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Figure 1: We propose a holistic experience design approach for nature embodiment, incorporating transitional elements (e.g.,
biophilic design, music, ritualistic performance, post-VR reflection) before and after VR and multisensory enhancements (e.g.,
weighted blanket, heat lamp, oil diffuser) during VR.

Abstract
Embodying natural entities in Virtual Reality (VR) shows poten-

tial to enhance nature connectedness, but design factors that sup-

port such embodiment remain underexplored. This study examined

whether transitional elements in the physical setting before and

after VR and multisensory stimuli during VR can strengthen nature

connectedness in a transformative tree-embodiment experience.

Through a mixed-methods approach (𝑁 = 20), where we varied

the pre- and post-VR experience (Neutral vs. Transitional) and sen-

sory modalities (Audiovisual vs. Multisensory), we found that both

transitional and multisensory experiences significantly enhanced

presence, embodiment, and nature connectedness, with increases

in emotional connectedness sustained one week later. Drawing on

interview insights and impact ratings of specific design features,

we derive design recommendations for integrating transitional and

This work is licensed under a Creative Commons Attribution 4.0 International License.

CHI ’26, Barcelona, Spain
© 2026 Copyright held by the owner/author(s).

ACM ISBN 979-8-4007-2278-3/2026/04

https://doi.org/10.1145/3772318.3790282

multisensory elements. Our findings demonstrate the value of holis-

tic design for enhancing the emotional and transformative potential

of VR nature embodiment for fostering environmental awareness.
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1 Introduction
With increasing urbanisation, opportunities for direct nature expe-

riences are declining globally [9, 66]. However, nature experiences

can foster mental and physical health [54, 59], while strengthen-

ing the emotional bond between urban populations and nature. At

the same time, opportunities to design nature interactions emerge

through technology in new and creative ways [36], offering the

potential of reconnecting individuals with nature to advance en-

vironmental stewardship and healthier societies. Nature connect-

edness (NC), the extent to which individuals feel part of the natu-

ral world [41, 57], is strongly associated with wellbeing and pro-

environmental behaviour [3, 11, 50], with research on NC gaining

increased attention over the past two decades [28].

Immersive virtual reality (VR)
1
has emerged as a tool to enhance

the connection to nature [9, 68, 69]. While exposure to virtual na-

ture can be effective in promoting NC, evidence is still limited and

largely mixed [9]. Prior work has investigated embodying non-

human entities such as animals [1, 39] and trees [68–70], showing

that nature embodiment can enhance users’ sense of NC [1, 68]

and pro-environmental behaviour [68]. However, participants are

typically immersed instantly in the VR experience, starting the

moment the headset is worn and ending as soon as it is removed.

This sudden shift requires users to abruptly adopt a new virtual

body, which might not leave enough time for psychological reflec-

tion. Therefore, an open challenge in fostering NC is supporting

the mental transition into and out of VR [69]. We hypothesise that

gradual transitions into and out of the virtual experience, combined

with time for reflection, will be more effective than abrupt entry

and exit. So far, there is little research exploring holistic VR designs

that consider the entire user journey from entering to exiting the

physical space. Another key dimension of immersive experience

design is the sensory richness during the VR experience. Incorpo-

rating multisensory stimuli beyond visuals and audio can enhance

users’ presence and body ownership [43], both of which have been

linked to stronger NC [1, 68]. Yet recent work on tree embodiment

found no benefit of multisensory over audiovisual-only VR [68],

leaving the effectiveness of multisensory enhancements for nature

embodiment uncertain.

Our work addresses this through I Am a Tree, a VR experience

where immersants embody a tree as the surrounding calm nature

turns into a scene of harmful, human-caused nature destruction.

We propose a holistic design approach that combines multisensory

enhancements (haptic and olfactory) during VR with novel, transi-

tional pre- and post-VR experiences to support smoother transitions

into and out of VR, participant readiness, and reflection afterwards.

