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Figure 1: We study embodied journaling, which uses the human body — and its capabilities to move and speak — for reflection.
When people represent their emotions, what does it mean to cross their arms, slouch, speak, and pace around? Using VR as the
medium to explore this experience, we study how people express, process, and reflect on a lived experience using their bodies.

Abstract

In traditional journaling practices, authors express and process
their thoughts by writing them down. We propose a somaesthetic-
inspired alternative that uses the human body, rather than written
words, as the medium of expression. We coin this embodied journal-
ing, as people’s isolated body movements and spoken words become
the canvas of reflection. We implemented embodied journaling in
virtual reality and conducted a within-subject user study (N = 20)
to explore the emergent behaviours from the process, comparing
its expressive and reflective qualities to those of written journaling.
When writing-based norms and affordances were absent, we found
that participants defaulted towards unfiltered emotional expression,
often forgoing words altogether. Rather, subconscious body motion
and paralinguistic acoustic qualities unveiled deeper, sometimes
hidden feelings, prompting reflection that happens after emotional
expression rather than during it. We discuss both the capabilities
and pitfalls of embodied journaling, ultimately challenging the idea
that reflection culminates in linguistic reasoning.
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1 Introduction

“Movement, not language, is our primary way of under-
standing and being in the world.”

— Kristina Ho6k [50], summarizing Maxine Sheets-
Johnstone [100]

Ho66k’s writing about somaesthetics emphasises the primacy
of movement, which posits that movement precedes language in
communication [50]. Under this theory, postkinetic language helps
describe and fill in meaning derived from prelinguistic movement.
Movement emerges naturally and adapts to the surrounding world,
and Hook underscores how all living beings create meaning through
their movements in the world [50].

Yet, the primary way in which meaning-making processes have
been studied in HCI is through language-based communication.
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Through a rich lineage of work on written expression, researchers
have shown how putting feelings and experiences into words sup-
ports meaning-making and re ectiong4, 39, 52, 8§. However,
writing inherently has a level of Itering and processing that is dif-
ferent from other forms of raw self-expression, including speaking
[93] and, hypothetically, the aforementioned motion.

In this work, we draw inspiration from somaesthetics (e.§0[
103) and related frameworks such as the Self-Care Technology
Process Model (SCTpm) 24, which emphasise the importance of
movement for introspection and re ection. Departing from purely
written forms of expression, we study how the human body and its
capacity for motion and speech can be used to express and re ect
on experiences and emotions. Prior work has considered motion
in the form of embodied re ectiorllp 20 95 in philosophical and
educational domains. We formalise these theoretical works into a
structured process that supports entries of isolated embodiment
that can be constructed and reviewed. We coin this process of
using physical motion paired with one's voice to create reviewable
journal entries as embodied journaling (Figure 1). Embodied jour-
naling harks back to emotion regulatiorp, 78 and metacognition
therapy [21]. We hope that embodied journaling, similarly to ex-
pressive writing B9 8§, can support managing negative emotions,
aligning with other immersive interactive technologies aiming to
elicit positive change [61].

To explore embodied journaling, we employ virtual reality (VR),
a technology that enables controlled investigation of body aware-
ness and behaviour2fd. VR supports embodiment, allowing users
to inhabit a second body34 and providing a strong sense of self-
location, agency, and body ownership9. Taking advantage of

embodied conditions. Participants journaled and re ected upon an
emotionally-loaded negative experience, such as a con ict with a
partner, as these are situations traditionally served by written jour-
naling [25. In the second session, they revisited their previously
created artifacts (through re-reading and watching a recording).
We nd that, in written journaling, participants captured precise
descriptions of the entire experience. Participants lingered, re-read,
and picked out speci c words to process the negative event. In
embodied journaling, participants created abstract emotional rep-
resentations of the experience. They developed a vocabulary of
motion, which was later interpreted back to their feelings during
the negative event. While written journaling interleaves expression,
processing, and self-presentation, embodied journaling focuses on
raw expression rst and meaning-unravelling afterwards, shifting
towards re ection-on-action from re ection-in-action. We discuss
how decentering re ective technologies from written expression
can create new forms, temporalities, and outcomes of re ection.
Altogether, this paper contributes: (i) a concept and functional
prototype of embodied journaling in VR, (ii) a comparative evalua-
tion against written journaling to show how embodied journaling
supports emotional processing, re ection, and introspection, (iii)
an understanding of how linguistic vs. non-linguistic modalities
a ect emotional expression and re ection, and (iv) suggestions on
how embodied journaling can extend existing re ective practices.

