials to reduce participants’ ability to anticipate
when a recognition test would occur, thereby discouraging strategic
encoding or rehearsal. Recognition performance was measured as
the proportion of correct responses across probe types, following
the approach of [38].

3.4.2 Subjective Task Load

After each condition, participants would remove the HMD, and an-
swered the Raw Task Load Index (R-TLX) questionnaire [16]. The
R-TLX consists of six questions, each corresponding to one di-
mension of the perceived workload. For each dimension (mental
demand, physical demand, temporal demand, performance, effort,
and frustration), the participants provide a score on a scale, from 1
(“Very low”) to 7 (“Very high”). Compared to the NASA Task Load
Index (NASA-TLX) questionnaire [16], the R-TLX scale elimi-
nates the subjective weighting process and the ratings are averaged.
According to a review of 29 studies, by Hart et al. [16], in which
R-TLX was compared to NASA-TLX, the weighting process was
found to be either more sensitive, less sensitive, or equally sensitive,
so the authors recommend either scales.

3.5 Procedure

Upon arrival, participants read through a consent form and provided
their signed consent to participate in the experiment. The experi-
menter then described the task protocol and pre-exposed them to
all the six VEs in VR. They also familiarized themselves with the
memory task and portal interaction, which took approximately six
minutes. For task details, please refer to Section 3.3.2.

Participants were presented with five unique 3D objects in a VE
and instructed to transition to the next VE via the portal. Upon
entering the next VE, they were asked a memory question via a
user interface. Participants answered the questions using their con-
troller and then proceeded to learn the next five unique 3D objects
in the new VE. Per condition, they transitioned twenty times, and
the questionnaire was administered sixteen times. Four transitions
did not lead to the questionnaire. After each condition, participants
removed the HMD, and the experimenter administered a 5-minute



(a) Environment 1: Bedroom (b) Environment 2: Library (c) Environment 3: Coffee Shop

(d) Environment 4: Castle Dock (e) Environment 5: Spaceship (f) Environment 6: Office

Figure 3: Virtual experience comprised of six distinct environments, each with unique visual, auditory and spatial characteristics. Above are
screenshots of the environments in VR from the experiment and each soundtrack was unique.

break. During the break, participants answered the R-TLX ques-
tionnaire and some general questions about their experience so far.
This process was repeated for all four conditions.

After completing all conditions, participants filled out a post-
questionnaire assessing their demographics and prior VR experi-
ence, and answered general questions about their overall experi-
ence. Finally, the experiment concluded. It took up to one hour.

3.5.1 Hypotheses

Building on the motivations in Section 1, we formulated three hy-
potheses regarding the influence of destination previews and con-
textual shifts on recognition memory:

H1 Previews improve recognition during different-environment
transitions. (Prev-DiffEnv > NoPrev-DiffEnv)
We consider that predictive cues reduce the cognitive disrup-
tion typically caused by transitioning into a perceptually dis-
tinct environment.

H2 Without previews, same-environment transitions yield better
recognition than different-environment transitions.
(NoPrev-SameEnv > NoPrev-DiffEnv)
This hypothesis aligns with prior research on context stability,
predicting a performance drop when participants encounter an
event boundary without prior information.

H3 Previews will not significantly impact on recognition perfor-
mance during same-environment transitions.
(Prev-SameEnv ≈ NoPrev-SameEnv)
This reflects the expectation that predictive information pro-
vides limited marginal benefit when the transition itself is al-
ready minimally disruptive.

4 RESULTS

We analyzed the responses with repeated-measures analyses of
variance (RM-ANOVAs) and Tukey multiple comparisons with
Bonferroni correction at the 5% significance level. We confirmed
the normality with Shapiro-Wilk tests at the 5% level and QQ plots.
Degrees of freedom were corrected using Greenhouse-Geisser esti-
mates of sphericity when Mauchly’s test indicated that the assump-
tion of sphericity was not supported. As an effect size, we report
the partial eta squared (η2

p), whereby a value of 0.01 is considered
a small effect, 0.06 a medium effect, and 0.14 a large effect [9].
Analysis and figures were done using RStudio version 2024.12.0.

4.1 Visual Recognition Performance

We did not find any main effects from our two independent vari-
ables previews and environment change on participants’ visual
recognition memory performance. After performing post-hoc tests,
we found a significant interaction effect (previews× environment)
on participants’ visual recognition memory performance, with the
following pairs significant: (NoPrev-SameEnv>NoPrev-DiffEnv)
and (Prev-DiffEnv>NoPrev-DiffEnv). Full statistical results are re-
ported in Table 2 and box plot in Figure 4(a).

Table 2: Statistical test results for participants’ visual recognition
memory performance.