In a within-subject user study (𝑁 = 20), we examined how these

two factors (PrePost: Neutral vs. Transitional; Modality: Audio-
visual vs. Multisensory) influenced participants’ sense of presence,

embodiment, and NC.

We found significant main effects for both the pre- and post-VR

experience and the sensory modalities on presence, embodiment,

and NC, with follow-up survey responses one week later indicating

sustained increases in the affective-experiential dimension of NC

1
While VR can encompass a range of technologies (e.g., desktop VR, 360° video), in this

paper we use the term VR to refer specifically to immersive VR (IVR) [61], involving full

immersion within the virtual environment, typically achieved through a head-mounted

display (HMD).

relative to baseline levels. We report how individual design features

were perceived to influence participants’ overall experience. Our

findings are supported by a thematic analysis of post-experience

interviews, providing context for the subjective experience of vir-

tually embodying non-human beings. Overall, our results suggest

that embodying a tree in VR offers a novel and powerful perspective

for engaging with nature and for fostering increases in NC, with

sustained emotional bonds. In the broader context, the findings

highlight the value of a holistic design approach, including thought-

fully crafted pre- and post-VR transitions in the physical space and

multisensory stimuli during VR, considering the entire user journey

from entry to exit. Our study underscores that careful attention to

users’ psychological state and the physical setting, both before and

after a potentially transformative VR experience, can significantly

enhance its overall impact. In doing so, this work contributes novel

insights into how virtual nature embodiment experiences can be

designed for greater psychological impact.

2 Related Work
For this work, we review five specific areas in the literature to build

up to our research gaps and the resulting four research questions.

2.1 Nature Connectedness and VR Interventions
Human-nature connectedness or inclusion in nature, generally re-

ferred to as NC, can be defined as the extent to which individuals

feel part of the natural world [3, 57] and is often viewed as a multidi-

mensional construct encompassing cognitive, affective, experiential,

and behavioural dimensions [41, 46, 57]. NC plays an essential role

in both environmental protection [3, 23, 41, 46] and human wellbe-

ing [11, 42, 50], with higher NC linked to more sustainable attitudes

and behaviours, and greater psychological wellbeing [3]. While

NC can be strengthened through direct nature contact, previous

research demonstrates that immersive technologies such as VR can

also foster this connection [1, 9, 39, 68, 69], offering immersive and

highly controlled environments for experimental studies on NC.

VR experiences can enhance NC and environmental responsi-

bility through scenarios such as cutting down virtual trees [2],

examining ocean acidification impacts on coral reefs [39], or em-

bodying animals [1] or trees [68, 70]. Yeo et al. [85] showed that

VR environments elicited stronger increases in NC, presence, and

positive mood compared to 360° video or TV formats. On the other

hand, Brambilla et al. [9] concluded that the overall evidence on

the potential of VR to foster NC remains limited and mixed, and the

specific design elements that shape VR’s effectiveness for fostering

NC are not well understood [16]. In addition, most studies assess

outcomes immediately after the experience, with only one study

including a follow-up measurement of NC [1], pointing to a need

for more research on longer-term effects [9].

2.2 Transformative Potential of VR
Transformative experiences are brief, extraordinary moments that

can lead to lasting changes in self-conception, personal identity,

worldviews, and view of others [15]. Such events entail two key

features: epistemic expansion—gaining new perspectives on one-

self and the world—and heightened emotional complexity [15].

Chirico et al. [15] proposed VR as a promising medium for eliciting
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such unique experiences. In this context, Stepanova et al. [75, 76]

presented a Transformational Framework, conceptualising transfor-

mative experiences as a three-stage process: (i) a novel perceptual

experience, (ii) a resulting cognitive shift, and (iii) potential be-

havioural change (see Figure 2, top).