2 Related Works

2.1 The Importance of Re ective Technology
Re ection thinking about action and understanding one's role

such a ordances, VR has been used in prior research to convert ab- within existence shifts introspective exploration into outward

stract aesthetics into re ection and emotion regulation through, for
instance, performing mundane task§g 89, interacting with sym-
bolic representations of negative emotion4 [L21, 131, creating
creative expressions [5, 123], or curating memories [134].
However, these prior VR works speci cally design for re ection
they incorporate re ective guidance, artifacts, and sca olding
on top of an existing baseline. In contrast, embodied journaling
emphasises the a ordances of the isolated human body. Instead of
designing in VR, we use VR to strip away environmental surround-
ings and isolate embodiment with just one's body to express
and re ect, what behaviours and interpretations emerge naturally?
Through user studies, we explore the potential and drawbacks of
embodied journaling in VR. We investigate how embodied journal-
ing a ects participants physically and emotionally, how it mediates
the vividness of a lived experience, how it encourages (or discour-
ages) re ective processes, and how it di ers from written journaling.
Our research was guided by two research questions:

RQ1: What behaviours emerge in embodied journaling in
VR, and how do people re ect upon and interpret such be-
haviours?

RQ2: How does embodied journaling in VR di er from writ-
ten journaling in terms of a ect, recollection, and re ection?

To exploratively evaluate the e ects of embodied journaling, we
conducted a within-subject comparative user study wi¢th= 20
participants consisting of two sessions. In the rst session, partic-
ipants engaged in the journaling process under both written and

transformation ], allowing people to make sense of and adapt
to the world and their experiences. Re ection is associated with
many positive outcomes[1Q: facilitating problem-solving and
creative processe$f, fostering self-insight 8], supporting life
changes 10§, and improving health, well-being, and personal
growth [19, 73, 81, 106].

Most widespread is the foundational work on re ective prac-

tice by Schon 82 96, distinguishing between re ection-in-action

the spontaneous ability to think on our feet during interac-
tion and re ection-on-action, which occurs retrospectively 96.
Bolton and Delder eld [L4 note that re ection-on-action enhances
re ection-in-action. To understand what re ection entails, Baumer
highlights three dimensions: breakdown (challenging existing con-
cepts), inquiry (re-examining prior learnings), and transformation
(reordering conceptual schema to enable chang®) fFleck and
Fitzgerald o er a framework comprising levels of re ection to cate-
gorise the depths and potential outcomes of re ection, from merely
describing events (Level 0), to reinforcing views (Level 1), shifting
perspectives (Level 2), transforming thinking and behaviour (Level
3), and considering societal implications (Level 4) [31].

Re ection can be a challenging activity and often does not occur
automatically, instead needing to be encouraged externdlf.
Furthermore, engaging in re ective practice also bears the risk of
getting stuck in worries and negative thought cycles, termed rumi-
nation [27,47,63 74. As such, re ection as a nuanced design metric
has been an enduring topic within HCB. Re ection can be sup-
ported through providing conversations or prompts (e.d28),
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reframing (e.g. $6 72 121, 134), ambiguity in design (e.g.12Q),
and leveraging temporality46 85. Bentvelzen et al. discuss four as-
pects of temporality past (revisiting prior experiences), memories
(subjective reconstruction of experiences), future (taking artifacts
into the future), and slowness (slowing down using technology)
[9]. The concept of embodied re ection also introduces modality
as a dimension of re ection. Dance practitioners, for example, can
tune into their body and immerse themselves in their performance,
transforming movements into attunement and learning [20, 95].
Building on prior work on temporality and modality as a de-
sign dimension for re ection, our work explores how embodied
journaling in VR captures the four aspects of temporali§)] [past,
memories, future, slowness), facilitates both re ection-in-action
and re ection-on-action Pg, materialised embodied forms of in-
trospection [20], and supports di erent levels of re ection [31].