Factor F(1,26) = p η2
p

Previews 0.76 0.38 0.29
Environment Change 1.09 0.30 0.04
Previews*Environment 11.52 0.002 0.31
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Figure 4: Box plots illustrating participants’ (a) visual recognition performance, (b) confidence scores, and (c) subjective workload as measured
by the R-TLX scale. The x-axis shows the preview conditions (NoPrev and Prev ), while the color of the bars indicates the environment transition
type (blue for different environments, red for the same environment). The y-axis for (a) represents the number of hits (0–16), for (b) confidence
scores (1–5), and for (c) R-TLX scores (1–7). R-TLX provides average task load along with six other dimensions: performance, effort, frustration,
mental demand, temporal demand, and physical demand. Horizontal bars and asterisks indicate statistical significance (∗ p<0.05).

4.2 Confidence Scores

We found a significant main effect of environment change on par-
ticipants’ confidence scores, but no effect of previews. As shown
in Figure 4(b), confidence was lower when participants transitioned
between different environments compared to remaining in the same
one. Post-hoc tests revealed no significant interaction effects. Com-
plete statistical results are provided in Table 3, with box plots shown
in Figure 4(b).

Table 3: Statistical test results for participants’ confidence scores.

Factor F(1,26) = p η2
p

Previews 0.48 0.49 0.02
Environment Change 10.19 0.003 0.28
Previews*Environment 0.64 0.43 0.02

4.3 Subjective Task Load

From the R-TLX questionnaire, we measured overall task load as
well as six sub-dimensions: mental demand, physical demand, tem-
poral demand, performance, effort, and frustration. We found a
significant main effect of environment change on perceived per-
formance, frustration, and effort. As shown in Figure 4(c), tran-
sitions between different environments associated with lower per-
ceived performance, higher frustration, and greater effort. Post-hoc
analyses further revealed a significant interaction effect on mental
demand, specifically the following pair NoPrev-SameEnv>NoPrev-
DiffEnv Complete statistical results for all task load measures are
provided in Table 4, with corresponding box plots in Figure 4(c).

5 DISCUSSIONS

Our experiment reveals that the changing environments and us-
ing previews when teleporting between VEs can have an impact
on users’ visual recognition memory performance. To summa-
rize our main findings from Section 4: (1) teleporting between
distinct VEs led to poorer memory performance without previews
(NoPrev-SameEnv>NoPrev-DiffEnv), (2) teleporting between dis-
tinct VEs with previews improved memory performance (Prev-
DiffEnv>NoPrev-DiffEnv), and (3) subjective measurements of

Table 4: Statistical test results for participants’ subjective task load
from the Raw-TLX scale. R-TLX provides average task load along
with six other dimensions: performance, effort, frustration, mental
demand, temporal demand, and physical demand.

Measure Factor F(1,26) = p η2
p

Average
Task Load

Previews 0.16 0.696 0
Env Change 0.80 0.378 0.03
Previews*Env 1.46 0.238 0.05

Performance
Previews 0.73 0.401 0.03
Env Change 15.17 <0.005 0.37
Previews*Env 2.49 0.126 0.09

Frustration
Previews 0.46 0.503 0.02
Env Change 4.88 0.036 0.16
Previews*Env 0 1 0

Effort
Previews 0.98 0.331 0.04
Env Change 8.95 0.001 0.26
Previews*Env 2.08 0.161 0.07

Mental
Demand

Previews 0.06 0.458 0.02
Env Change 1 0.062 0.13
Previews*Env 0.68 0.006 0.25

Physical
Demand

Previews 0.21 0.813 0
Env Change 0.20 0.33 0.04
Previews*Env 2.74 0.415 0.03

Temporal
Demand

Previews 0.57 0.649 0.01
Env Change 3.79 0.656 0.01
Previews*Env 8.77 0.109 0.1

confidence and some task load dimensions were affected by chang-
ing VEs. We discuss our main findings and hypotheses (Sec-
tion 5.1), followed by discussions about participants’ perception of
their own performance (Section 5.2), and then address the limita-
tions Section 5.3.

5.1 Memory Effects

Our primary investigation concerned how VR teleportation design
influences recognition memory, guided by the hypotheses in Sec-
tion 3.5.1. As outlined in the Introduction (Section 1), EST de-
scribes how transitions of varying predictability and magnitude in-
fluence the stability of event models in working memory. In brief,



predictable and coherent transitions tend to preserve recently en-
coded information, whereas salient disruptions increase the likeli-
hood of event-model updating, which can reduce access to prior
content. Prior findings on the Doorway Effect and other context-
shift paradigms support this view across a range of perceptual and
narrative domains [18, 37, 38, 41]. Our study extends these ideas
into immersive VR by examining whether teleportation previews
and environmental change modulate memory performance during
scene transitions.