VR also enables the simulation of impossible or alternative reali-

ties [22, 53], providing opportunities for transformation through

knowledge expansion. This includes, for instance, experiencing the

world from another person’s perspective, whichmay destabilise and

reconstruct mental schemes [15]. Khanna et al. [32] identify five

technological affordances of VR (immersion, spatial presence, body

ownership, engagement, and usability) that appear to mediate em-

pathic and prosocial outcomes in VR perspective-taking research,

while emphasising the provisional nature of this conclusion.

Prior work also demonstrated the potential of VR to elicit self-

transcendent emotions such as awe [4, 13, 14, 51], though research

on designing for transformative experiences remains limited [77].

Kitson et al. [33] identified interaction and design elements for

immersive technologies, among those ‘nature’ and ‘embodied’ com-

ponents, that may support positive psychological change in users.

2.3 Virtual Nature Embodiment
Embodied VR presents a promising approach for transformation, as

previous research suggests that inhabiting avatars can foster atti-

tude and behavioural change [38]. While most embodiment studies

have focused on humanoid avatars, VR also allows for embodiment

beyond the human form, offering flexibility in avatar selection [83].

Previous work on nature embodiment in VR has explored differ-

ent non-human entities, including cows [1], birds [47], turtles [49],

corals [1, 39], and trees [68–70], with several studies reporting

increases in NC, environmental attitudes, and related outcomes.

However, findings have been mixed regarding the role of specific

conditions and mechanisms. For example, Markowitz et al. [39]

found no significant differences between embodying a natural en-

tity (coral) and a human avatar (scuba diver) on NC, environmental

concern or presence, suggesting that the type of avatar alone may

not drive changes in NC. Moreover, regarding the sense of pres-

ence (i.e., subjective feeling of being in a virtual environment [65]),

some studies reported that higher presence correlates with greater

NC [39, 68], yet others found its mediating role to be limited and

temporary [1]. By contrast, embodiment (i.e., the sense of owning

the virtual body [44]) appears to play a consistent role. Ahn et al. [1]

found that embodiment mediated the effect of VR exposure on NC,

with effects persisting one week later. Similarly, Spangenberger et al.

[68] observed that embodiment mediated the positive association

between presence and NC during tree embodiment. Extending this

work, they also found that compassion (particularly when elicited

through negative, threatening scenarios) rather than presence or

body ownership alone, mediated increases in NC, highlighting the

role of affective processes in nature embodiment experiences [70].

Among the various forms of nature embodiment, virtual tree

embodiment is a particularly nascent area of research. Initial results

were somewhat mixed: Spangenberger et al. [69] found no signifi-

cant quantitative differences in nature relatedness or perspective-

taking betweenVR and desktop video conditions, though qualitative

data indicated stronger self-reflection and self-identification with

the tree in VR. Another study supports these reflection outcomes,

showing that taking a tree’s perspective in 360° VR, combined with

a post-VR reflection activity, elicited both observational and em-

pathic reflections from tree and human perspectives [24]. Two

subsequent studies by Spangenberger et al. [68, 70] observed signif-

icant increases in NC from pre- to post-exposure, suggesting that

tree embodiment in VR can enhance users’ connection to nature.

In this context, we found two existing VR applications that allow

users to embody a tree: (1) “TreeSense,” developed at MIT’s Media

Lab, where users start as a seedling and grow into a full tree, with

electronic muscle stimulation for tactile stimulation [37]; and (2)

“Tree”, a more advanced VR film version of TreeSense, developed

at MIT Media Lab in collaboration with film directors, and used as

stimulus material in studies by Spangenberger et al. [68–70].

Adjacent to this tree-embodiment work, a recent study by Ye et

al. [84] describes a dynamic, multisensory VR plant-growth game

grounded in embodied interaction design. Instead of directly em-

bodying a plant or tree, players interact with a rope-based interface

to control a tree’s energy flow and defend it from harsh environ-

mental conditions.

