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Abstract

Environmental User Experience (UX) data collection is essential for
user research, enabling evidence-based design decisions. However,
traditional retrospective methods like micro-phenomenological in-
terviews suffer from recall inaccuracies and memory distortions.
Concurrent UX data collection methods with environmental con-
texts are promising but lack in-depth investigation. To examine
this potential, we conducted a formative study with 34 participants,
identifying design goals such as natural interaction, in-situ annota-
tion, and spatial-temporal coupling. We developed JourneyCapturer,
an interactive tool that fulfills these goals to integrate concurrent
annotation within Immersive Virtual Environment (IVE), enabling
real-time UX data capture within contextual scenarios. Using a
mixed-method design, we comparatively evaluated concurrent IVE
annotations, retrospective interviews, and the combined method
with 20 participants, demonstrating how JourneyCapturer improves
UX collection processes and outcomes. Our findings suggest that a
consciously proactive concurrent IVE method with a first-person
perspective advances UX research, offering implications for expert
collaboration, multi-modal analytics, and IVE-based field studies.
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1 Introduction

User Experience (UX) data collection plays a critical component of
the design process, directly facilitating the effectiveness of design
decisions. Traditionally, designers rely primarily on retrospective
methods such as micro-phenomenological interviews, where users
attempt to recall and verbalize past experiences [13, 73, 77]. While
these retrospective methods have been widely adopted in HCI re-
search to collect lived experiences of interactive systems [21, 26]
and VR environments [54], they face significant limitations, in-
cluding memory loss and post-experience passive rationalization
that compromises data authenticity, leading to flawed design de-
cisions and iterative validation cycles [83, 85]. For example, users
may forget critical pain points during interaction or unconsciously
modify their recollections to create consistent narratives, resulting


https://orcid.org/0009-0002-5306-7172
https://orcid.org/0000-0003-4808-6109
https://orcid.org/0009-0005-1350-7518
https://orcid.org/0009-0005-6839-8910
https://orcid.org/0009-0006-3593-987X
https://orcid.org/0000-0002-5783-5805
https://orcid.org/0000-0001-9545-3763
https://creativecommons.org/licenses/by/4.0
https://creativecommons.org/licenses/by/4.0
https://doi.org/10.1145/3772318.3790362
https://doi.org/10.1145/3772318.3790362
mailto:jianghybit@163.com
mailto:haohanwang0026@163.com
https://doppel.mei@connect.polyu.hk
mailto:gysjzxy@gmail.com
https://mingming.wang@connect.polyu.hk

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

in design solutions that are difficult to address actual user needs.
These limitations become more pronounced when collecting UX
data in spatial environments, where retrospective methods may
struggle to accurately capture nuanced insights [13]. In the scope
of this research, we focus on environmental UX! data gathered
from spatial environments, rather than general UX data derived
from interactions with systems or digital services (e.g., apps, web-
sites). Additionally, “concurrent” refers to capturing real-time UX
data while users experience their journeys, rather than through
post-experience recall.

Immersive Virtual Environment (IVE) technology offers promis-
ing solutions to address the challenges in retrospective methods.
By creating immersive and authentic environments, IVE enables
users to immerse themselves in simulated past journey scenarios,
which can activate situational memory and enhance UX data ac-
curacy through environmental cues [56]. More importantly, IVE
supports concurrent in-situ annotation capabilities, allowing users
to document their feelings, feedback, and decisions during the
real-time experience [31]. This “experience-while-recording” ap-
proach can significantly reduce memory loss and post-experience
rationalization issues inherent in traditional retrospective methods
[46, 80]. Recent research demonstrates that VR technology can ef-
fectively elicit UX data comparable to that collected from the real
world, across multiple dimensions, including emotion [60], cogni-
tion [52], sensation [51], and social perception [55]. Meanwhile,
digital storytelling platforms [29] in VR can support reflection and
documentation of travel memories.

However, critical aspects remain unexplored regarding how to
effectively integrate the concurrent method with IVE into the UX
data collection. Existing research has primarily focused on utilizing
IVE itself to simulate an immersive environment for experiencing
journeys, but still leverages traditional retrospective interviews to
collect data [5, 48], rather than exploring proactively concurrent
data collection within IVE-based capability. These gaps highlight
the need for further investigation of IVE’s capabilities in optimizing
the concurrent UX collection process and outputs. In this scope, we
investigate the following research questions (RQs). RQ1: How do
designers expect the concurrent method to facilitate UX data collection
within IVE? RQ2: How does the concurrent IVE method impact the
collected user data, in comparison to the retrospective IVE method?
RQ3: How do users perceive the concurrent IVE method for UX data
collection process, in comparison to the retrospective IVE method?

To answer these questions, we followed the Research through
Design paradigm [93]. In particular, we conducted a three-stage ap-
proach for incorporating the insights from participants to develop
and evaluate an IVE-empowered tool named JourneyCapturer that
assists participants in concurrently and proactively collecting UX
data. First, we conducted semi-structured interviews as the forma-
tive study with 34 participants (9 design practitioners, 8 researchers,
17 journey experiencers) to gather their demands in the UX data
collection process and their expectations for IVE-empowered con-
current collection tools. Based on these insights, we summarized
five design goals for a proactively concurrent method and devel-
oped the initial prototype. Second, six experts participated in a
co-design workshop to conduct heuristic evaluations and iterations

IThroughout this paper, we refer to “environmental UX” as “UX” to avoid repetition.
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with specific functional requirements, which resulted in the final
JourneyCapturer prototype that incorporates a progressive four-
step UX collection process. Third, to evaluate JourneyCapturer,
we conducted a comparative study between the traditional retro-
spective method (micro-phenomenological interview), concurrent
method (JourneyCapturer’s concurrent annotation), and combined
method (concurrent method and then retrospective method), where
20 participants completed three UX data collection tasks separately.

Our research on integrating concurrent IVE method with UX
data collection makes three significant contributions to the field
of design, organized according to Wobbrock’s HCI taxonomy [84]:
(1) Artifact: This research presents JourneyCapturer as a novel
design exemplar, a concurrent collection tool for UX data within
IVE, enabling spatial-temporal coupled UX data capture through
environmental anchoring and immediate structured annotation ca-
pabilities, and demonstrating consciously proactive collection with
first-person experiential access. (2) Empirical: Through the mixed-
method investigation using JourneyCapturer as a research probe,
we offer empirical insights revealing trade-offs between data authen-
ticity and collection efficiency in proactive concurrent IVE methods.
These insights inspire future directions for complete UX data ana-
lytics, including enhanced gestural annotation, multi-modal data
integration, etc. (3) Methodological: The study incorporates the
“consciously proactive concurrent UX collection” method in IVE,
and further proposes UX collection guidelines, shifting passive data
collection into immediate context-aware practice. The guideline
provides three hierarchical levels for collecting UX data: establishes
a data collection strategy at the macro-level, segments experiences
into meaningful units at the meso-level, and executes proactively
concurrent data capture at the micro-level.

2 RELATED WORK

2.1 Retrospective Methods and Concurrent
Methods for UX Data Collection

Traditional UX data collection primarily relies on retrospective
approaches that require users to recall and articulate their past
experiences after completing their journeys or experience ses-
sions. Interview-based methods serve as a primary retrospective
approach, encompassing semi-structured interviews [1] and micro-
phenomenological interviews [77] that guide users in verbalizing
detailed experiential contents [13]. These interview approaches
focus on helping users access specific experiential moments rather
than making analytical judgments [50]. Survey-based methods pro-
vide a quantitative complement through standardized question-
naires that measure predetermined UX dimensions [9, 36], though
they constrain the expression of experiential richness and nuance
[38, 68]. Longitudinal approaches include diary studies, where users
document experiences through written or digital logs over extended
periods [15], requiring substantial time investment while still rely-
ing on the retrospective reconstruction of past events [30]. Addition-
ally, journey mapping has emerged as a popular UX documentation
method, where users reconstruct their experiences through struc-
tured visualization of touchpoints, emotions, and pain points across
temporal sequences [41, 78].
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Concurrent data collection methods aim to capture UX data con-
currently during interaction with systems or environments. For ex-
ample, Hertzum’s meta-analytic review [25] demonstrates that con-
current thinking aloud enables concurrent access to users’ thoughts
during task performance, though facing reactivity challenges where
continuous verbalization may alter natural user behavior. Compar-
ative studies reveal that while concurrent methods detect more
usability problems than retrospective methods, concurrent meth-
ods may impose cognitive burden by requiring simultaneous task
performance and continuous verbalization [2]. Additionally, the
“memory-experience gap” shows that concurrent emotion ratings
differ significantly from retrospective assessments, particularly in
the case of unpleasant experiences [11]. Observation-based methods
provide another concurrent approach, where researchers, from a
third-person perspective, directly document user behaviors through
participant or non-participant observation [14, 17]. Similarly, the
shadowing method [19] can capture naturalistic interactions as
they unfold. However, the shadowing method typically still requires
post-event elicitation to access meanings [18, 40]. Physiological
monitoring represents a technology-enhanced concurrent method
that captures unconscious responses during interaction through
sensors measuring heart rate, galvanic skin response, and eye move-
ments, though they primarily focus on behavioral indicators rather
than subjective experiential dimensions [42].

Despite widespread adoption, both retrospective and concur-
rent methods present inherent limitations that compromise UX
data authenticity. Retrospective methods suffer from memory loss
and post-experience rationalization. Meanwhile, concurrent think-
aloud introduces cognitive burden through passive verbalization
that may generate excessive irrelevant information and disrupt
natural interaction flows. However, existing concurrent methods
for UX data collection during original experiences (e.g., observa-
tional methods) remain constrained by third-person perspectives,
missing crucial internal experiential processes. These limitations
highlight the need for novel approaches that capture experiential
data consciously and proactively from a first-person perspective.
Our approach addresses this by enabling concurrent documentation
of users’ journeys during IVE experiences, eliminating reliance on
post-experience recall or disruptive verbalization during original
experiences. This gap drives our investigation into RQ1 to under-
stand expectations and requirements for proactive concurrent IVE
methods.

2.2 IVE Systems for visual annotation and
experiential documentation

Virtual visual annotation systems enable concurrent experience
capture through diverse spatial, visual, and interactive modalities
that support immediate user feedback and contextual documen-
tation. Body-anchored annotations position information relative
to the user’s embodiment, creating persistent spatial relationships
[4, 62, 81]. Textual annotations, including speech-to-text conver-
sion, provide detailed contextual capture for concurrent experience
documentation [49]. Iconic annotation systems utilize symbolic
representations to enable rapid input during active VR engage-
ment without disrupting immersive experiences [59, 90]. Static

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

annotations preserve temporal snapshots of user states and envi-
ronmental contexts, creating persistent records for retrospective
analysis [12, 65]. These annotation functions establish foundational
methods for capturing UX data during active VR engagement rather
than through post-hoc reconstruction methods.