Building on these expectations, we hypothesized that spatial
transitions across VEs would produce memory differences depend-
ing on both preview availability and the magnitude of environmen-
tal change. Firstly, our experiment provided users with previews,
a glimpse of the destination environment, before teleportation, in-
creasing the predictability of upcoming transitions. Consistent with
this expectation, our results (Section 4.1) showed that participants
performed better with previews than without when transitioning
into distinct environments, supporting H1. In our implementation,
previews were presented through a portal that displayed a 2D live
feed of the next environment, combined with a six-second fade-
in/fade-out animation. However, previews can be designed in many
other ways that may differentially influence memory. Visual pre-
views may range from simple static snapshots (e.g., thumbnails or
minimaps) to richer, continuous glimpses into the destination [20].
Auditory cues—such as environmental soundscapes or spoken de-
scriptions—may likewise support anticipation. Previews may also
be interactive; for instance, SliVR by Linne et al. [27] allows users
to examine and select among multiple destinations, each accom-
panied by visual information. These variations differ in the level
of predictability they provide, the degree of immersion they evoke,
and the extent to which they engage working memory resources.
Although we did not test these alternatives, our findings indicate
that preview design is a promising dimension for future investiga-
tion.

Secondly, we tested whether teleporting within the same VE ver-
sus into a perceptually distinct VE would destabilize event models
sufficiently to impair recognition (H2). Although this effect has not
been explicitly demonstrated in VR, EST predicts that larger disrup-
tions increase the likelihood of memory impairment. Our findings
support this prediction: in the absence of previews, participants’
recognition performance declined when transitioning into a distinct
VE compared to remaining in the same one. This manipulation was
achieved by varying spatial, visual, and auditory properties of the
environments (see Section 3.2). Interestingly, prior VR studies of
the doorway effect [30, 52] did not observe such memory effects.
Those experiments employed relatively similar environments, with
doorways serving as the only cue for change, following the origi-
nal desktop paradigm [38]. It is possible that these manipulations
were not perceptually disruptive enough to produce memory de-
cline. While such studies aimed to replicate the original effect in
VR, their mixed outcomes raise the question of whether transitions
in immersive VR are perceived differently from those in other medi-
ums, such as desktop settings or the real world.

Considering our two main findings, previews increased pre-
dictability (H1), whereas transitioning into a distinct VE reduced
it (H2). However, when previews were provided for same-
environment transitions, they offered no measurable benefit in this
study. This outcome is consistent with EST: since transitions within
the same VE are relatively stable and do not strongly destabilize the
event model, there is little need for additional predictive cues. Pre-
views become meaningful only when an upcoming change threat-
ens to disrupt the current model, such as during transitions into dis-
tinct environments. Thus, our results support Hypothesis H3, clar-
ifying that the effectiveness of previews depends on the degree of
disruption introduced by the transition, however more research is
required to accept the absence of the effect.

In our experiment, we focused on two transition design variables,
each with two levels: the availability of previews and environmen-
tal change, but other variables may also influence how memory is
organized during VR transitions. For instance, our previews can be
designed uniquely, such as richness of preview (2d, 3d, interactive),
and preview modality (visual, audio). Another important factor is
the transition animation style. We implemented the popular fade-
in/fade-out sequence over six seconds, but sharper animations such
as snap/cut teleport [12] may be more disruptive, potentially desta-
bilizing memory representations. Conversely, more gradual transi-
tions [45] may create a smoother, more continuous experience. Lo-
comotion technique is another promising dimension [2, 7]. Our ex-
periment focused on teleportation, which is common in commercial
VR, yet alternatives such as natural walking may have very different
cognitive consequences. Walking unfolds gradually, providing con-
tinuous sensory input and affording users a high degree of agency
over movement [34]. Future work should systematically examine
how these transition design factors, individually and in combina-
tion, can shape memory organization in VR.

Beyond design considerations, it is also important to reflect on
the functional role of memory changes during transitions. Here we
provide evidence on why both memory retention and memory im-
pairment can be important in different scenarios. Impaired memory
poses clear costs in scenarios where recently learned information
should be preserved, for example, a student in a VR classroom may
forget material just introduced when transitioning into a new en-
vironment. In other situations, however, forgetting can be adap-
tive. Releasing information may prepare users for a new context
where the previous content is no longer relevant, freeing cognitive
resources for upcoming tasks [10, 33]. Furthermore, some research
has shown that large updates triggered by disruptions can enhance
memory for information surrounding the disruption, even up to a
month later [13]. Based on them, such disruptions may impair re-
call of just-learned material but strengthen memory for the disrup-
tive event itself, leaving a more vivid and durable trace in long-term
memory.