2.2 Journaling as a Re ective Practice

Journaling has long been recognised to support re ecti@9,[35
52 115. Journaling entails a conversation with onese#4, and
this inner dialogue connects thoughts, feelings, and transformative
actions b2, helping people process (negative) life eventd .
Journals reveal change over time, allowing people to conceptualise
and understand the broader worl®]. Correia and Bleicher1?
outlined how even journaling about small moments can potentially
draw out important insights. Journaling o ers opportunities to
reinterpret past experiences into future learnin@§, inspiring
a comparatively large body of HCI research in the domalQ[
58 126. Much past research in HCI has looked to encourage this
practice through incorporating journaling-like practices through
digital mediums like phone apps, taking advantage of digital media
a ordances such as uploading photos, tagging, and Ilterir@g 58
139. Increasingly, the design of journals has started to incorporate
Al support, to help with processing and wellbeing [57, 60, 126].
Often, the practice of journaling uses writing as the medium
of expression 24, allowing people to convey their experiences,
ground them in space and time, and form a tangible compendium of
events [L2 24. Pennebaker's work on expressive writing highlights
the strength of putting negative experiences into words, which was
shown to improve well-being 39 88 104. Yet, writing is not the
only modality of journaling. Sawhney et al9f explored audio in-
put for language-based journaling, nding that audio provides more
spontaneous expression that comes from understanding un ltered
intentions and subtle changes in ton83. Arts-based and visual-
based journaling employ abstract images to construct meaning and
engagement§6 90. Abstract representations of experiences (e.g.
in VR) can help in journaling beyond words, such as through en-
vironmental interaction and constructionl21, 123, emotion and
mood representationsl22 136, and physical facial expressions
[54. These works indicate that emotions and narrative emerge
di erently based on varying modalities of journal-like expression.
Inspired by these ndings and by somaesthetic desidf][ we
explore the medium of body (consisting of motion and speech) as a
modality for journaling. Somaesthetics focuses on the body's role in
sensory cognition, perception, and self-expressid82 103, high-
lighting the potential in people's felt stance$(]; somaesthetics has
drawn interest in HCI as a way of designing with and for the body
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[51, 69. We also drew inspiration from prior work indicating that
motion can potentially represent experiences and support re ective
processes45 77,128. For instance, the Self-Care Technology Pro-
cess Model (SCTpm) emphasises the importance of motion when
designing VR experiences for re ectiorip4, which extends prior
understandings of embodied re ectior2, 95. Combining both,

we formalise what it means to journal using the human body.

2.3 The Potential of VR for Re ection

Although embodied journaling was a somaesthetic conceptualiza-
tion, the medium of virtual reality (VR) o ers several a ordances
that make it appealing in supporting the process. VR can immerse
users in realistic interactive worlds with new perspectivezj 113,
providing a strong sense of presenc®4. VR foregrounds the
senses of self-location, agency, and body ownership, heightening
the sense of embodimendB 59 as users inhabit a virtual body (an
avatar) as a second seB4. With these a ordances, users respond
to stimuli naturally in VR, even while understanding that it is an
illusion [103. Taking advantage of this potential, prior works have
explored eliciting and mediating emotional states through invoked
virtual scenarios [6, 37, 67, 111, 138].

However, Jiang and Ahmadpour argue that VR's immersion can
sometimes detract from opportunities for self-awareness and crit-
ical re ection [59. They outlined how re ective VR systems can
be grounded in speci ¢ design strategies, including viewpoint ma-
nipulation and immersive estrangement$ 5¢. Many re ective
VR systems have adapted variants of such strategies. For exam-
ple, meditation and mindfulness-related tools take advantage of
VR's sensory escapism and immersi@0[65 87, 127 133; other
systems may elicit re ection through encouraging prompt$43,
conversations with friends and familylJ09 119, memory curation
[5,134, metaphoric reframing 41, 89 121, alternative perspective-
taking [4, 56], or ambiguous and qualitative visualisations [120].

Our work deconstructs typical guided re ection in VR, providing
only minimal guidance and feedback. Instead, we focus speci cally
on what Jiang and Ahmadpour deem immersive estrangement
users are siloed and defamiliarised from the real world, and embody
a nondescript avatar in a solitary worlds. Although people can
observe themselves, as in prior works18 137, their task mostly
remains abstract and subjective (similar to Roo et al's Inner Garden
[99)). Rather than actively designing for re ection, we are interested
in how re ective processes emerge from people's embodiment. We
explore how an isolated embodiment of the expressive human body
[45 50 5]] to represent a lived experience might mediate people's
re ections and meaning-making experiences.

3 Designing Embodied Journaling

The idea of journaling using the body, i.e., using embodied physical
motion to represent, process, and review experiences, is the novel
process explored in this paper. We highlight that our focus is not
on prescribing a speci ¢ work ow, but on understanding what
practices and expectations emerge when people “write' with their
body itself, similar to lling a page with words. In this section, we
explain this idea through metaphors with more familiar written
journaling and outline the development of our system that collects
and replays embodied journal entries.
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Figure 2: This hypothetical storyboard was inspired by a typical journey of re ection during embodied journaling as most
commonly expressed by participants. It depicts typical body poses chosen in di erent stages of re ection during the process
of embodied journaling. Each body pose depicted here was chosen by a participant of our study. The gure shows both the
rst-person view in VR (having a mirror) and the body poses as seen from outside. In (a), the user adopts an arms-crossed pose
while talking about a di cult experience. In (b), the user sits and looks up, pondering the negative experience while looking
around the virtual environment. In (c), the user looks down at their feet, and the participant reported feeling down at that

moment. In (d), the user walks around, turns around, and looks up,

3.1 Leveraging VR for Embodied Journaling

We implement embodied journaling using VR, due to VR's essential
a ordances in:

Embodiment: VR exercises a high degree of embodiment
[59 for users to inhabit and explore using a virtual body.
In our system, users control a full-body avatar, and self-
awareness is made obvious through the use of a virtual mir-
ror. We used a nondescript, basic model without facial ex-
pression (SMPLTQ) rather than a realistic mirroring of the
user because we wanted to consistently emphasise embodied
action as expression rather than identity, appearance, or com-
munication cues that could a ect emotion and perception
[137. Although a similar setup could be employed in non-
VR, the abstraction of a person's individual appearance into
a nondescript model allows us to remove appearance-based
e ects and biases33 83 84, which would be inevitable if a
person were to view themselves in the real world.
Environmental Isolation: VR silos the users from the real
world, immersing them in a virtual environment. In the VR
setup, users are transported into and navigate a minimalistic,
solitary space (further explained in Section 3.2.1) free from
distractions and external factors. We believed this would
centre their focus on their experience and feelings they were
journaling. On the other hand, a non-VR set-up could be
liable to real-world environmental distractions, which could
compromise memory [117].

In addition to making the embodied journals in VR, we also
considered how people might review them. Similarly to how users

gaining some clarity after thinking.

might re-read their written journals as additional processing and
re ection, users can also watch how they moved and what they said
from a third-person perspective in VR, i.e., watching their avatar
from embodied journaling. For the review phase, we leveraged the
following a ordance of VR:
Depth and Movement Trajectories: VR allows for depth
understanding, emphasizing the motion of the avatar as a 3D
being within 3D space. In contrast, at 2D video of a person's
movements lacks depth information, creating challenges in
understanding the intricacies of motion [38, 80].

We aimed to keep our system simple, lightweight, and accessible
with o -the-shelf hardware, requiring a VR headset and a camera
(or webcam or phone), without the need for expensive trackers or
added sensors.

3.2 Implementation of Embodied Journaling

We developed our embodied journaling system using Unity version
2022.3.30f1, interfacing with a Meta Quest 3 using the Meta XR
SDK and running the project via Meta Quest Link. The system was
developed on a Windows computer with an NVIDIA GeForce RTX
3080 graphics card, and the experiments were run on a Windows
laptop with an NVIDIA GeForce RTX 3060 Laptop graphics card.
When the project starts up, the user is transported into an initial
scene, which di ers based on whether the user is creating a journal
or reviewing one:

Creation Scene: The creation scene is focused on experi-

encing and exploring embodied journaling, but also helps in

Lhttps://developers.meta.com/horizon/develop/unity
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Figure 3: The full pose estimation pipeline for our embodied journaling system. In Session 1, we use existing tracking tools
such as SDK tracking, along with synchronous algorithms such as VRIK and a Mediapipe fallback when the hands are out of
view, to render the avatar pose in real-time. During session 1, we also collect movement data, processed o line using WHAM to
generate more accurate animations. In Session 2, we use these reconstructed avatars to accurately replicate the initial journal.

collecting reconstruction data as well. The user sees a large the empty page with experience and meaning; in VR, we envisioned

virtual mirror occupying the virtual space, with an embodied
avatar mirroring their motion. As users make their journal,
we collect and record data the person's audio, their granu-
lar nger motion, and a video of their body. Audio and nger
motion are directly retrieved from the Unity scene itself (via
the microphone and hand tracking), and a video of the per-
son's body is retrieved through a webcam; in particular, we

that people's actions might Il the physical canvas similarly.

During the embodied journaling session (i.e., journal creation),
we also decided to incorporate a mirror. The mirror extends beyond
room-size and stays in place, statically anchored in the environment

users can choose to observe themselves, their gestures, their
movement, and embodied actions as they move around and speak, or
they can look away. Metaphorically, the mirror serves as a re ection

used a Samsung Galaxy S25 connected to the computer asof one's actions, just as words on a page or in a text document

an external webcam using Iriun Webc&nFigure 2 shows a
stylised drawing of journal creation.

Review Scene: The review scene is focused on replaying
the recorded journal. Here, the user sees a virtual avatar that
mimics their motion and speech from their initial record-
ing, with an option to play and pause. In the study, while
participants watched this recorded avatar, they started two
metres away (in-world) and level in height while standing.
However, users could also move closer and further to the
avatar by moving around; furthermore, we highlight that all
study participants chose to sit out of comfort during review,
thus often viewing the avatar from slightly below.

might re ect one's words. The choice of having a mirror comes
with practical advantages too, as it could provide visual feedback
to participants while o ering a way to focus on self-movement

[2, 36 64, 75. During our testing, we found that the mirror helped

us preview and focus on our motion; without it, there was a distinct
lack of visual feedback. Still, mirrors also pose potential drawbacks
in our journaling context that can be explored in future designs, as
the increased focus on movement can also accompany increased
awareness and self-consciousness [36].