IVE systems leverage VR’s embodiment and presence to enable
immersive construction of personal journey narratives through
spatial storytelling. VR’s core functions of embodiment and spa-
tial presence transform how individuals construct narratives by
enabling physical movement through IVE as a storytelling medium
[61]. The medium supports “storyliving” experiences where users
actively navigate spatial representations rather than consuming
pre-constructed narratives [75]. Besides, VR creates immersive,
diegetic spaces like “democratic surrounds” that facilitate learn-
ing through personal perspectives and spatial exploration [23, 74].
Additionally, the spatial abstraction inherent in VR environments
supports sequences and temporal flows that guide narrative struc-
ture, enabling environmental storytelling approaches where space
itself becomes a vehicle for expressing temporal progression and
emotional journeys [3, 72, 79].

Despite VR’s established capabilities for concurrent annotation
and immersive narrative construction, existing personal journey
documentation systems primarily rely on retrospective reconstruc-
tion rather than integrating concurrent methods. This gap repre-
sents an opportunity to combine VR’s annotation functions with
spatial storytelling capabilities to achieve authentic documentation
of immediate emotional responses and contextual nuances during
personal experiences. The integration of concurrent annotation
methods into personal journey documentation could enable more
complete capture of experiential data as it emerges, prompting our
investigation of RQ2 to evaluate the effectiveness of proactively
concurrent data collection in IVE.

2.3 IVE Applications in UX research and Data
Collection

IVE technology primarily functions as experience prototypes or
narrative galleries in the UX data collection process, creating con-
trolled environments that simulate real-world scenarios with high
fidelity [5, 16] to enable the collection and analysis of UX data in
reproducible conditions [86, 94]. VR prototypes can effectively elicit
UX responses comparable to real environments across multiple di-
mensions, including emotion, cognition, and social perception [57].
For example, high-fidelity architectural prototypes for experiencing
patient journeys in healthcare settings, digital storytelling platforms
supporting travel memory reflection [87], and multi-agent conver-
sational systems for reminiscence experiences among older adults
[66]. This approach allows researchers to study user responses in
reproducible conditions through immersive simulation.

Despite theoretical frameworks recognizing VR’s potential for
enhancing UX evaluation, current IVE applications rely on retro-
spective data collection that creates temporal separation between
experience and evaluation [39, 76]. For example, Rebelo et al. [55]
proposed a VR-based UX evaluation framework, identifying VR’s
advantages in providing controlled experimental conditions while
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maintaining ecological validity and enabling manipulation of con-
textual factors that significantly influence UX. However, contem-
porary IVE studies predominantly employ retrospective evaluation
protocols by administering standardized questionnaires and inter-
views after immersive sessions [35, 39, 76]. Additionally, advanced
multi-modal approaches that integrate physiological signals with
subjective measures require retrospective interviews to enable con-
scious experiential interpretation, despite their ability to detect
emotional responses during VR engagement [47].

Although IVE has proven effective for conceptual validation of
VR-based UX evaluation frameworks, current applications only
utilize IVE as simulated environments, followed by retrospective
interviews. These applications miss opportunities to capture au-
thentic experiential data through conscious documentation during
the immersive experience itself. This represents a critical method-
ological gap where VR’s empirical potential for concurrent UX data
capture compared to traditional retrospective approaches remains
underexplored, particularly in enabling consciously proactive ex-
periential documentation with a first-person perspective. The gap
motivates our RQ3 to understand user perceptions of concurrent
methods compared to retrospective methods in IVE.

3 FORMATIVE STUDY

3.1 Method

To address RQ1, our formative study identified the five design goals
that participants expect from the concurrent IVE approaches for
UX data collection (Section 3.2). Based on these findings, we devel-
oped a design framework that integrates participant expectations
throughout a four-stage UX data collection workflow (Section 4.2),
which subsequently guided the implementation of our JourneyCap-
turer system.

Participants. We recruited 34 participants (9 design practition-
ers, labeled D1 - D9; 8 researchers, labeled R1 - R8; 17 participants
with experience in target environments, labeled E1 - E17; aged 22
- 38) through campus networks and online public platforms, with
24 females and 10 males. Participants’ demographic information
is presented in Appendix A Table 5. All design practitioners and
researchers had at least 4 years of professional experience in UX
data collection. Additionally, all journey participants were required
to have experienced both hospital and subway environments within
the past three months. Each interview lasted between 40 and 80
minutes, with participants receiving an incentive of CNY 100.

Setup. We implemented the IVE using Unity (6000.0.26f1) and
Meta Quest 3 hardware, featuring scenario simulations and core in-
teraction capabilities such as movement systems and dedicated UX
data capture interfaces. Throughout the sessions, we documented
participants’ operations through both audio and video recordings
to support subsequent data analysis.

Procedure. We conducted individual online sessions by Zoom,
commencing with an overview of our research objectives and proce-
dures. Participants initially engaged in semi-structured interviews
discussing their challenges, insights, and expectations regarding
current UX data collection methods. Subsequently, we presented
video demonstrations of our VR prototype to participants while
using the think-aloud protocol to capture their cognitive processes
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and reflections about the insights of the concurrent IVE method
and its tool.

Data Analysis. All interview sessions were recorded and fully
transcribed to enable complete analysis. We employed an induc-
tive thematic analysis to analyze participants’ interview transcripts
about their expectations, identified challenges, and desired func-
tionality for incorporating concurrent IVE approaches into the UX
data collection. These insights were then synthesized into ‘Design
Goals’ relevant to RQ1 to guide system development. For example,
participants emphasized expectations for realistic scenarios with
ambient sounds and expressed challenges with environmental dis-
tractions and desired minimized interfaces to enhance immersive
focus, which were thematically synthesized into design goal - G1.

To ensure analytical rigor, two researchers independently coded
the data. Following the initial thematic analysis, they engaged in
collaborative discussions to inductively develop the coding frame-
work (i.e., design goals), ensuring both consistency and complete-
ness. To ensure reliability, a third researcher subsequently reviewed
the coding framework and integrated divergent perspectives be-
fore confirming the emerging codes. This collaborative process
ultimately yielded agreement on five key design goals that would
inform the development of our concurrent IVE method through
JourneyCapturer, as detailed in Section 3.2.
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() Expectations
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Figure 1: The interview procedure and data analysis methods
of formative study.

3.2 Design Goals

This section synthesizes insights to address RQ1 by presenting
design goals derived from interview scripts, exploring designers’
expectations regarding how concurrent and retrospective methods
enhance UX data collection within IVE. The following design Goals
(G1 - G5) provide support for concurrent IVE method (see Fig. 1).

G1 - Environmental authenticity. This goal aims to enhance
sustained focus by minimizing external distractions and interrup-
tions concurrently. Participants emphasized the importance of real-
istic scenarios with adjustable ambient sounds that don’t disturb
the collecting and thinking processes. As participants noted, “con-
current collection with visuals and sounds is more immersive” (E7,
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E17) and “the real journey’s environment helps simulate and recall
my memory” (E3, E11). The concurrent system should provide im-
mersive focus modes with “virtual pathways” (R8) and “time panels”
(R3) while “minimizing interface panels” (D2, D9) to strengthen
environmental presence and reduce cognitive load during UX data
collection process.

G2 - Natural movement and navigation. This goal facilitates
an authentic journey experience while maintaining comfort and
orientation in concurrent UX collection process. The concurrent
system should provide movement functions, as participants noted
that “I want to move in the IVE to different locations” (E4, E12). Addi-
tionally, teleportation-based movement could “avoid motion sickness
and accommodate diverse mobility preferences without speed adapta-
tion requirements” (R4). Some participants also expressed concerns
regarding navigation issues (E6, E9, E16). Navigation features in-
clude “ground-based pathway indicators showing available spaces”
(E8) and “progress visualization from start to endpoint” (R5) while
preserving participants’ freedom to explore autonomously.

G3 - Scene-driven in-situ annotation. This goal focuses on
improving the quantity and quality of UX data by enabling “direct
recording” (E2) through “point-and-click scene object selection” (E5,
E13) in the specific IVE’s locations. Features include “concurrent
voice transcription” (D6), “annotation tools” (D2), and “drawing capa-
bilities” (D1, D5) while minimizing keyboard input and menu opera-
tions to maintain seamless data collection processes. R6 mentioned
the importance of “transcription quality” to ensure the accuracy of
recorded UX data, suggesting that “integrating LLMs can enhance
this quality” (D3).

G4 - Structured and adaptable organization of UX data.
This goal ensures structured and usable UX data through adaptable
recording interfaces within IVE. The concurrent system should pro-
vide virtual floating panels for UX collection dimensions, including
Phases, Scenarios, Actions, Touch Points, Emotions, Pain Points,
and Opportunities (Suggestions). E1 and E10 emphasized that “It is
better to edit the virtual panels’ content”. Participants should be able
to adjust recorded content through “multiple-time recording” (E15),
“editing” (D6), and “deletion” (D4, D8) functions, ensuring flexibility
while maintaining the integrity and organizational structure of
collected UX data throughout the concurrent collection process.

G5 - Spatial temporal coupling and visualization. This goal
enables “ready-to-use” data by providing inherent structure, short-
ening the process from UX data collection to organization. The
concurrent system should automatically bind “timestamps” (R7)
and “spatial anchors” (R1) for journey phases’ area identification,
creating dual indexing through “temporal trajectories and spatial dis-
tribution” (D8). For example, semi-automatic phase categorization
allows hospitals to define consultation phases, with recorded UX
data automatically categorized accordingly in concurrent, export-
ing tables of structured collected UX data with preserved spatial-
temporal evidence chains. That is to say, timestamps and spatial
anchors are automatically bound to create dual indexing through
temporal sequences and spatial distribution.
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4 DESIGN OF JOURNEYCAPTURER

4.1 Co-design Workshop of JourneyCapturer

To fulfill the design goals (G1 - G5) and meet the specific func-
tional expectations for a concurrent IVE tool, we organized a design
workshop with six participants (two UX researchers, two design
practitioners, and two design educators), see Table. 1. All partici-
pants possessed a minimum of six years of professional expertise
with UX data collection. The workshop focused on a VR prototype
of a subway station environment, featuring fundamental VR navi-
gation capabilities and a template panel for UX collection. During
the session, participants verbalized their thoughts and observations
using the think-aloud method while reviewing video demonstra-
tions of the prototype. Subsequently, the participants engaged in
a group discussion to elicit critique and suggestions regarding the
prototype’s design and functionality. Throughout the session, partic-
ipants drew upon their field experience to evaluate specific feature
requirements and conceptualize novel interaction paradigms for
concurrent UX data capture within IVE. We documented all feed-
back, including suggestions for interface simplification to reduce
cognitive load, enhanced recording indicators for better user aware-
ness, and streamlined interaction workflows to improve overall
usability. For example, experts emphasized the need for minimalis-
tic interface elements to maintain immersion, refining G1, which led
us to design the floating panels with reduced visual complexity and
implement the “BACK” function for scalable viewing. These profes-
sional insights were incorporated into the iterative refinements of
JourneyCapturer, maintaining consistency with both practitioner
expectations and our research objectives. The details of how we
summarize and implement the collected feedback are provided in
Fig. 2.
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JourneyCapturer initial
prototype and video with

=, functions echo G1-G5 in
Section.3.2

* Interaction workflow
streamlining
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Figure 2: The co-design process of JourneyCapturer.
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Table 1: The demographic information of the experts who participated in the JourneyCapturer co-design session.