2.4 Multisensory Enhancements in VR
Given the relevance of presence and embodiment in fostering NC,

multisensory stimuli may play a key role in enhancing the effec-

tiveness of nature embodiment. Multisensory feedback, compared

to audiovisual-only, is known to enhance presence and task perfor-

mance in VR [43]. Tactile sensation has been linked to increased

embodiment [17, 20], and thermal and wind cues can increase re-

alism and spatial presence [12, 26]. Olfactory stimuli have also

been associated with increased presence [45] and reduced stress in

virtual nature settings [25, 55]. However, multisensory input can

occasionally increase cognitive load [19] or be perceived as disturb-

ing [79], underscoring the importance of credible, well-integrated

stimuli. Furthermore, a recent study on virtual tree embodiment by

Spangenberger et al. [68] found no benefit of multisensory enhance-

ments on presence or NC compared to audiovisual-only VR. Finally,

a review identified several key gaps in the literature: (i) a lack of

multisensory feedback beyond audio, visuals, and vibrations; (ii)

limited exploration of how touch sensations beyond visual-tactile

stimulation influence embodiment; and (iii) a predominant focus

on task performance rather than users’ subjective perception or

emotional responses [43]. Moreover, research on the psychologi-

cal outcomes of multisensory VR in the specific context of virtual

nature remains scarce [72]. These gaps limit our understanding of

how multisensory design can best support nature embodiment.

2.5 Transitions into and out of VR
Another potential approach to enhance embodied experiences in-

volves transitions into and out of VR, which remain underexplored

in HCI research. While virtual, transitional environments, such

as virtual room replicas, have been generally shown to increase

presence [29, 74, 80], most studies overlook the potential influence

of participants’ state of mind and real-world experiences before

and after VR. Here, an HCI trajectories framework emphasises

the relevance of coherent, continuous journeys throughout an in-

teractive user experience, for instance recommending traversals

https://www.treeofficial.com/
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Transformational Framework  (Stepanova et al., 2017)
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Figure 2: Conceptual idea of I Am a Tree, applied to the Transformational Framework’s three stages: Virtual tree embodiment
(perceptual experience) to enhance NC (cognitive shift), and, ultimately, promote pro-environmental behaviour (behavioural
change). The framework at the top is adapted from Stepanova et al. [75], with permission from the authors.

Table 1: Overview of primary related work that guided the design of our VR experience and user study, listing the topic, key
literature, and key design implications for our work.

Topic Key Literature Key Design Implications Concrete Design Choices

Transformative

experiences

[75–77] Novel perceptual perspective to evoke a cognitive shift

(e.g., increased connectedness)

Taking nature’s perspective by embodying a tree

Multisensory VR [43, 69] Olfaction and haptics beyond vibration to increase pres-

ence and embodiment

Combination of nature-related smells, kinesthetic and

tactile haptics (see Table 2)

Transitions

into/out of VR

[5, 29, 73, 74] Holistic design of the complete experience; traversals

between real and virtual; gradual transitions to increase

presence; reflection-promoting ending

Several pre- and post-VR transitional phases to provide

a holistic user experience (see Figure 4); walking into

a different room section through a curtain; triggering

post-VR (self-)reflection through a mirror and a reflec-

tive interview

Set and setting,

biophilic design

[27, 34] Calming, biophilic pre-/post-VR setting with ritualistic

and foreshadowing elements

Calm background music, dimmed lighting with fairy

lights, foreshadowing nature decoration (e.g., plants,

twigs, acorns, pine cones); poem recitation in a ritualis-

tic performance

Virtual nature

embodiment

[1, 39, 68–70] Nature embodiment and threatening scenario to in-

crease NC; multisensory effectiveness unclear

Embodying a tree while the virtual scene transitions

from a calm setting to threatening nature destruction;

multisensory enhancements during VR

between real and virtual worlds and reflective endings [5]. More-

over, a qualitative study identified five themes (space, control, time,

sociality, and sensory factors) that may shape the experience of

exiting VR and discussed ways to either heighten or soften this exit

transition. For example, participants suggested a softer transition

before taking off the HMD by fading into a see-through mode [35].