3.2.2 Pose Estimation. Given the focus on embodiment in embod-
ied journaling, the virtual model needed to accurately mirror the
user's motion. Users were represented using the blank SMPL model

3.2.1 Designing the Virtual Space and the Mirror. Constructing the (which could be female or male, depending on user-selected pref-

virtual space for embodied journaling was vital. We wanted the
space to be minimalistic to o set distractionsl 7. After brain-
storming within the research team, we settled on a minimalist world

erence) Y(. The SMPL model, as an FBX le, was linked to the
motion of the avatar in Unity using Finall& an inverse kinematic
solution for Unity. In particular, we used the VRIK solver to con g-

with a sky background and a plane for the avatar to stand on (see ure avatar body tracking given the user's head and hand positions
Figures 1 and 3). This solitary space would serve as the metaphori- and rotations during journal creation. This means that the solver

cal canvas for written journaling, which also typically takes place
on a blank page. In written journaling, it is people's words that I

2https:/firiun.com/

used the head and hand data (which were always spatially accurate

Shttps://assetstore.unity.com/packages/tools/animation/ nal-ik-14290
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and could be obtained from the Meta XR St)kio estimate other
limbs (such as torso, legs and feet).

Relying solely on this VRIK solver does not capture minute nger
motion, even though we already had a real-time, synchronous hand
tracker Meta XR's innate hand tracking. To achieve granular

nger motion with full-body tracking, we removed the original
model's hands and stitched on Meta XR's hands. However, this
only functions optimally when the hands are in the eld-of-view
(FoV) of the Quest. When the hands were outside the FoV, we instead
fell back to pose estimation via Mediapipe pose estimatifusing

the concurrent video recording) to understand where to place the
hands, although the nger motion was lost during these moments.

Synchronous mapping of the user to the avatar was not perfect
during journal creation. Inverse kinematics for pose is imperfect,
the hands are not always fully attached to the model, and the hand
fallback loses granular information when outside of the Quest's FoV.
Our system provides fallback mechanisms for graceful degradation
as data sources become unavailable. We heuristically ne-tuned the
thresholds for each fallback until our system subjectively performed
well synchronously.

For the asynchronous replay of the embodied journal taking
place afterwards, we took advantage of the o ine time to run a
high-quality pose reconstruction algorithm. We used the WHAM
algorithm [107 to reconstruct a user's three-dimensional motion
and pose through their recorded full-body vid&ovhich we then
converted to an FBX le. This process generally took several hours
on our RTX 3080 machine, depending on the length of the video.
As WHAM is not granular to the nger level, we again replaced
the model's hands with Meta XR's hands, having nger motion
captured during the initial recording. Overall, we found this process
produced an accurate representation of their embodied journal,
which incorporated not just pose, but detailed nger motion as
well. The body pose estimation pipeline is illustrated in Figure 3.

4 User Evaluation

We conducted a comparative exploratory user study (approved by
our institute's ethical review board) to evaluate embodied journal-
ing. Through within-subject comparison with traditional written
journaling, we uncovered how re ective practice emerges in similar
and di erent ways through embodied VR. Despite the limitations
of within-subject comparison, such as complicating ordering and
incurring carryover e ects 49, this methodological design allowed
us to elicit exploration and provide a baseline for participants to
judge against. Unlike a between-subject study, where one condition
would be invisible and qualitative ndings would be siloed to a
single condition, participants were instead able to compare and
contrast how they felt across conditions.

We primarily focused on the journaling of resolved, negative
experiences. Journaling on negative events aligns strongly with
prior applications of the practice in literature and focuses on its
ability to induce positive e ects. We opted for resolved experiences

experiences in which participants had already worked through

“https://developers.meta.com/horizon/develop/unity
Shttps://ai.google.dev/iedge/mediapipe/solutions/vision/pose_landmarker, via https:
/lgithub.com/ganeshsar/UnityPythonMediaPipeAvatar
Shttps://github.com/yohanshin/WHAM

and re ected upon because we wanted to be cognizant of people's
well-being and minimise potential emotional harm.

The study comprised two sessions. The rst session focused on
creating the re ective artifacts regarding the negative experience,
and the second session focused on reviewing them (see Figure 4; full
study protocol is in the supplementary material). The sessions were
scheduled 6 9 days apart, which we judged to be su cient to allow
temporal distance between creation and review. Each session took
approximately 1 hour, and all studies took place at the primary re-
searcher's institute. Before each session, the researcher introduced
the research, described data collection and usage, and asked partic-
ipants to Il out a consent form. Participants were compensated at
arate of $16 CAD per hour.

4.1 Data Collection

We collected quantitative data regarding a ective, recollective, and
re ective dimensions through standardised questionnaires, and
qualitative data through interviews at the end of each session.