Participant Age Gender UX Collection Exp./Years VR Exp./Years Frequency of Using VR
UX Researcher 1 32 F 5 11 Almost every project used
UX Researcher 2 27 M 5 9 Almost every project used
Design Practitioners 1~ 30 F 7 7 Most projects used
Design Practitioners 2 29 M 8 6 Most projects used
Design Educator 1 31 F 12 10 Almost every project used
Design Educator 2 29 F 10 8 Most projects used

Stepl. Immersive exploration in journey environment

: Ambient sounds

(a) s
‘Environmental details - - - - - - - - - - p ‘
Authentic architectural materials

Adaptive sounds with locations automatically

..... A

Step3d, el s
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Step4. Exploring pain points and specific opportunities

“BACK” button

“RECORD” button Teleport
Authentic environment with sounds ()
Spatial-temporal coupling

Figure 3: The detailed use scenario of the four UX collection steps with JourneyCapturer.

4.2 Description of JourneyCapturer

JourneyCapturer was developed using Unity Version 6000.0.26f1
and deployed as a standalone APK application on Meta Quest 3
headsets for the user study. We tested the system on a Windows
computer equipped with an ASUS TUF RTX5090 32GB graphics
card. At last, JourneyCapturer ran locally without requiring external
connectivity during testing.

For the development of immersive environments, we created the
JourneyCapturer system utilizing Unity and Meta Quest 3 to con-
struct authentic immersive scenarios addressed G1. For the imple-
mentation of virtual interaction, we addressed G2 - G4 by developing
interaction and navigation capabilities, incorporating UX collection
templates derived from journey mapping dimensions with interac-
tive virtual panels for collecting UX data. The panel includes voice
recording and content deletion capabilities, with the interfaces
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providing scalable viewing through a “BACK” function to main-
tain immersion while ensuring efficient information access. The
backend server addresses G5 by managing UX collection template
management and handling interaction data, incorporating Ope-
nATl's Whisper for speech-to-text transformation with GPT-40 mini
performing content optimization and contextual validation. The
FastAPI database framework supports cross-platform data man-
agement, archiving essential information including timestamps,
content, coordinates, and user identifiers to ensure spatial-temporal
coupling.

JourneyCapturer provides a progressive four-step UX collection
process, designed to fulfill the expected design goals (G1 - G5)
through the system features.

Step1. Immersive exploration in scenario environment (see
Fig. 3. a). This step establishes an authentic foundation for UX data
collection through immersive environmental recreation. Journey-
Capturer enables participants to navigate through a realistic IVE
constructed with authentic architectural materials and environmen-
tal details (echoes G1), such as the signage indicating the direction
of the underground railway within the subway station. Journey-
Capturer provides contextually appropriate ambient sounds that
automatically adapt based on participants’ spatial movement within
the IVE (echoes G5), such as crowd noise at subway security check-
points transitioning to train announcements at waiting platforms.
This environmental authenticity enhances subway journey immer-
sion (echoes G1) while minimizing external distractions, creating
optimal conditions for subsequent UX data collection activities
within spatially contextualized journey experiences.

Step2. Creating UX data collection template in different
phases (see Fig. 3. b). This step enables participants to establish
structured data collection frameworks at relevant journey phases
through spatial exploration. JourneyCapturer facilitates movement
through teleportation using the right controller’s joystick (echoes
G2) with ground-based visual pathways indicating start and end
points (echoes G5). When participants identify significant locations
during their journey experience, they can direct the controller’s ray
toward desired scene objects and activate the “B” button to trigger
UX collection template creation (echoes G3, G4). JourneyCapturer
supports minimising the template panel as a button to maintain
environmental immersion (echoes G1), enabling participants to
establish organized collection points while preserving the authentic
spatial context essential for effective UX data capture.

Step3. Recording and synthesizing phase-based collected UX
data (see Fig. 3. ¢). This step facilitates UX data capture through
structured recording interfaces positioned at established collection
points. JourneyCapturer provides UX collection templates featuring
dimension panels on the right side, enabling participants to record
individual dimension information (echoes G4) through “‘RECORD”
button activation (echoes G3). Double-clicking “RECORD” allows
additional recording creation (echoes G3). The left-side recordings
panel displays transcribed content for each UX collection dimension,
with “delete” button functionality for data management (echoes G3,
G4). This structured approach ensures UX data collection while
maintaining spatial-temporal coupling (echoes G5), enabling partic-
ipants to efficiently document journey experiences with organized,
contextually anchored UX insights across multiple dimensions.
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Step 4. Exploring pain points and specific opportunities (see
Fig. 3. d). This step promotes analysis by connecting collected UX
data with environmental contexts to identify potential improve-
ments to the overall journey. JourneyCapturer maintains telepor-
tation movement and visual pathway guidance (echoes G2, G5),
enabling participants to navigate between collection points while
reviewing their documented UX data. JourneyCapturer preserves
authentic IVE and immersive background audio (echoes G1, G5) to
maintain contextual awareness during analysis. Participants utilize
existing UX collection templates to record pain points and oppor-
tunities through “RECORD” button and manage content through
“delete” functionality (echoes G3, G4), facilitating identification of
self-insights rooted in spatial-temporal journey contexts.

5 USER STUDY

The purpose of this research is to investigate the potential of ap-
plying IVE for consciously proactive collecting concurrent envi-
ronmental UX data with a first-person perspective, primarily by
comparing concurrent methods to retrospective ones. We selected a
micro-phenomenological interview, a retrospective method focused
on recalling experiential memory, as our baseline to evaluate the
concurrent IVE method, JourneyCapturer, ensuring a fair compari-
son since both methods involve conscious, proactive information
sharing rather than passive verbalization. We then conducted a
within-subjects study comparing JourneyCapturer with the retro-
spective method to explore the advantages and concerns introduced
by concurrent annotation with spatial context in the UX data col-
lection process, using Journey mapping content as the task.

5.1 Setup

Participants used VR to experience their journeys through realistic
environmental simulations, which triggered their authentic memo-
ries and allowed them to document these experiences in context,
rather than relying on hypothetical scenarios to recall. We selected
two representative scenarios from daily life for our UX collection
tasks: subway journeys and hospital examination processes. For
both conditions, we provided identical UX collection templates
with consistent recording dimensions, including Phases, Scenar-
ios, Action, Touch Points, Emotion, Pain Points, and Opportunities.
The same UX collection content was implemented as a virtual
floating panel version in the concurrent condition and a micro-
phenomenological interview version in the retrospective condition.
In both scenarios, participants employed a think-aloud method
while recalling their journey experiences. However, there was a key
difference between conditions. In the concurrent condition, partici-
pants received preliminary VR training and independently recorded
UX data using JourneyCapturer. In the retrospective condition, de-
signers collected UX data by conducting micro-phenomenological
interviews with participants.

In the concurrent condition, we utilized the Meta Quest 3
headset with controller-activated functions in IVE, maintaining
visual route guidance and audio transcription in the UX collection
template panel. In the retrospective condition, to balance the
spatial information across conditions, participants first explored the
IVE using the Meta Quest 3 headset. They then orally described their
experiences in a micro-phenomenological interview conducted by
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the designers. In both conditions, participants worked within a 2.5
X 2.5 meter tracking space, preserving a consistent balance among
materials, experimental setting, and the collection process.

5.2 Participants

We recruited twenty participants (P1 - P20) comprising 8 males and
12 females, with ages ranging from 18 to 30 years (M = 24.75, SD =
2.57; detailed demographics in Appendix B Table 6) by institutional
announcements and social media platforms. All participants had full
cognitive and sensorimotor capacities. Additionally, participants
had no medical conditions contraindicating VR use and no severe
vision problems that would make the VR experience impossible
or excessively challenging. We conducted the study in person and
video recorded each session. We also captured screen recordings of
tool usage during the sessions. Each experimental session lasted
approximately 2.5 - 3 hours, and participants received vouchers
valued at HKD 200 upon completion.

5.3 Procedure
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Figure 4: The procedure of user study.

The study incorporates three consecutive stages (see Fig. 4) to as-
sess both the concurrent IVE method and the retrospective method.

We conducted the user study using a within-subjects design.
Prior to the study, we conducted 10-minute preliminary interviews
with each participant for background information (see Fig. 4. a).
Participants completed a pre-experiment questionnaire about their
demographics and VR familiarity. Then, the session began with VR

Mingming et al.

equipment calibration and basic operational training in Journey-
Capturer. Participants practiced essential tasks, including content
creation, environment navigation, and interactive element manipu-
lation. Participants explored specific functionalities of JourneyCap-
turer, rigorously testing each feature 1 - 2 times while navigating
guided pathways, typically requiring 5 - 10 minutes. Consequently,
the entire tutorial lasted approximately 10 minutes. Additionally, for
the UX data collection template panel in three conditions, which
organizes Phases horizontally, with elements such as Scenarios,
Action, Touch Points, Emotion, Pain Points, and Opportunities ar-
ranged vertically, making it similar to three methods.

In the study, to evaluate the effectiveness of different UX data
collection approaches and capture nuanced differences in data qual-
ity and completeness, we designed three distinct methods (see Fig.
5) that enabled precise comparison of concurrent with retrospec-
tive collection methods, identifying specific strengths and limita-
tions of each approach and insights for our subsequent findings
analysis. (1) Retrospective IVE method: participants first expe-
rienced the IVE in JourneyCapturer without any UX data being
captured during the session. Afterward, a designer conducted a
micro-phenomenological interview to collect UX data retrospec-
tively by guiding participants to recall and articulate their journeys’
experiences. (2) Concurrent IVE method: participants used Journ-
eyCapturer to collect and record UX data concurrently within the
IVE using UX collection templates. Then, the collected data were ex-
ported from JourneyCapturer. (3) Combined method: building on
the concurrent IVE method’s procedures, the designer conducted a
micro-phenomenological interview on the same journey scenario to
elicit additional UX data retrospectively. For all three methods sep-
arately, a second designer oversaw the entire process and mapped
the collected UX data into a simple Journey mapping in Figma
for further evaluation of the collected errors and valuable insights
within three methods. Only UX data mapping was performed with-
out any design activities. We selected Figma because it is widely
used by UX designers, and the adopted official template has been
widely employed in numerous UX design projects.