Two participants also mentioned modifications to the real-world

environment, specifically in the physical and social setting.

Drawing on a case study on profound VR experiences, both set

(user’s mindset) and setting (physical and social context) may play a

crucial role in helping users transition into another reality [34]. The

authors propose these factors as essential design components, sug-

gesting they can enhance presence, pro-sociality, and creativity, for

instance, by adding ‘foreshadowing elements’ in the physical envi-

ronment to create a sense of continuity between the real and virtual

world. Moreover, they suggest the use of ritualistic elements before

entering VR to set the tone and evoke profound experiences [34].

As these insights are based on qualitative data, the impact of such

transitional design elements has yet to be statistically validated.
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Educational technology research has examined how to orches-

trate VR learning sessions in classroom settings through purposeful

activities before and after the VR experience [21, 48, 71]. This work

shows that structuring the broader learning sequence around VR

(e.g., through preparatory learning materials, guided exploration,

and post-VR reflection) can influence outcomes: for example, adding

a written self-explanation task after a VR biology lesson did not

yield additional learning benefits [21], whereas an electrical en-

gineering lesson orchestrated around a VR learning application,

including additional learning material and reflective activities, en-

hanced knowledge and comprehension gains compared to non-VR

group work [71]. While this literature focuses on educational con-

texts, it overall suggests that the effectiveness of a VR experience

may be shaped in part by the settings and activities surrounding it.

2.6 Research Questions
The analysis of previous work revealed that VR research to foster

NC has seen significant growth and highlighted the potential of

embodying non-human entities, such as trees. Nevertheless, several

areas remain underexplored: (1) the influence of pre- and post-VR

transitions in the physical space on participants’ experiences; (2)

the role of multisensory enhancements beyond audiovisual stimuli

in supporting the embodied experience; (3) understanding which

specific design features are effective in supporting transformative

experiences for connectedness; and (4) the longer-term effects of

virtual nature embodiment. Addressing these gaps is essential for

further advancing VR as a tool for fostering environmental aware-

ness and connectedness. To this end, we set out to extend prior

findings on tree embodiment and investigated the following re-

search questions.

RQ1 While virtual, transitional environments that ease users into

VR have been shown to enhance presence [74], the role of

users’ pre- and post-VR experiences, shaped by state of mind

and physical setting [34], remains unexplored in virtual na-

ture embodiment. Therefore, we pose our first research ques-

tion: How do pre- and post-VR experiences influence presence,
embodiment, and nature connectedness?

RQ2 In a wide range of applications, sensory modalities have been

shown to be beneficial in connecting with virtual environ-

ments [43]. However, in the context of tree embodiment, prior

work recently found limited effects of multisensory enhance-

ments on presence and NC [68]. Thus, we pose our second

research question: How do sensory modalities during VR influ-
ence presence, embodiment, and nature connectedness?

RQ3 While core technological affordances of VR (e.g., spatial pres-

ence, body ownership) may mediate empathic outcomes in

VR perspective-taking [32], such effects are often difficult

to attribute to specific design aspects in prior work. Simi-

larly, little is known about which specific design features

are effective in fostering transformative VR experiences for

connectedness. To address this, we also ask: Which specific
design features or elements, both transitional and multisensory,
have the strongest impact on participants’ overall experience?

RQ4 Finally, to our knowledge, only one previous study [1] has

included a follow-up measurement after nature embodiment

in VR, highlighting a significant knowledge gap regarding

whether and how responses may persist beyond the immedi-

ate session. Accordingly, we ask our final research question:

Does the overall VR intervention lead to sustained effects on
nature connectedness one week after the study?

3 Experience Design
In this work, we go beyond the state-of-the-art and propose a holis-

tic experience design approach for VR that, based on our research

questions, encompasses the entire user journey from (1) the pre-VR

experience, (2) through various sensory enhancements during VR,

(3) to the post-VR experience (see Figure 1), to fully realise the

transformative potential of nature embodiment.