4.1.1 Measures. Inthe rst session, we used the Positive and Neg-
ative A ect Schedule (PANAS)J9 to assess participants' a ective
qualities. We used this to evaluate how their emotions changed
before and after creation in embodied and written journaling. In the
second session, we used the shortened Memory Experiences Ques-
tionnaire (MEQ-SFY] to assess the ability of each condition's
journal entry to support recollection of the participants' negative
experience. This scale measured memory-based qualities such as
vividness and temporal perspective.

In both sessions, we used the Re ection, Rumination, and Thought
in Technology Scale (R2T&) fto understand how embodied and
written journaling supported re ective qualities in both creation
and review across embodied and written journaling. In this rst
session, the scale term this technology referred to the process of
creating the entry; in the second session, the term referred to the
process of reviewing the entry.

4.1.2 Interview Protocol. At the end of the rst session, we con-
ducted a semi-structured interview, asking participants about how
they felt in each condition and what they expressed through each
modality (including if and why they spoke). Interviews took be-
tween 4 19 minutes, with an average of 12 minutes. At the end
of the second session, we again conducted a semi-structured exit
interview with participants, asking about how they felt reviewing
each condition, how they interpreted their artifacts, and to what
degree they felt connected to their previous self. The full interview
guideline for both sessions can be found in the supplementary ma-
terial. These second interviews took between 13 33 minutes, with
an average of 20 minutes.

4.2 Participant Sample

Participants were recruited through a mix of convenience sampling
and a paid study listing made on our institute's study board. In total,

# = 20 participants (10 females, 10 males, with an average age of
24.5<8=": 18,<0G : 35; see Table 1) took part in the study. We
queried participant experience with VR experience and journaling
frequency, and administered the Self-Re ection and Insight Scale
(SRIS)4Q to get insights about the re ective capacities of our
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Table 1: Study Participant Demographics. VR Experience and Journaling were scored on 4-point Likert scales ([No Experience /
Beginner / Intermediate / Advanced] for VR; [No Experience / Beginner / Intermediate / Frequently] for Journaling)

Participant ID | Age | Gender | VR Experience Journaling Experience
1 28 Man Advanced Beginner
2 23 Man Intermediate Frequently
3 24 Man Beginner Beginner
4 22 | Woman | No Experience Beginner
5 31 | Woman Beginner Frequently
6 27 Man Advanced Intermediate
7 28 | Woman | No Experience Intermediate
8 23 Man Advanced Beginner
9 27 | Woman Beginner Beginner
10 25 Man Advanced No Experience
11 21 Man Beginner Beginner
12 20 | Woman | No Experience Frequently
13 18 | Woman Beginner Beginner
14 19 Man Beginner Intermediate
15 35 Man Beginner Beginner
16 28 Man Intermediate Beginner
17 24 | Woman Beginner Intermediate
18 19 | Woman Beginner Beginner
19 28 | Woman Advanced No Experience
20 19 | Woman | No Experience Beginner

participant sample. We found that our sample scored an average of

The task instructions for each condition involved asking the par-

90.1 on the SRIS (out of 120), ranging from 75 to 105 with a standard ticipant to journal while the researchers generally remained silent.
deviation of 8.14, which we interpreted to mean a high degree of Given the novelty of the embodied experience, we expected that
self-re ection in our sample. Before the study, participants were participants might not always know how to start (which proved true

asked to think of a resolved negative experience to journal about,
as well as to con rm again that they felt mentally ready to recount

this negative experience.

4.3 Study Procedure

from written practice. Participants provided informed consent and

lled out the demographic data survey and the SRIS.

In our within-subject study, participants experienced two condi-
tions with a similar setup. First, participants recounted a negative,
emotional experience to the researcher through a prompt adapted
from the Autobiographical Emotional Memory Tasks (AEMT) to bring
them back to the experiencel], after which they lled out the
PANAS. Participants were then asked to journal on that negative
experience either through written journaling or embodied jour-
naling in VR the same experience was used in both conditions.
The order in which they performed each type of journaling was

several participants initially expressed some initial uncertainty).
Thus, during the task instruction, we o ered examples of actions

that could be done during embodied journaling, e.g., gesturing,
walking, being still, being silent, or speaking.

In both conditions, participants were told to take whatever time
4.3.1 Sessionl Creating the Journal. The rst session focused they needed to complete the task; however, we would verbally give
on creating the journal entry, looking speci cally at how embodied & gentle nudge around 10 minutes to keep the study on time. After
expression emerges from user interpretation, and how it feels di erenfach condition, participants lled out another PANAS scale and

the R2T2 scale, and between the conditions, we asked participants

to take a 2-minute break to mentally reset. We conducted a semi-

structured exit interview after both conditions had been completed.