We randomly assigned the participants into four equal groups (A,
B, C, D; 5 participants per group), according to two representative
scenarios (hospital and subway station) (see Fig. 4. b). We used a
Latin square design to randomize the order of methods and scenar-
ios used across groups and reduce sequence effects. For example,
Group A completed the retrospective method with hospital jour-
ney, then the concurrent IVE method, and followed the combined
method with subway journey, while Group B started the concurrent
IVE method and then the combined method with hospital journey,
and then the retrospective method with subway journey. This de-
sign ensured that each method-scenario combination was tested
under comparable conditions and that all participants engaged with
both methods and scenarios. To prevent fatigue effects, participants
received 15-minute breaks between each condition, allowing suf-
ficient recovery time before proceeding to the next experimental
condition. For every three methods, we did not impose time limits,
and each task ended when participants had no further experience
data to provide. For the second designer’s journey mapping task in
Figma, the subway scenario required a journey mapping focused
on metro wayfinding systems, and the hospital scenario required a
journey mapping focused on hospital navigation systems.
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Figure 5: The user study procedure of three methods.

After the study, participants filled out a set of questionnaires to
gather immediate feedback on their experiences and a post-study
interview to understand the reasons behind any rating differences
(see Fig. 4. c). For the quantitative evaluation, participants com-
pleted five standardized questionnaires to assess both tools: the
Memory Experiences Questionnaire (MEQ) [67] assesses the phe-
nomenological experience of autobiographical memories, the NASA
Task Load Index (NASA-TLX) [24] to assess cognitive workload, the
System Usability Scale (SUS) [9] measure the system usability. Addi-
tionally, Task Immersion, adapted from the Presence Questionnaire
[82], is employed to assess immersion across various comparative
experimental conditions. Inspired by established approaches for
defining evaluation dimensions from prior UX research [41, 92],
we developed specific self-assessment questionnaires to measure
UX data collection performance in terms of satisfaction and goal
achievement, see Table. 2.

5.4 Data analysis

We implemented data cleaning procedures to ensure the accuracy
and reliability, including screening questionnaire outliers and recal-
ibrating reverse-coded items for consistency across all data points.

For quantitative analysis, we first used Cronbach’s alpha coeffi-
cient [34] to confirm the reliability of Immersion (0.838, indicating
“good”) and Self-assessment of UX Collection questionnaires (0.853,
indicating “good”). Subsequently, a Shapiro-Wilk test confirmed
that the Time Spent data were normally distributed while other
variables were not. Accordingly, we conducted Repeated Measures
ANOVA to compare Time Spent and performed the Friedman test

to compare the Number of collected valuable insights, self-
assessment of UX collection questionnaires, MEQ, Inmersion
questionnaires, and NASA-TLX across the three UX collection
methods. To assess within-method consistency in the combined
method, we quantified discrepancies between the concurrent IVE
and subsequent retrospective reports as the collected UX data’s
errors. We then performed a one-sample Wilcoxon signed-rank test
to test whether the median error count differed from zero, where
zero indicates perfect agreement. Additionally, SUS total scores
were calculated following the standard SUS scoring procedure.
For qualitative analysis, we conducted a mixed deductive-inductive

method. The deductive coding framework was derived from our five
standardized questionnaires’ dimensions. As participants justified
their questionnaire ratings in the post-study interview, we applied
inductive thematic coding to extract underlying reasons and emer-
gent themes from these explanations. Then, the emerged codes were
analyzed independently and mapped onto the 5-dimensional de-
ductive framework when appropriate. For example, our qualitative
theme “Thematic relevance organization through spatial anchoring”
(Section 6.1) demonstrates a direct correspondence with the Rele-
vance dimension of our self-assessment UX collection questionnaire,
and the findings “Enhanced memory vividness through multi-sensory
stimulation” (Section 6.4) directly correspond to the Vividness di-
mension of MEQ. To ensure analytical rigor, we implemented a
dual independent-coding protocol: one researcher performed the
initial coding, followed by a second researcher who independently
reviewed and refined the codes. A third researcher then reviewed
both coding sets, addressed any discrepancies, and discussed with



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

Mingming et al.

Table 2: The questionnaire of the self-assessment of UX collection and Immersion.

Self-assessment of
UX collection

Completeness

I provided complete UX data that covers all UX collection dimen-
sions when using concurrent IVE method/retrospective interview.

Accuracy

The UX data I provided accurately reflects my actual experiences
when using concurrent IVE method/retrospective interview.

Clarity

My UX data expression is clear and easy to understand when using
concurrent IVE method/retrospective interview.

Consistency

My emotional responses align logically with the situations
and experiences I described when using concurrent IVE
method/retrospective interview.

Relevance

I can effectively provide corresponding UX data based on the specific
dimensions provided in the concurrent IVE method/retrospective
interview.

Insight

I provided valuable insights that reveal hard-to-detect observations
with concurrent IVE method/retrospective interview.

Immersion

Expression Naturalness

It feels natural to express my UX data in the concurrent IVE
method/retrospective interview.

Exploration Freedom

I can autonomously explore and express UX data from different
perspectives in concurrent IVE method/retrospective interview.

Engaged Level

I am highly engaged during concurrent IVE method/retrospective
interview.

Overall Immersion

I feel fully immersed when capturing UX data during concurrent
IVE method/retrospective interview.

Cognitive Fluency

I can express UX data smoothly without frequent pauses
to think about how to articulate during concurrent IVE

method/retrospective interview.

Interference Factors

External factors in concurrent IVE method/retrospective interview

do not interfere with my UX data collection.

Focus

I can focus on sharing UX rather than dealing with technical inter-

actions in concurrent IVE method/retrospective interview.

two researchers to reach consensus. We established the final the-
matic framework through iterative consensus-building discussions.
The finalized codes can be found in the Table. 3.

To address RQ2 regarding the impacts of implementing the
concurrent IVE method on the collected user data, we specifically
analyzed: (1) quantitative evaluations from Time Spent, Number
of collected valuable insights, Number of collected errors, and self-
assessment of UX collection questionnaires (see Table. 3) to assess
the UX data collection process and outputs (Section 6.1); (2)
qualitative feedback from participants’ interviews regarding their
perceptions of UX collection performance. This approach correlated
observed scoring variations with underlying qualitative insights, re-
vealing key themes in the Table. 3, such as “Objectivity enhancement
with environmental information” and “Thematic relevance organiza-
tion through spatial anchoring”.

To answer RQ3 regarding how participants perceive the concur-
rent IVE method for UX data collection, we specifically analyzed: (1)
quantitative evaluations from MEQ, Immersion (see Table. 3), SUS,
and NASA-TLX; (2) qualitative feedback from participants’ inter-
views regarding perception of both the concurrent IVE method and

retrospective IVE method. Our integrated analysis identified sta-
tistically significant differences in participants’ perceptions across
three dimensions: Usability (Section 6.2), Immersion (Section 6.3),
and Memory Support (Section 6.4), see Table. 3.

6 RESULTS

6.1 UX Data Collection Process and Outputs

6.1.1 Objective UX Data Results. The system-collected UX data
first revealed differences among the three conditions in terms of task
time, error, and valuable insights. The Repeated Measure ANOVA
(Appendix C Table 7) showed a significant main effect on task time
spent across three conditions (p < .001). The pairwise comparisons
with Bonferroni correction (Appendix C Table 8) showed that the
retrospective method required significantly less time than both
concurrent IVE method and combined method (both ps < .05),
whereas the combined method required significantly more time
than concurrent IVE method (p < .001), see Fig. 6. a.

Three researchers collaboratively analyzed collected UX data
with three methods through a two-step evaluation process. First,
two researchers evaluated the number of valuable insights in each
UX collection dimension by identifying opportunities that provided
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Table 3: The outline of the qualitative codes and findings from the user study.

Section Codes

Sequential cognitive engagement through environmental immersion.

Objectivity enhancement with environmental anchoring.

6.1 UX Data Collection Process Thematic relevance organization through spatial anchoring.

and Outputs

Contextual insight generation through environmental triggers.

Cognitive load from scene-memory alignment verification.

Reduced confidence in opportunity generation without designer guidance.

Enhanced engagement through gamified exploration experience.

Complete system capability validation.

6.2 Perception of Usability

Physical strain from hardware limitations.

Initial learning barriers from unfamiliar VR interactions.

Enhanced autonomous expression through reduced social pressure.

Increased task motivation through visual progress feedback.

6.3 Perception of Immersion

Sustained attention through distraction-free immersion.

Impaired verbal fluency due to concurrent recording pressure.

Attention fragmentation from excessive environmental stimuli.

Enhanced memory vividness through multi-sensory stimulation.

Logical narrative coherence through spatial progression.

6.4 Perception of Memory

Memory accessibility improvement through environmental cue support.

Support

Reduced temporal awareness due to spatial immersion focus.

inspiration for designing solutions. Second, they assessed the num-
ber of errors compared with the UX data collected from concurrent
method and interview conducted in the combined method by ex-
amining missing dimensional information, content omissions or
inaccuracies, and deviations from user descriptions. Following ini-
tial coding and analysis by two researchers, the third researcher (i.e.,
the designer who completed the journey mapping using three meth-
ods) conducted verification to ensure analytical reliability. Both
researchers reached a consensus on all evaluation outcomes.

The Wilcoxon signed-rank test revealed that median error counts
differed significantly from zero across six dimensions (Appendix
C Table 9): scenarios, actions, touch points, emotions, pain points,
and opportunities. This indicates that the retrospective interview
component in the combined method yielded significantly different
responses after the concurrent UX collection. In contrast, there was
no significant in phase (all ps < .05), see Fig. 6. b.

The Friedman test revealed significant main effects (Appendix C
Table 10) in all seven dimensions on the number of valuable in-
sights (all ps < .05) . The post-hoc tests with Bonferroni correction
(Appendix C Table 11) showed that, across six dimensions: phases,
scenarios, actions, touch points, emotions, and pain points, the
combined method was significantly superior to the retrospective
method (all ps < .05). In scenarios, actions, touch points, and emo-
tions, the concurrent IVE method was also significantly superior to
the retrospective method (all ps < .05). No significant differences
were found in opportunities between three methods, see Fig. 6. c.