5.2 Participants’ Perception of their Own Performance
Our findings demonstrate objective memory effects due to telepor-
tation across VEs, but we also examined participants’ subjective
experience through confidence ratings and the R-TLX. From the
confidence scores (see Section 4.2), we found a main effect of en-
vironmental change but not previews: as shown in Figure 4(b),
confidence declined when participants transitioned into a distinct
environment. Similarly, the R-TLX results (Section 4.3) revealed
lower perceived performance, higher frustration, and greater effort
in these conditions. Taken together, these findings suggest that the
disruption caused by environmental change was subjectively felt
by participants. By contrast, previews — though they improved
recognition performance in distinct environments — did not trans-
late into higher confidence ratings or reduced task load. In the post-
experiment questionnaire, when asked “Did you feel any memory
performance difference among the four conditions?”, several par-
ticipants reported that changes in environment felt distracting and
may have reduced their memory performance. Some, however, de-
scribed the previews themselves as distracting.

Overall, these results suggest that while participants were sen-
sitive to the disruptive nature of environmental change, they were
largely unaware of the protective effect of previews on memory.
This discrepancy highlights a potential gap between objective per-
formance and subjective perception in VR transition design.

5.3 Limitations
This experiment examined how spatial transitions and teleportation
design factors affect memory in VR. While our results align with
our hypotheses (refer Section 3.5.1), we caution against interpreting



the observed patterns as definitive. The controlled laboratory envi-
ronment was essential for isolating variables of interest, but it also
constrains ecological validity. Our transitions were created with
specific VEs and a particular teleportation design, which ties our
findings to this scenario. To improve generalizability, future work
should consider the following limitations.

First, the design space for VR transitions is large, yet we ex-
amined only two factors (preview availability and environmental
change) each with two levels. Other factors such as preview rich-
ness (e.g., 2D, 3D, interactive), modality (visual, audio), animation
style (fade versus snap teleport), and locomotion technique (tele-
portation versus natural walking) may significantly influence mem-
ory organization. Future studies should explore these dimensions
individually and in combination to understand their cognitive im-
pact.

Second, based on prior research on VR transitions, it is known
that spatial transitions can influence spatial memory [15, 42], pri-
marily because the nature of movement directly affects how spatial
representations are formed. Our study, however, tested recogni-
tion memory using visual probes (3D objects), which differs from
spatial memory. This choice was informed by prior doorway ef-
fect experiments [38,40,41], but memory is multifaceted. Different
probe types(verbal stimuli, auditory cues, or complex visual scenes)
engage different cognitive processes. It remains an open question
whether the effects observed here extend across these modalities.

Third, we used a simplified 1–7 RAW-TLX rating scale rather
than the standard NASA-TLX 0–100 scale. While task load was not
a primary measure in this study, this choice may limit comparability
with prior VR workload research.

Finally, our participant pool was limited in terms of age (mean
age 26.4 years, SD = 3.8), gender (15 male, 10 female, 2 non-
binary) and educational background (all were from our university
community). Memory performance can vary with age, and prior
research indicates gender-related differences in specific domains.
For example, males often show advantages in visuospatial mem-
ory [53], whereas females tend to excel in semantic memory [19].
Furthermore, because our sample consists entirely of university-
affiliated individuals, our results may be influenced by the use of
advanced mnemonic strategies. Consequently, these findings may
not represent the memory capabilities of the general population.
Future work should prioritize recruiting larger and more diverse
participant pools, encompassing variations in age, gender, and ed-
ucational background, along with other human factors such as cul-
tural background.

6 CONCLUSIONS

In this paper, we presented a human-subjects experiment examining
how two teleportation transition factors, preview availability and
environmental change, affect memory for information encountered
just before a spatial transition. Our findings reveal two key results.
First, recognition performance was significantly higher when par-
ticipants teleported into a distinct environment with a preview of the
destination compared to without one. Second, in the absence of pre-
views, recognition performance dropped when participants transi-
tioned into a distinct environment relative to remaining in the same
environment. We attribute these results to the disruptive nature of
transitions. Event Segmentation Theory (EST) suggests that salient
changes prompt working memory to update, replacing previously
encoded information and thereby reducing its accessibility. Tran-
sitions into perceptually distinct environments appear more disrup-
tive than those within the same environment. Providing previews,
however, gives users a glimpse of the upcoming context, allowing
them to anticipate the change and reducing its disruptive impact.
These findings have two practical implications. If the goal is to sup-
port memory retention, for example, in educational or training con-
texts, designers should minimize distinct environment transitions,

or if unavoidable, include previews to mitigate memory impair-
ment. Conversely, if the goal is to encourage the release of outdated
or irrelevant information, more distinct transitions without previews
may be preferable. Overall, this study highlights how teleportation
design can shape cognitive outcomes in VR. By connecting design
choices to EST, we provide both a theoretical account of memory
effects during VR transitions and practical guidance for building
transitions that better align with application goals.
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