4.3.2 Session2 Reviewing the Journal. Before the second session,
we processed the video to generate the participant's VR replay
and transferred their written journal into an electronic document.
Then, the second session focused on looking back on these two
re ective artifacts, looking at how they di ered in terms of a ective,
recollective, and re ective qualities. For each condition, participants
revisited and re ected on their previous entry. The order in which

counterbalanced across participants. For each condition:

Written Journaling: Participants journaled using written
text, typing into a textbox (built on Qualtrics) on a computer
screen using a mouse and keyboard. After writing, they
were asked to click a submit button, and the written text was
directly recorded.

Embodied Journaling: Participants journaled in VR using
our system, exploring the space using an embodied avatar.

they reviewed was counterbalanced across participants. For the:

Written Condition: We asked participants to read and pro-
cess their written journal.

VR Condition: We asked participants to watch through
their embodied avatar in virtual space while wearing the VR
headset, considering their motion and auditory capture.

In both conditions, participants were given the aligned instruc-
tions of exploring their thought process, the content of the entry,
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Figure 4: A visualization of the study procedure across the two sessions.

and how they felt. Participants were told they could take as much

hierarchical categories, we were able to develop patterns of ndings,

time as they needed, and the researchers were silent during this which became our themes.

task. After each condition, participants were asked to Il out the

Quantitatively, the data was analysed through statistical tests.

shortened Memory Experiences Questionnaire (MEQ-SF) and thBased on visual inspection of our data and the Shapiro Wilk statis-
R2T2 scale; between the conditions, we asked participants to take atic between matched groups, we could not assume normally dis-

2-minute break to mentally reset. After both conditions, we con-
ducted a semi-structured exit interview.

4.4 Study Set-Up

During the study, participants could freely manoeuvre in a 2.5x2.5
metre area. We turned o the Guardian system to maintain im-
mersion and planned to have the researcher call out if participants
wandered too close to the physical boundary. Although the space
was cleared out, a small number of participants mentioned that
they wanted to use a chair at the boundary of the space during
journaling. This chair was not rendered in VR participants relied
on both memory and the headset's nose gap for spatial recall.

4.5 Data Analysis

We follow a mixed-methods approach, with qualitative results at the
forefront. All audio recordings of the anonymised interviews were
transcribed verbatim and imported into AirtableWe began with
informal familiarization of the data itself, discussing initial trends
and interesting ndings that we observed. We then moved to a more
structured thematic analysisllg. To align the collaborative process,
two authors both independently coded both sessions' interviews
for the same three participants through initial open coding [17].
Through iterative discussion of these initial interviews, a prelim-
inary codebook and coding tree were established. The remaining
transcripts were coded individually by one author based on this
initial codebook, although the codes were still subject to evolution
and shifting as both coding and discussion continued. To synthe-
sise ndings, we followed Blandford et al's pragmatic approach
to thematic analysis11. In particular, two authors performed a
collaborative a nity mapping exercise on Mir to identify themes
through thematic analysis. We decided to intersect the data from
both sessions, as ndings from each session were inevitably tangled
with the context of the other. By grouping the codes into broader

"https://airtable.com/
Shttps://miro.com/

tributed data. Thus, we chose to use non-parametric statistical
tests. Wilcoxon tests were used to compare across paired groups of
measures, shown in Table 2. One-way ANOVAs of Aligned Rank
Transformation (ART) 13Q were used to compare across both mea-
sures and sessions for the R2T2 data. Our full data is presented in
the supplementary material.

5 Qualitative Findings
5.1 Expression in Journaling

As a gateway into the rest of the ndings, it is important to under-
stand what the shape of embodied journaling looked like, especially
for such a novel practice. To start to address RQ1, our qualita-
tive analysis rst looked at people's embodied actions and their
interpretation of these actions.

5.1.1 E ects of Language-Based Expression. This section examines
participants' experiences with writing down their thoughts versus
speaking them out loud in the embodied journaling condition, as
both are language-based forms of communicative expression. We
wanted to understand the linguistic and emotional di erences ob-
served between these two modalities. We will preface by stating
that not every person chose to speak in the study; in fact, the ma-
jority of the 20 participants refrained from talking4 = 13). This
was somewhat surprising to us, as we initially thought that people
might want to translate their written thoughts directly to speech
P17, who did speak, mentioned that | decided to talk, which is the
next closest thing to journaling and writing down my thoughts .
Thus, we asked participants who did not speak, why? For sev-
eral participants, speaking often came into tension with thinking,
and they were primarily focused on the latter during the study.
For instance, P19 mentioned that being quiet makes me more con-
scious, and | can better focus on myself and my feelings compared to
[talking] and P6 (who was silent for most of the time) mentioned
that the throughput of thinking is much higher than talking . How-
ever, beyond this more grounded reason to refrain from speaking,
participants also mentioned feelings of general awkwardness:
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It was just awkward for me to speak... | feel comfortable
writing to myself, but I've never spoken out loud to
myself. - P9

| don't really talk about my things out loud to myself
or others. | would usually just think about more words
in my head. - P13

This also stemmed from uneasy feelings of non-privacy that
speaking elicited, which made some participants feel vulnerable.