6.1.2  Subjective UX Data Collection Assessment. The results of
the Friedman test on self-assessment of UX collection indicated

that the three conditions had main effects (Appendix C Table 12)
on Completeness, Consistency, Relevance, and Insight (all ps <
.001). There were no main effects on Accuracy and Clarity (both
ps > .05), see Fig. 7. The following sections present participant
interview rationales that explain these rating differences, revealing
key strengths of the concurrent method with JourneyCapturer in
both the UX collection process and its outputs:

Sequential cognitive engagement through environmental
immersion. Regarding the Completeness subscale, post-hoc pair-
wise comparisons with Bonferroni correction (Appendix C Table 13)
showed that the concurrent IVE method and the combined method
were significantly superior to the retrospective method (both ps
< .01). The concurrent IVE method through JourneyCapturer’s rich
environmental details facilitated participants in generating more
UX content by encouraging deeper thinking at each stage of their
journey. P2 emphasized the IVE’s capacity to stimulate situational
thinking: “think about abnormal situations like subway breakdowns
or rush hour crowds within each phase”. This cognitive stimulation
extended beyond simple recall to analytical thinking, enabling par-
ticipants to “observe the environment and generate insights” (P7) and
“think about different cases” (P15) at each phase. The environmen-
tal richness also promoted exploration, allowing them to “describe
more details such as actions” (P4) and “analysis of each interaction
point” (P9).

Objectivity enhancement with environmental anchoring.
Compared with the retrospective method, the post-hoc pairwise
comparisons with Bonferroni correction (Appendix C Table 13)
showed that the concurrent IVE method and the combined method
exhibited significantly higher scores in terms of Consistency (both
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ps < .05). Environmental anchoring in the concurrent IVE method
enhanced data objectivity and authenticity, with participants not-
ing VR emotions were “more genuine and spontaneous” (P6, P11).
The environmental anchoring prevented biased responses, as in
interviews “details might not be accurate” (P1) or even can be “fake”
(P18) as they cater to the designer and lose independent thinking.
P11 exemplified this: “In VR, seeing the hospital window made me
feel frustrated about queuing, but in the interview, I reported feeling
calm because of the calm state I recalled”.

Thematic relevance organization through spatial anchor-
ing. In the subscale of Relevance, the post-hoc pairwise compar-
isons with Bonferroni correction (Appendix C Table 13) showed
that the concurrent IVE method and the combined method scored
significantly higher than the retrospective method (both ps < .01).
Concurrent IVE method achieved a strong correlation between
content and dimensions through JourneyCapturer’s autonomous
exploration and spatially triggered recording, preventing topic drift.
P17 noted: “I record content near relevant objects, with panels for
review”. The environmental anchoring maintained “thematic fo-
cus” (P2) and “obvious structural continuity” (P4), while interviews
were fragmented and “suffered from memory confusion across phases”

(P13). P16 illustrated: “When discussing registration in hospital,
mentioned queuing, mixing different phases”.

Contextual insight generation through environmental trig-
gers. The post-hoc pairwise comparisons with Bonferroni correc-
tion (Appendix C Table 13) showed that both the concurrent IVE
method and the combined method significantly enhanced Insight
generation, compared with the retrospective method (both ps < .01).
Concurrent IVE method through JourneyCapturer’s IVE stimulated
deeper thinking, generating valuable insights about pain points
and opportunities (P2, P19), including environmental and accessi-
bility considerations. Participants emphasized JourneyCapturer’s
depth advantage, such as “recall surrounding people’s pain points in
specific environments” (P14) and “suggesting user-friendly designs
for disabilities when seeing turnstiles” (P3). In contrast, participants
focused more on “personal feelings” (P4) in interviews, finding it
difficult to think deeply without surrounding environments.

Two notable challenges were mentioned: the concurrent IVE
method required participants to verify differences between Journ-
eyCapturer’s virtual environment and their personal memories, and
reduced confidence due to a lack of concurrent designer feedback.
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Cognitive load from scene-memory alignment verification.
The concurrent IVE method using JourneyCapturer required par-
ticipants to validate scene-memory alignment, necessitating time
spent checking the IVE against real memory scenarios (P16). P5
acknowledged limited environmental reference: “I didn’t use the VR
environment much for reference, mainly relying on real experience
recall”. Despite scene differences, some participants emphasized
maintained effectiveness, such as “checking against wrong scenarios
makes me more rigorous” (P9) and “scenes are realistic, and walking
nearby lets me think more relevant details” (P14).

Reduced confidence in opportunity generation without de-
signer guidance. The concurrent IVE method’s self-recording di-
minished participants’ confidence in generating opportunities (P3)
due to a lack of concurrent designer feedback, despite maintain-
ing the collection of rich detail. P15 emphasized the necessity of
guidance: “Designers can guide me to think more precisely about
professional design opportunities that designers want”. The absence
of interactive validation particularly affected opportunity identifi-
cation, as P10 observed: “I don’t know what to say, which parts are
important, but designers serve as reminders when I go off-topic”.

6.2 Perception of Usability

We used SUS, behavior pattern, and NASA-TLX to evaluate the
users’ perception of usability. The SUS evaluation revealed high
usability for both IVE systems, with JourneyCapturer scoring 77.60
(SD = 10.57, grade B+) and the IVE tool without annotation that
we provided before conducting the interview method, achieving
80.15 (SD = 13.26, grade A-). Both exceeded the established SUS
benchmark of 68.

To complement participants’ subjective usability perceptions,
we analyzed the patterns of interaction behavior within Jour-
neyCapturer through system logs capturing the numbers of the
operations (i.e., annotation creation, deletion, and edit), see Table
4. The total number of annotations (M = 36.90) appears to be as-
sociated with annotation creation of journey Phases (M = 6.80).
This is because when participants created UX collection template
panels-Phase (i.e., interactive panels for recording UX dimensions
in IVE), they would consistently record UX collection dimensions
of Scenarios (M = 6.40), Actions (M = 5.65), and Emotions (M =
6.10), and therefore accumulated total annotation numbers. How-
ever, participants showed reduced engagement with dimensions
of Touch Points (M = 3.40) and Opportunities (M = 3.55), which
required professional opinions. Additionally, Deletion (M = 3.70)
operations primarily addressed speech-to-text errors, while edits (M
= 1.45) occurred when participants needed to categorize recorded
content or provide contextual supplements to previous recordings
throughout the whole journey. As a result, the numbers of edits
and deletions were noticeably lower compared to other operations.

The Friedman test results showed significant differences of NASA-
TLX among three conditions in Physical Demand, Temporal De-
mand, and Performance (all ps < .01), as shown in Appendix C, Ta-
ble 14. Post-hoc analyses revealed that both the concurrent method
and the combined method imposed significantly higher Physical
Demand compared with the retrospective method (both ps < .05).
Both concurrent and combined methods imposed higher Perfor-
mance than retrospective method (both ps < .05), while concurrent
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Table 4: The number of separate annotations for seven di-
mensions, total annotations, total deletions, and total edits.

Operations Total Numbers  Mean (SD)
Phases 6.80 (11.56)
Scenarios 6.40 (6.64)
Separate Annotations Actions 5.65 (6.83)
for seven dimensions Touch Point 3.40 (10.34)
with Template Emotions 6.10 (7.79)
Pain Points 5.00 (6.10)
Opportunities  3.55 (4.35)
Total Annotations 36.90 (13.14)
Total Deletions 3.70 (2.91)
Total Edits 1.45 (1.75)

[] Retrospective method
[ Concurrent method
[ Combined method
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Figure 8: The results of NASA-TLX.

method yielded lower Temporal Demand than combined method
(p < .01), see Fig. 8 and Appendix C, Table 15. Participants indicated
that moderate physical demand did not undermine usability, with
JourneyCapturer demonstrating advantages in two ways:

Enhanced engagement through gamified exploration expe-
rience. Gamified interaction elements fostered an engaging sense
of achievement in the concurrent IVE method. P11 noted “moving
through IVE felt like playing a game”, while P6 emphasized that the
interactive panels created discovery-based engagement. The visual-
ization of recorded annotations through progress indicators moti-
vated continued participation, with “seeing my journey’s completion
encouraged thorough exploration” (P14). This intrinsic motivation
reduced research anxiety while maintaining the effectiveness of
the data collection process.

Complete system capability validation. JourneyCapturer ful-
filled design expectations across five design goals. Participants con-
firmed the achievement of environmental authenticity (G1) through
“distraction-free focus” (P8). Navigation comfort optimization (G2)
by teleportation, preventing motion sickness while maintaining
exploration freedom (P2, P12). Scene-driven annotation (G3) en-
abled efficient data collection with “seamless voice recording and
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object selection” (P15). Flexible template panel (G4) supported struc-
tured documentation through editing and deletion functions (P3,
P6, P18). Spatial-temporal coupling (G5) provided organized output
corresponding to specific scenarios (P7, P12).

Nevertheless, participants also identified limitations in the con-
current IVE method, including JourneyCapturer’s physiological
discomfort and challenges with unfamiliar operations.

Physical strain from hardware limitations. Mental and phys-
ical demands created a significant burden for users through the
device’s weight and motion discomfort. P9 reported “VR device’s
weight caused neck strain after extended use”, while P13 noted “fast
movement transitions triggered mild dizziness” despite teleportation
implementation. These physiological barriers potentially limited
effectiveness in the last phases of UX data collection and users’
willingness for repeated participation.

Initial learning barriers from unfamiliar VR interactions.
The specific interaction functions of JourneyCapturer created learn-
ing curve barriers affecting initial performance. P4 struggled with
“understanding teleportation and button functions”, requiring “more
practice time” (P16). Voice recording activation initially confused
participants, with P10 noting, “when recording started or stopped
wasn’t clear at first”. However, participants typically achieved com-
plete independence within 10 minutes without affecting overall
effectiveness.

6.3 Perception of Immersion

The Friedman test results for Immersion (Appendix C, Table 16)
indicated that the three conditions had significant main effects on
Expression Naturalness, Exploration Freedom, Engagement Level,
Overall Immersion, and Cognitive Fluency (all ps < .01), but not
on Interference Factors and Focus (both ps > .05). The post-hoc
tests with Bonferroni correction (Appendix C, Table 17) showed
that, for Expression Naturalness, both the retrospective method
and the combined method scored significantly higher than the
concurrent method (both ps < .01). In contrast, for Exploration
Freedom, Engagement Level, Overall Immersion, and Cognitive
Fluency, the concurrent method yielded significantly higher scores
than the retrospective method (all ps < .01), so as combined method
(all ps < .05), see Fig. 9. We present participants’ perspectives
on task immersion for the different dimensions in the following
sections. We first present the identified strengths of the concurrent
method with JourneyCapturer as follows:

Enhanced autonomous expression through reduced social
pressure. Concurrent IVE method through JourneyCapturer’s self-
directed recording environment reduced social pressure and en-
hanced participants’ willingness to express authentic experiences.
Participants noted that an immersive self-paced environment al-
lowed them to “record more relaxedly and freely” (P7) and “feel
safer and more comfortable for speaking” (P19), enabling deeper
reflection for collecting data. The autonomous nature eliminated
the demands for immediate responses that characterize traditional
interviews. Participants explained that retrospective interviews
require “immediate feedback” (P14) and “interacting with people”
(P12) under pressure, but JourneyCapturer allowed them to“think
first then speak naturally” (P3).
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Figure 9: The results of Immersion.