3.1 VR Application: I Am a Tree
To explore this, we developed a novel VR application called I Am a
Tree following an iterative design process with pilot testing. Rather

than embodying another person, it enables immersants to experi-

ence a sense of being a tree, perceiving environmental destruction

from nature’s point of view and experiencing climate change as an

immediate, personal threat. Based on our literature review, we syn-

thesised key design implications that informed both the overarching

concept and the design of the VR experience (see Table 1). Grounded

in Stepanova et al.’s transformational VR framework [75, 76], I Am
a Tree aims to foster cognitive shifts towards nature connectedness.

We illustrate our conceptual idea in Figure 2, mapping it onto the

framework’s three stages.

The final VR application comprises three scenes (see Figure 3):

(1) Prologue: It begins in a dimly lit forest at dusk, guided by a

narrated poem, aimed at slowly introducing the transforma-

tion into a tree. The immersant is prompted to step forward,

triggering a gradual transition into the main scene.

(2) Main Scene – Forest Clearing: In a mixed European for-

est, the immersant now embodies a large oak tree through

visuals, narration, control of two branches, and subtle tree

bending that responds to the user’s head movements, over-

looking a vibrant daytime forest clearing. Then, the calm,

lush environment with birds, a river and greenery suddenly

transforms into Destruction of Nature, as industrial struc-
tures, waste, smoke, fire, and storms gradually overtake the

landscape.

(3) Outro Reflection: From a second-person perspective, the

immersant sees the oak tree now barren, both floating in

outer space, accompanied by narration and classical music,

aiming to provide time for reflection.

A script of the narration can be found in the Supplementary

Material. Following a holistic design approach, we then integrated

both pre- and post-VR transitions and multisensory in-VR enhance-

ments to foster cognitive shifts towards nature connectedness at

both emotional and reflective levels.

3.2 Pre- and Post-VR Transitions
We created pre- and post-VR transitions that extend beyond in-

headset transitional environments seen in prior work (see Section 2)

and instead actively shape the atmosphere and participants’ mental

state in the physical environment. In the context of transformative
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Calm Nature (embodied)Forest at Dusk Outer SpaceDestruction of Nature (embodied) 

Prologue Outro ReflectionMain Scene - Forest Clearing

Figure 3: The three VR environments, shown from the user’s perspective: (i) Prologue, (ii) Main Scene in a forest clearing,
starting with peaceful, calm nature, followed by environmental destruction, and (iii) Outro Reflection.

Figure 4: Transitional phases during the pre- and post-VR experience, presenting images, descriptions, and design goals for
each. See poem text for the Pre-VR transition in the Supplementary Material.
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VR experiences, where we aim to evoke profound emotional re-

sponses and shifts in worldviews, we sought to prepare participants

to be more open and receptive before entering VR, and to provide

space for reflection afterwards.

The real-world transitions therefore combine several elements

informed by related work on set and setting and foreshadowing el-

ements [34], and transformative experience design (see Section 2.2).

Figure 4 illustrates the specific transitional phases with their as-

sociated design goals. Specifically, the pre-VR phases incorporate

biophilic design (nature-inspired decorations such as plants, leaves,

acorns, and twigs), dimmed lighting and calming music, actor guid-

ance, and ritualistic elements, including a nature-themed poem

recitation (see narration script in the Supplementary Material).

These design choices aim to ease participants into the embodied

experience, provide continuity between the physical room and the

upcoming forest scene, and foster an open state of mind. In line

with previous suggestions that traversals can reinforce presence by

evoking a sense of “travelling” into another world [73], participants

walk through a curtain into a dedicated transitional space. The

post-VR phases aim to guide participants back into the physical

room and support reflection on the experience. A mirror is used as a

symbolic cue to help users process the transition out of VR and con-

sider their own role in the human–nature relationship. Providing

this reflective space aligns with frameworks of transformative ex-

perience that emphasise cognitive accommodation and integration

as essential steps towards behavioural change [76].