Participants who did speak were asked to compare the con-
tents of their speech and their writing during the interview, both
being language-based forms of communication. The primary dif-
ference that participants brought up was that speaking was more
raw, whereas writing was more Itered; participants pondered and
polished the words that they wrote:

| felt like the VR journaling was a bit more stream-of-
consciousness. It was a little more unre ned.... [In the
writing] | sat there and thought about the words before
typing them. - P7
Despite subtle di erences in how the experience was expressed
in language, participants' perceptions of their speech di ered from
their writing primarily in paralinguistic cues rather than content.

You can hear changes in in ection, changes in the speed
in which you're talking. You can hear when you make
mistakes and correct yourself. - P3

The tone of my voice tells a lot when I'm listening back
on it. | feel | was more monotone, and it was more of a
defeated tone. - P4

However, even for participants who did not speak, there were
still sometimes emotional auditory paralinguistic cues that writing
would not capture for example, P8 brought up how they took a
deep breath when standing up, P16 brought up how they can hear
many sighs .

5.1.2 E ects of Motion-Based Expression. We rendered and re5.2

played each participant's body motion including moments of
stillness with examples of various captured gestures displayed
in Figure 5. Almost all participants remarked on how determining
how to move was initially more challenging than what to write,
especially as the latter has stronger established norms. However,
participants developed their own rhythms over time, and we ob-
served a wide range of movement behaviours. In terms of macro-
scopic patterns the large, goal-based actions that participants
were generally aware of spanned:

Contemplative Motion. Their thoughts about the experi-
ence naturally guided their motion. Participants described
being still when | was still, | was just thinking about my
memory (P18), pacing around | pace to get my memory
as well as those words out more (P11), and sitting down
to calm myself down and collect my thoughts (P12).
Re-enactment. They used motion to revisit the experience
through acting out the events. For instance, they were de-
scribing [through movement] how we get up on the mountain
(P1) and trying to explain the summary with my gestures
(P9). Sometimes re-enactment was used to augment what
really happened to express what-ifs? P14, who re-enacted
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meeting the people largely responsible for their negative ex-
perience, used punching gestures to express having punched
them hypothetically (P14).

Interpreted Expression. Participants used motion to con-
sciously and purposefully express their feelings, for instance,
through dance or gestures. One participant interpreted their
feelings through a contemporary form of dance, where we
show expressions through body expansion and contraction
(P5), and P3 mentioned using hands to draw a graph of
changes in emotional balance and arousal over time (P3).

Within these macroscopic patterns, smaller microscopic motions
occurred, such as changes in posture, head motion, or gestures.
Sometimes patrticipants were not even initially aware of these move-
ments, and only realised them when reviewing their motions in the
second session. Participants later interpreted these subtle cues:

| didn't really notice... | looked down a lot... | think
when I'm looking down, I'm trying to think more about
the situation. (P13)

It's very much just hunched, and | can see that my
hands are here. They're closed o . They're protecting
my insides. (P11)

From the researcher's perspective, people's subtle movements
were reminiscent of a form of embodied musicality, in which partic-
ipants composed an interpretation of their experience and emotions
through motion and stillness. To elaborate, the accelerated speed
of agitated motion or the extended periods of lethargic thinking
became the tempo of the experience. The steady rhythmic pacing of
thought and motion, the discordance that came from rapid motion
changes, and the dynamics of both expansive posture contrasted
and slumped pose, all came together to extend this metaphor. No-
tably, also similar to music, these abstract expressive interpretations
could potentially remain unclear and not easy to interpret by others,
or sometimes even to themselves when reviewing them later.

Interpretation of Journaled Expression

The previous section illustrated how participants expressed them-
selves in embodied journaling. Here, we outline how participants
re ect on and interpret their behaviours (RQ1) based on the a or-
dances of each modality.

5.2.1 The Filter of Language. As alluded to in the prior section,
the way that participants expressed their experiences in the rst
session di ered greatly in writing and in VR. Writing was seen
as more precise, since words have strong meanings tied to them
the vocabulary of language is more strongly established than
interpretative motion. However, to select the precise words, writing
also involved some level of cognitive processing in translation.
Participants used their a orded time to select the appropriate words
they wanted to use to describe their negative experience:
[For writing] I think | nd the right words, my word
choice is more precise - P17
When I'm writing, I'm choosing my words more care-
fully... | want it to be more coherent - P4
As a result, writing entails a stronger Iter on emotional ex-
pression, seeing as participants needed to nd and choose how to
express themselves. While some participants enjoyed the process
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