Increased task motivation through visual progress feedback.
Concurrent IVE method enhanced participants’ task completion sat-
isfaction through the visual feedback system with tangible progress
panels in the virtual environment. P5 noted that “Looking at the
panel text feels like completing a task in progress, which gives me
a sense of accomplishment”, while P6 observed “The record panel
creates motivation to complete the task”. The visible accumulation
of transcribed content provided continuous validation of collecting
experiential data, as P13 explained: “I can see my thoughts being
organized logically on the panel, which makes me feel productive”.

Sustained attention through distraction-free immersion.
Concurrent IVE method enhanced participants’ concentration by
eliminating external distractions and designer interference. P1 noted
that “VR creates environmental immersion where I can follow my
own thoughts completely”, while P9 observed being “easily attracted
by interactions and environment in VR”. This protected cognitive
space enabled sustained attention and deeper engagement, with
participants feeling “safer with higher security” (P18). The isolation
from social pressure proved particularly beneficial, contrasting with
retrospective interviews where participants noted feeling “nervous
without safety” (P4).

Although the concurrent IVE method effectively enhanced con-
current UX collection motivation through three key strengths re-
garding facilitated autonomous expression, improved achievement
cognition, and enhanced focus, two challenges emerged from par-
ticipants’ feedback:

Impaired verbal fluency due to concurrent recording pres-
sure. Concurrent IVE method created temporal pressure that dis-
rupted participants’ natural expression flow through JourneyCap-
turer’s concurrent voice recording mechanism. Participants noted
that they needed to “think well before expressing in the record panel”
(P6) and “requires time to organize language, because I want to speak
frequently for each experiential dimension” (P8, P13). The concurrent
recording format demanded pre-planning and sometimes disrupted
participants’ expression flow, as P14 noted “I feel a little nervous
when I am recording and believe that I just have one chance to record,
so sometimes I get disrupted when speaking”, while participants
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Figure 10: The results of MEQ.

could “describe more fluently and quickly” (P16) in retrospective
interviews.

Attention fragmentation from excessive environmental stim-
uli. Concurrent IVE method through JourneyCapturer’s rich visual
environment occasionally diverted participants’ attention from core
UX reflection to irrelevant environmental elements. P8 observed
that “VR’s multi-sensory environment can output more information,
but visuals also distract attention”, while P9 noted “VR is creating
extra information, and I am attracted to interactions, making it diffi-
cult to focus on my own sensations”. This cognitive fragmentation
contrasted with retrospective interviews where P20 emphasized
“VR’s concurrent recording has too much freedom, which may result
in some irrelevant collection, as I want to include everything I see”.

6.4 Perception of Memory Support

The MEQ results (Appendix C, Table 18) revealed that the three
conditions had significant main effects on Vividness, Coherence, Ac-
cessibility, Sensory Detail, Emotional Intensity, Visual Perspective,
and Distancing, but not on Time Perspective, Sharing, or Valence
(all ps < .05). The combined method scored significantly higher than
the retrospective method on Vividness, Coherence, Accessibility,
Sensory Detail, Emotional Intensity, Visual Perspective, and Dis-
tancing (all ps < .05). Concurrent method also scored significantly
higher than the retrospective method on Vividness, Coherence, Ac-
cessibility, Sensory Detail, Emotional Intensity, Visual Perspective,
and Distancing (all ps < .05), see Fig. 10 and Appendix C, Table 19.
However, no significant differences were found in time perspective,
sharing, and valence between the three methods. We present the
identified strengths from the reflections of the participants:
Enhanced memory vividness through multi-sensory stimu-
lation. Concurrent IVE method through JourneyCapturer’s audio-
visual integration effectively intensified memory vividness through
coordinated sensory stimulation, as “Sounds help me recall many
subway audio details, making it more immersive” (P11). P6 noted
cross-sensory activation: “Seeing medicine in the environment makes
me think of its taste”. P20 highlighted environmental memory trig-
gers: “Environmental factors provide memory prompts for vividness”.

The multi-modal stimulation created richer concurrent recall ex-
periences, as P7 observed: “Visual elements stimulate other senses,
which is difficult to achieve through pure retrospective memory recall”.

Logical narrative coherence through spatial progression.
Concurrent IVE method achieved enhanced logical coherence by
leveraging JourneyCapturer’s spatial embodiment and sequential
environmental navigation, in contrast to fragmented interview re-
calls. P4 and P14 emphasized: “I am moving into an environment to
record my experience, so the whole content has logic and organization”.
The spatial progression maintained ordered recall phases, through
“recording content near corresponding objects with one-to-one corre-
spondence” (P17) and “reviewing previous recordings through panels”
(P5). In contrast, P19 noted that interviews were “more like seg-
mented memory summaries”, lacking the structured narrative flow
without contextual anchoring.

Memory accessibility improvement through environmental
cue support. Concurrent IVE method through JourneyCapturer’s
realistic scenes reduced cognitive burden and enhanced memory
retrieval through environmental cues. P3 and P11 emphasized the
reduction of cognitive load: “VR immersion eliminates the need to
imagine scenarios, reducing mental workload as I don’t need to visual-
ize scenes in my mind”. Participants noted procedural support: “the
walking flow with environments reduces recall burden, such as phases
and actions” (P12), and “lightens cognitive task load” (P18). Addition-
ally, JourneyCapturer enhanced the retrieval of UX experiences,
such as “seeing scenes’ details triggers associations for recording” (P7)
and even “thinking of things when seeing the self-service machine in
hospital that I couldn’t recall through retrospective method” (P2).

However, participants revealed one primary concern with the
concurrent IVE method: reduced attention to duration estimation
due to the concurrent spatial immersion while prioritizing event
sequence and spatial details.

Reduced temporal awareness due to spatial immersion fo-
cus. Concurrent IVE method diminished participants’ attention to
temporal details through JourneyCapturer’s spatial focus, priori-
tizing event sequence over the estimation of duration. P9 noted
the redirection of attention: “VR makes me focus more on current
phases’ details rather than time consciousness and thinking about
duration”. P16 emphasized temporal immersion: “VR makes time
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Figure 11: The Overview of Interdependent Relationships across the three dimensions of findings.

feel slower and more relaxed, which helps with deep thinking but Retrospective method: Professional Guidance with Memory
reduces time awareness”. Conversely, interviews naturally elicited Limitations. The retrospective method provided valuable facil-
temporal estimates, as P15 observed: “Interviews help me provide itation by the designer [22, 53] through guided divergent think-
time estimates like ’passing through gates takes 5-10 minutes’, while ing and professional interpretation [71], particularly effective for
VR focuses more on spatial positioning and location clarity’. pain points and opportunities requiring design insight. Expression

fluency remained high, allowing participants to describe experi-
ences more naturally compared to concurrent conditions. However,
memory distortion and post-experience rationalization [58] com-
promised data authenticity, with participants acknowledging that

7  DISCUSSION interview details might be inaccurate as they cater to designers’

expectations. Thematic drift and fragmented recall across journey

7.1 Comparative Trade-offs in Concurrent IVE phases created structural inconsistencies, while social pressure from
Method and Retrospective Method designers affected the sharing of authentic responses.

Combined method: Complete Coverage with Efficiency Con-
cerns. The combined method offered cross-validation [6, 10] be-
tween insights generated by participants and facilitated interpreta-
tions by designers [44] while ensuring coverage of UX data through
the use of dual approaches. However, the extended time commit-

Our comparative evaluation revealed distinct advantages and con-
siderations for each UX data collection method, highlighting the
complex trade-offs among efficiency, authenticity, and completeness
in UX data collection. Each method demonstrated unique strengths,

specific challenges drawn from participants’ perceptions, and the
insights to address RQ2 and RQ3 (Section 6.1 - 6.4). ment led to redundancy and participant fatigue, thereby affecting
data quality. Our error analysis revealed that participants were no

longer immersed during post-IVE interviews, creating conflicts in
memory and reliance on general knowledge rather than authentic
experiential recall. This method reveals evolving the dynamics be-
tween participants and designers, where traditional relationships
between interviewer and interviewee shift toward collaborative
exploration, suggesting the potential for optimizing strategic col-
laboration between users and designers within the environmental
context.

While each method presents distinct trade-offs, the consciously
proactive concurrent IVE method demonstrates complex interde-
pendent relationships, see Fig. 11, among three core dimensions
of findings that collectively influence the effectiveness of collecting
UX data. Our qualitative findings revealed a potential pattern in

Concurrent IVE Method: Consciously Proactive Collection
with Environmental Anchoring. The concurrent IVE method rep-
resents a departure from traditional passive concurrent approaches
[2, 21] by enabling consciously proactive data collection triggered
by environmental contexts rather than reactive verbalization during
task performance. This approach demonstrated advantages through
environmental anchoring, enabling UX content generation beyond
simple recall [28, 63] while maintaining thematic relevance through
spatial progression. Environmental contexts enhanced objectivity
by preventing biased responses [7] common in retrospective in-
terviews. However, the requirements for cognitive scenario valida-
tion emerged when IVE differed from personal memories, and the
disruption of expression fluency occurred due to the concurrent
recording pressure. Additionally, reduced confidence in opportunity
generation resulted from a lack of designer guidance [27].
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Figure 12: Guidelines for Implementing Proactive Concurrent UX Collection.

how immersion, memory support, and usability mutually influ-
ence one another and collectively contribute to the collection of
UX data. First, Immersion creates dual effects on memory and
usability: for the memory support, spatial environmental triggers
activate situational experience, enhancing vividness of journey
articulation while excessive spatial focus leads to temporal per-
ception blur (a). For usability, IVE improves user concentration
and engagement, yet introduces VR equipment burden and tech-
nical barriers (b). These immersive qualities directly enhance the
collection of data by integrating authentic environmental context
for objectivity, but create attention fragmentation that distracts
from core UX reflection (e). Second, Memory Support provides
environment-triggered rich details for complete insights into user
experiences, though scene-experience verification increases cog-
nitive load that requires mental effort to align scenarios (c). Third,
Usability ensures smooth processes for collection and improves
content relevance through seamless interaction, yet VR voice in-
teraction affects language fluency and lacks professional guidance,
leading to reduced confidence (d). Memory support and usability
mutually reinforce each other, with richer contextual details en-
hancing engagement while smoother interactions facilitate better
memory organization (f). Ultimately, these six relationship path-
ways converge on an Enhanced UX Data Collection Process and
Output, where the dynamic interplay between immersive engage-
ment, memory retrieval support, and system usability determines
both the procedural efficiency and qualitative depth of UX insights
within the consciously proactive concurrent IVE method.