Together, these pre- and post-VR phases are designed to (i)

smooth the transition into and out of VR, (ii) enhance presence,

embodiment, and nature connectedness even beyond the headset,

and (iii) support reflection as a potential catalyst for transformation.

3.3 Multisensory Enhancements during VR
Building on prior research showing that congruent stimulation

across modalities can enhance presence and body ownership [43]

(see Section 2), the experience also includes multisensory enhance-

ments during VR. These enhancements include carefully selected

olfactory and haptic cues (tactile, kinesthetic, wind, and thermal),

thereby overall engaging the senses of sight, hearing, smell, and

touch (including thermoception). We prioritise smell and touch

(beyond vibrations), as these modalities are rarely incorporated in

VR yet can strongly support presence, embodiment, and affective

responses [43]. Our design aims for stimuli that are perceptually

realistic, align with the virtual environment and narrative, and re-

inforce the sensation of embodying a tree. By designing congruent,

contextually appropriate cues, we seek to strengthen immersion

and embodiment without distracting from the central perspective-

taking goal. Multisensory cues were explicitly designed to be syn-

chronous with the corresponding virtual scene (e.g., heat and smoke

smell start during the fire scene, matching VR visuals and narra-

tion), as asynchronous timing or mismatched stimuli risk breaking

presence and embodiment [7, 63]. Overall, our olfactory cues pri-

marily aim to heighten emotional responses and the sense of being

there in the environment, while haptic stimuli are mainly intended

to ground the experience in the body, supporting both presence and

embodiment. For example, a weighted blanket around the user’s

hips aims to evoke a sense of heaviness and groundedness, resem-

bling a tree, while simultaneously reducing their sense of agency

by constraining movement. The warmth of an infrared lamp and

the subtle smell of smoke are used to reinforce the sensation of fire

and danger, manually applied airflow simulates stormy wind in the

forest, and brief, congruent touches of leaves brushing the user’s

hand aim to enhance body ownership. Table 2 summarises all mul-

tisensory stimuli used in our experience, including their modalities,

design goals, and targeted variables, and is complemented by a VR

cue timeline that illustrates how they are integrated and timed with

in-VR visuals and audio (see Supplementary Material).

We next describe our user study evaluating the impact of this

holistic experience design, including the transitional and multisen-

sory elements.

4 Methods
To answer our research questions, we performed a controlled,

within-subject experiment on the I Am a Tree application, system-

atically varying the pre- and post-VR experience and the sensory

modalities during VR.

4.1 Study Design
Our experiment followed a 2 × 2 factorial design with two indepen-

dent variables, each with two levels (see Figure 5):

• PrePost (Neutral vs. Transitional): The pre- and post-VR

experience was either Neutral (i.e., no real-world transi-

tions, taking place in a standard laboratory setting, guided by

an experimenter and reflective post-VR questions neutrally

asked by the experimenter) or Transitional (i.e., including
real-world transitions before and after VR, taking place in

a calm, biophilic setting, guided by an actor and reflective

post-VR questions asked by the actor in an empathic way;

as described in Section 3.2).

• Modality (Audiovisual vs. Multisensory): The in-VR experi-

ence was either Audiovisual (i.e., only visual and auditory

cues provided through the HMD) or Multisensory, augment-

ing audiovisual VR with haptic (kinesthetic and tactile sensa-

tions, including wind and temperature change) and olfactory

stimuli, as described in Section 3.3.

This design resulted in four experimental conditions (see Fig-

ure 5). We systematically examined the two factors to determine

their individual and combined effects on self-reported sense of pres-

ence, level of embodiment, and NC. In addition, we explored the

impact of specific design features and investigated the effects of

the overall VR intervention on NC at a one-week follow-up.