7.2 Guidelines for Implementing Proactive
Concurrent UX Collection

Our study revealed that participants naturally exhibited consciously
proactive behavior patterns to collect UX data within situational
contexts across multiple dimensions. At the Micro-level, partici-
pants systematically executed iterative processes for capture, in-
cluding context construction, structured anchoring, concurrent
documentation, and contextual reflection within each phase. At the
Meso-level, they deliberately segmented experiences by breaking
journeys into self-defined phases with distinct contextual character-
istics and collection requirements. At the Macro-level, participants
established collection boundaries, identified key experiential mile-
stones, and strategically allocated attention across entire journeys.

Building on these empirical observations, we propose the Proac-
tive Concurrent UX Collection Guidelines that transform partic-
ipants’ consciously proactive behaviors for collection into a struc-
tured framework for future UX research, see Fig. 12. We formalize
this approach through Context-Data Coupling Loops, iterative
cycles where context and experiential data become mutually re-
inforcing. These loops operate across three hierarchical levels: 1)
Micro-level: Contextual Capture Cycles. This level executes con-
current data collection within defined phases through four iterative
steps (see Section 4.2): a) Context Construction to establish situa-
tional immersion; b) Structured Anchoring to bind UX dimensions
to specific contextual elements; c) Concurrent Documentation to
capture concurrent experiential data; d). Contextual Reflection to
generate situation-triggered insights. Users actively select recording
moments based on immediately authentic feelings, directly utiliz-
ing contextual elements as capture triggers and analytical anchors.
For instance, participants anchored feelings of anxiety to X-ray
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machines during security checks, then reflected on accessibility im-
plications for elderly passengers. 2) Meso-level: Contextual Phase
Data Organization. This level segments experiences into con-
textually meaningful collection units, where users actively define
specific phase boundaries based on contextual transitions, estab-
lish specialized data collection templates for each phase, determine
situational characteristics and collection priorities, and organize
logical relationships between phases. In our study, participants
naturally segmented subway journeys into several phases, such as
entry orientation, security ticketing, navigation wayfinding, and so
on, each with phase-specific collection templates. 3) Macro-level:
Experience Flow Management. This level establishes a complete
data collection strategy with contexts through holistic experience
planning, where users determine overall experience boundaries,
establish collection strategies with priority hierarchies, and plan
resource allocation across the entire experience. Users achieve con-
scious perspectives by actively determining personal collection
boundaries to ensure the UX collection’s completeness and co-
herence. For example, in our subway study, participants defined
their journey boundary from station entrance to exit, prioritizing
wayfinding challenges over routine interactions.

These guidelines provide methodological direction for imple-
menting proactive UX documentation through first-person expe-
riencing across diverse research contexts, extending to a general
collection of UX data beyond the journey mapping context. This
guideline transforms traditional passive data collection into con-
scious, Context-Data Coupling UX data capture.

7.3 Research Implications for Collecting UX
Data

Our findings drive proposed research implications by addressing
past methodological limitations and offering innovative UX data
collection approaches. These insights inform the development of
future UX data collection systems and frameworks, enhancing the
rigor, precision, and accessibility of UX research.

Addressing Past Limitations: Concurrent Expert Collabora-
tion for Enhanced Guidance. Our findings revealed that partici-
pants experienced reduced confidence in opportunity generation
without guidance from expert designers. Future systems could in-
corporate experts’ collaboration to simultaneously observe and
analyze data during IVE collection sessions. Experts could monitor
users’ first-person perspectives, providing immediate guidance and
conducting preliminary analysis [32] while users engage with Jour-
neyCapturer. This approach would enable concurrent assurance of
quality [33], professional data interpretation [8, 43], and structured
preprocessing [64, 73] during collection, enhancing methodological
rigor and users’ confidence through guidance from designers.

Enhancing IVE Capabilities: Flexible Gestural Annotation
for Spatial Precision. While our concurrent IVE method showed
participants successfully anchored UX dimensions to spatial ele-
ments, the first-person perspective sometimes limited precise ref-
erence specification. Future implementations should incorporate
gestural annotation capabilities [70], allowing users to draw, point,
or highlight [89] specific environmental details within VR spaces,
enabling more precise spatial-experiential coupling and addressing
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the attention fragmentation issues we observed with rich environ-
mental stimuli.

Expanding Future Accessibility: Scalable Methods for Au-
thentic Field Research. Our IVE approach demonstrated the abil-
ity to maintain experimental rigor while enabling authentic field-
based research, expanding possibilities for broader accessibility
to field-based applications. The modular design of our Context-
Data Coupling Loops framework transcends spatial contexts to
support general UX data documentation, from traditional usability
labs to field-based authentic user journeys. Future implementations
should expand to Augmented Reality annotation systems [20, 45]
overlaying data collection interfaces onto real-world contexts, en-
abling spatial-temporal coupling in authentic user journeys while
preserving our guidelines’ structured reflection capabilities.

Advancing Future Applications: Multi-modal Data Inte-
gration for deeper Analytics. The environmental grounding we
identified acts as a cognitive catalyst, enhancing memory vividness
and narrative coherence. Future concurrent IVE data collection
could integrate eye-tracking [69], biometric monitoring [37, 88],
and behavioral analytics [37, 91] with voice-based annotations, cre-
ating rich multi-dimensional datasets that capture both explicit
user feedback and implicit behavioral indicators for deeper envi-
ronmental trigger analysis.

7.4 Limitations

Several limitations constrain the generalizability of our findings.
First, the demographic profile was primarily drawn from Hong
Kong and mainland China, potentially limiting generalizability to
different cultural contexts where UX research practices vary. Sec-
ond, the relatively small sample size may limit the robustness of
our findings, restricting our ability to draw more generalizable con-
clusions. Third, our reliance on IVE introduces ecological validity
concerns, as standardized IVE scenarios represent generic interpre-
tations rather than participants’ personal memory landscapes. This
limitation manifested in challenges of cognitive scenario validation,
where participants noted discrepancies between virtual environ-
ments and authentic experiences, requiring additional cognitive
effort for alignment between scene and memory. Fourth, the study’s
scope was specifically constrained to environmental UX contexts.
While we demonstrated effectiveness in location-based scenarios
(hospital and subway), our findings may not generalize to other
UX domains, such as digital interface interactions or online service
experiences. Moreover, our study did not compare the conscious
spatial-experiential coupling approach against unconscious data
collection methods (e.g., think-aloud protocols), limiting our under-
standing of whether deliberate reflection produces fundamentally
different insights than spontaneous verbalization.

8 CONCLUSION

This paper introduced a consciously proactive concurrent IVE
method with first-person perspective through JourneyCapturer,
a tool designed to enhance UX data collection processes and out-
puts by integrating concurrent structured reflection and in-situ
annotation capabilities within IVE. We identified five design goals
that addressed participants’ expectations for incorporating con-
current IVE methods into UX data collection through a formative
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study with 34 participants (RQ1). These design goals informed Jour-
neyCapturer’s development with six experts’ co-design workshop.
Subsequently, our user study with 20 participants revealed valu-
able insights into the advantages and challenges of using three UX
collection methods: concurrent IVE annotation, retrospective in-
terview, and combined method. Participants found that concurrent
IVE method substantially improved UX data collection through
sequential cognitive engagement and environmental anchoring,
facilitating a more complete capture of experiential insights, in-
cluding accessibility considerations and environmental design op-
portunities (RQ2). Regarding the participants’ perception of the
concurrent IVE method with JourneyCapturer, they valued its mem-
ory support capabilities and immersive engagement features, such
as the development of narrative cohesion and the promotion of
achievement recognition (RQ3). However, participants also raised
concerns about disruption in expression fluency, and the require-
ments of cognitive scenario validation when virtual environments
diverged from personal memories. Despite these limitations, our re-
sults demonstrated concurrent IVE method’s potential to transform
UX research practices by enabling concurrent, context-aware data
collection that addresses memory distortion and post-experience
rationalization common in traditional retrospective method. Build-
ing on these insights, JourneyCapturer demonstrates system ca-
pabilities for consciously proactive concurrent UX data collection
within IVE through environmental anchoring and spatial-temporal
coupling. We propose future implications for expert collaboration,
multi-modal analytics, scalability for AR-based field studies, and
flexible gestural annotation.
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Table 5. The demographic information of the participants recruited for the formative study.

ID Age Gender Design exp.(years) UX collection exp. (years) Education background VR use frequency
D1 27 F 9 7 UX Design, Product Design Seldom

D2 29 M 10 8 UX Design Occasionally
D3 30 F 12 6 UX Design Occasionally
D4 31 F 13 7 Virtual Reality Always

D5 32 F 15 8 Product Design Occasionally
D6 33 F 10 5 Service Design Seldom

D7 28 F 8 6 UX Design Occasionally
D8 32 F 8 8 Product Design Occasionally
D9 28 F 7 5 Industrial Design Frequently
R1 26 F 9 6 Service Design Seldom

R2 38 M 18 9 Virtual Reality Always

R3 29 M 11 7 Augmented Reality Always

R4 27 F 9 7 UX Design Seldom

R5 27 F 9 6 UX Design Seldom

R6 25 F 8 6 Industrial Design Occasionally
R7 31 F 6 3 Virtual Reality Always

R8 29 F 7 7 UX Design Occasionally
E1l 24 F 6 0 Media Art Design Seldom

E2 25 M 6 0 Media Art Design Seldom

E3 22 F 4 0 Media Art Design Seldom

E4 24 M 6 0.5 Media Art Design Seldom

E5 24 M 6 0 Architecture Design Seldom

E6 23 F 5 3 Product Design Occasionally
E7 24 F 6 1 Media Art Design Occasionally
E8 25 F 7 3 Product Design Frequently
E9 24 F 6 1 Media Art Design Seldom

E10 22 M 4 1 Interaction Design Frequently
E11 24 M 4 2 Industrial Design Occasionally
E12 25 M 5 1.5 Industrial Design Occasionally
E13 28 M 9 0.5 Media Art Design Seldom

El4 22 F 4 2 Intelligent Product Design Occasionally
E15 22 F 4 1 Intelligent Product Design Seldom

El6 28 F 8 0 Industrial Design Occasionally
E17 24 F 6 0 Graphic Design Seldom

Note. 1. Always: Participant utilizes VR in every project. 2. Frequently: Participant utilizes VR in the majority of projects. 3. Occasionally: Participant utilizes VR in about half of

their projects. 4. Seldom: Participant utilizes VR only in several projects.
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Table 6. The demographic information of the participants
recruited for the user study.

ID Age Gender Education background VR use frequency
P1 30 F Optometry Seldom

P2 23 M Media Art Occasionally
P3 28 F Optometry Occasionally
P4 28 M Mechanical Engineering Seldom

P5 24 F Media Art Frequently
P6 22 F Business Intelligence Seldom

P7 25 F Computer Science Always

P8 24 F Finance Occasionally
P9 24 F Civil Engineering Seldom

P10 25 F Media Art Seldom

P11 23 F Computer Science Occasionally
P12 25 F Multimedia Entertainment Always

P13 18 F Civil Engineering Seldom

P14 25 F Civil Engineering Seldom

P15 23 M Sustainability Frequently
P16 26 M Multimedia Entertainment Occasionally
P17 24 F Statistics Seldom

P18 25 M Civil Engineering Seldom

P19 25 M Biotechnology Seldom

P20 28 M Physics Seldom

Note. 1. Always: Participant utilizes VR in every project. 2. Frequently: Participant
utilizes VR in the majority of projects. 3. Occasionally: Participant utilizes VR in about
half of their projects. 4. Seldom: Participant utilizes VR only in several projects.

C APPENDIX-C

Table 7. The Mean, SD and main effect of ANOVA test results
of time spent

M SD
Dimensions ean (SD) Fa40 ryf, P
1 2 3
Time Spent 28.12 35.61 54.53 83.995 0.816 <.001

(8.67) (13.03) (13.68)

Note. 1: Retrospective method. 2: Concurrent method. 3: Combined method.

Table 8. The interaction effects of Bonferroni corrected
Post-hoc test results of time spent

Dimensions

1vs2 1vs3 2vs3

Time Spent <.05 <.001 <.001

Note. 1: Retrospective method. 2: Concurrent method. 3: Combined method.

Table 9. The mean, SD, and one-sample Wilcoxon signed-
rank test results of errors

Dimensions Combined method (Mean + SD) Z p
Phases 0.25 (0.55) 1.890  .059
Scenarios 3.05 (2.09) 3.740 <.001
Actions 2.20 (1.82) 3.655 <.001
Touch Points 1.00 (0.79) 3.573 <.001
Emotions 1.70 (1.34) 3436 <.001
Pain Points 0.35 (0.59) 2333  <.05
Opportunities 0.30 (0.57) 2121 <.05
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Table 10. The mean, SD, and main effects of Friedman test
results of valuable insights

Dimensions Mean (SD) X2 P
1 2 3

Phases 5.95 6.55 6.85 10.720 <.01
(1.00)  (0.89)  (0.75)

Scenarios 17.30 25.60 26.35 37.130 <.001
(225)  (2.68)  (2.23)

Actions 15.65 18.55 19.65 29.304 <.001
(2.83)  (3.07)  (241)

Touch Points ~ 9.65 11.85 12.60 22.116 <.001
(2.68) (2.41) (2.19)

Emotions 4.75 6.25 6.40 18.091 <.001
(1.12)  (0.85)  (0.82)

Pain Points 5.20 6.05 6.70 16.889 <.001
(0.83) (1.19) (1.03)

Opportunities  5.40 5.35 6.05 6.559 <.05

(0.88)  (0.88)  (1.00)

Note. 1: Retrospective method. 2: Concurrent method. 3: Combined method.

Table 11. The interaction effects of Bonferroni corrected
Post-hoc test results of valuable insights

Dimensions 121(p)

1vs2 1vs3 2vs3
Phases 1.739 (.246) 2.530 (< .05) 0.791 (1.00)
Scenarios 4.032 (< .001) 5.455 (< .001) 1.423 (.155)
Actions 3.083 (< .01) 4.981 (< .001) 1.8897 (.058)
Touch Point 2.530 (< .05) 4.348 (< .001) 1.18 (.069)
Emotions 3.083 (< .01) 3.558 (< .001) 0.474 (1.00)
Pain Points 1.581 (.342) 3.637 (< .001) 2.055 (.119)
Opportunities  0.395 (1.00) 2.214 (.081) 1.818 (.207)

Note. 1: Retrospective method. 2: Concurrent method. 3: Combined method.

Table 12. The mean, SD, and main effects of Friedman test
results of self-assessment

Dimensions Mean (SD) X2 p
1 2 3

Completeness  6.95 840 8.50 21.460 <.001
(1.28) (1.14) (1.28)

Accuracy 7.90 835 855 0.750 .687
(1.33) (1.35) (1.19)

Clarity 750 7.95 835 4.3344 114
(1.36) (1.43) (1.04)

Consistency 7.05 870 8.65 15.031 <.001
(0.94) (1.08) (1.39)

Relevance 7.05 820 840 19.574 <.001
(0.89) (1.06) (1.10)

Insight 6.05 815 7.95 20.000 <.001

(1.76) (1.23) (1.05)

Note. 1: Retrospective method. 2: Concurrent method. 3: Combined method.
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Table 13. The interaction effects of Bonferroni corrected

Post-hoc test results of self-assessment

Mingming et al.

Table 16. The mean, SD, and main effects of Friedman test

results of Immersion

Z M D
Dimensions 1Z1(p) Dimensions ean (SD) x:(2) P
1vs2 1vs3 2vs3 1 2 3
Completeness  3.637 (< .01) 3.479 (< 01) 0.158 (1.00) Expression Naturalness 8.00 6.75 8.20 13.164 <.001
Accuracy 0.237 (1.00) 0.712 0.474 (1.00) (1.12) (1.25) (1.64)
Clarity 1.265 (.618) 1.818 ) 0.553 (1.00) Exploration Freedom 6.85 850 835 10.764 <.01
Consistency 3.241 (<.01) 2.688 (< 05) 0.553 (1.00) (1.98) (1.24) (1.35)
Relevance 3.083 (< .01) 3.558 (< .01) 0.474 (1.00) Engaged Level 6.65 835 8.20 13.583 <.001
Insight 3.953 (< .001) 3.162 (< .01) 0.791 (1.00) (1.98) (0.75) (1.58)
Note. 1: Retrospective method. 2: Concurrent method. 3: Combined method. Overall Immersion 7.20 860 8.30 10.866 <.01
(1.61) (0.99) (1.42)
Table 14. The mean, SD, and main effects of Friedman test Cognitive Fluency 6.10 7.85 7.65 13.441 <.001
results of NASA-TLX (1.83) (1.04) (0.99)
Interference Factors 750 7.30 7.5 0.471 .790
. Mean (SD) ; (1.82) (2.15) (1.82)
Dimensions x“(2) p Focus 7.20 7.30 830 2.818 244
1 2 3 (1.99) (1.72) (1.45)
Mental Demand 7.05 7.05 7.00 0.086 958 Note. 1: Retrospective method. 2: Concurrent method. 3: Combined method.
(242) (2.01) (2.:29) . . .
Physical Demand 825 6.85 680 10.400 <01 Table 17. The interaction efftects of Bonferroni corrected
(171) (2.62) (2.02) Post-hoc test results of Immersion
Temporal Demand 7.35 7.70  6.70 10.886 <.01
(1.98) (1.92) (2.34) Dimensi 1Z|(p)
Effort 640 665 6.75 0.241 886 1mensions o3 o3 2 ve 3
(2.14) (2.06) (2.43) s vs s
Performance 7.00 7.35 7.20 13.968 <.001 Expression Naturalness  2.609 (< .05) 0.474 (1.00) 3.083 (< .01)
(1.92) (1.39) (1.79) Exploration Freedom 2.767 (< .05) 2.451 (< .05) 0.316 (1.00)
Frustration Level 7.10 7.65 7.85 0.984 611 Engaged Level 2.609 (< .05) 3.320 (< .01) 0.712 (1.00)
(2.77) (1.60) (2.03) Overall Immersion 2.688 (< .05) 2.530 (< .05) 0.158 (1.00)
Note. 1: Retrospective method. 2: Concurrent method. 3: Combined method. Cognitive Fluency 3.241 (< .01) 2.451 (< .05) 0.791 (1.00)
Interference Factors 0.474 (1.00) 0.000 (1.00) 0.474 (1.00)
Table 15. The interaction effects of Bonferroni corrected Focus 0.237 (1.00) 1.423 (.464) 1.186 (.707)

Post-hoc test results of NASA-TLX

Dimensions 121 ()
1vs2 1vs3 2vs3

Mental Demand ~ 0.237 (1.00) 0.000 (1.00) 0.237 (1.00)
Physical Demand ~ 2.530 (<.05)  2.688 (<.05)  0.158 (1.00)
Temporal Demand ~ 1.423 (.464) 3.083 (<.01) 1.660 (.291)
Effort 0.079 (1.00) 0.395 (1.00) 0.316 (1.00)
Performance 2.925 (< .05) 2.767 (< .05) 0.158 (1.00)
Frustration Level 0.553 (1.00) 0.870 (1.00) 0.316 (1.00)

Note. 1: Retrospective method. 2: Concurrent method. 3: Combined method.

Note. 1: Retrospective method. 2: Concurrent method. 3: Combined method.
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Table 18. The mean, SD, and main effects of Friedman test Table 19. The interaction effects of Bonferroni corrected
results of MEQ Post-hoc test results of MEQ
Dimensions Mean (SD) x(2) p Dimensions 1Z1(p)
1 2 3 1vs2 1vs3 2vs3
Vividness 631 847  7.94 12.182 <.01 Vividness 2.925 (< .01) 3.004 (< .01) 0.079 (1.00)
(2.31) (1.16)  (1.86) Coherence 2.688 (< .05) 2.530 (< .05) 0.158 (1.00)
Coherence 644 830  7.99 9.455 <.01 Accessibility 3.795 (<.001)  2.846 (< .05) 0.343 (1.00)
(1.80) (1.17)  (1.36) Sensory Detail 3716 (<.001)  3.637(<.001)  0.079 (1.00)
Accessibility 6.15 8.46 7.85 16.421 <.001 Emotional Intensity ~ 2.214 (< .05) 2.767 (< .05) 0.553 (1.00)
(2.15) (1.00)  (1.67) Visual Perspective 3.162 (< .01) 2.530 (< .05) 0.632 (1.00)
Sensory Detail 594 8.16 8.25 18.487 <.001 Time Perspective 0.237 (1.00) 0.237 (1.00) 0.000 (1.00)
(2.34) (139)  (0.94) Sharing 0.385 (1.00) 0.580 (1.00) 0.752 (1.00)
Emotional Intensity  4.99 672 6.93 9.026 <.05 Distancing 2.767 (< .05) 2.451 (< .05) 0.316 (1.00)
(2.14) (2.05) (1.67) Valence 1.265 (.618) 1.107 (.805) 0.158 (1.00)
Visual Perspective 6.83  8.63 8.33 12.108 <.01 Note. 1: Retrospective method. 2: Concurrent method. 3: Combined method.
(2.67) (175  (1.84)
Time Perspective 497 4.62 4.72 0.085 959
(2.49) (2.28) (2.21)
Sharing 3.67 4.07 4.03 0.899 .638
(1.90) (2.27) (1.75)
Distancing 7.05 8.49 7.98 10.338 <.01
(2.14) (1.20)  (2.03)
Valence 6.43 6.38 6.68 2.054 358

(2.00) (2.23) (2.07)

Note. 1: Retrospective method. 2: Concurrent method. 3: Combined method.
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