As summarised in Table 3, all conditions utilised the same core I
Am a Tree VR application, including identical virtual environments,

in-VR audio, branch control and tree bending elements (as described

in Section 3.1). Participants were able to control the virtual branches

by moving tracked real tree branches in Multisensory conditions

and standard VR controllers in Audiovisual conditions.

4.2 Measures
We adopted a mixed-methods approach, combining quantitative

self-report questionnaires (see SupplementaryMaterial for all scales)



CHI ’26, April 13–17, 2026, Barcelona, Spain Townsend et al.

Table 2: Design goals and descriptions of haptic and olfactory enhancements used in Multisensory conditions. Timings of the
different stimuli are documented in the Supplementary Material. In-VR visuals and audio were identical across all conditions.

Image Description Modality Design Goals Target

Tree branches:Held in both hands. Tracked move-

ment controls virtual branches.

Tactile (tex-

ture), Kinesthetic

(weight)

Sense of touching bark, embodied experience of

being a tree, feeling close to nature.

Embodiment,

NC

Textured mat: Stepping onto the mat in socks. 1

layer coconut fiber, 1 layer hemp.

Tactile (texture) Sense of standing on a soft (hemp) and textured (co-

conut fiber) forest ground. Feeling close to nature.

Presence,

Embodiment,

NC

Weighted blanket: 6kg blanket surrounding par-
ticipants’ hips and legs. Attached with straps.

Tactile (pres-

sure), Kinesthetic

(weight)

Sense of heaviness, feeling grounded like a tree.

Movement confinement emphasises trees’ lack of

agency -> Sense of immobility and helplessness.

Embodiment

Swaying movement: Side-to-side motion, increas-

ing in strength. Manually applied to participants

via 4 ropes.

Kinesthetic

(movement,

position, balance)

Sense of slightly swaying in thewind (CalmNature).

Sense of being pulled and attacked (Destruction),

matching the narrative’s dynamics.

Embodiment

Touch of leaves: Slightly brushing past partici-

pants’ right hand twice.

Tactile (brief

pressure, texture)

Congruent touch synchronised with in-VR visuals

and sound to increase body ownership.

Embodiment

Wind: Manually provided airflow using a piece of

cardboard, targeting the upper body, increasing in

speed.

Tactile (aerody-

namic)

Sense of being there in the storm. Presence

Heat: Automated infrared lamp, targeting partici-

pants’ upper body.

Tactile (thermal) Sense of being there close to the fire. Sense of dan-

ger.

Presence

Pine smell: Automated oil diffuser. 6 drops of pine

essential oil in 1 cup of water.

Olfactory Sense of being there in the forest, amidst trees. Presence, NC

Smoke smell: Real burnt twigs and leaves, manu-

ally held under participants’ face.

Olfactory Sense of being around fire. Sense of danger. Presence

with qualitative interviews to capture participants’ psychological

and experiential responses.

4.2.1 Presence. We assessed participants’ sense of presence using

the three-item Slater-Usoh-Steed (SUS) short form [64], covering

feelings of being there in the virtual environment, realism, and

the extent to which the VR world was somewhere they visited or

something they saw. Items were rated on a 7-point Likert scale.

4.2.2 Embodiment. We measured perceived embodiment with a

modified 13-item embodiment scale [1, 62], adapted for tree em-

bodiment following previous work [68] and for tactile leaf contact

present in our study (see Supplementary Material). On a 5-point

Likert scale, it measures the extent to which participants felt that

the virtual tree body was their own body, covering three dimen-

sions of embodiment: embodiment-body (e.g., “How much did you

feel that the tree body was your body?”), embodiment-touch (e.g.,

“How strong was the feeling that the touch you felt was caused

by the leaves you saw?”), and embodiment-emotional involvement

(e.g., “To what extent did you feel scared at the thought that your

tree body would be harmed?”) [68].

4.2.3 Nature Connectedness (state). We assessed NC with two com-

plementary state measures as they capture different dimensions of

the construct. Following related work (e.g., [1, 49, 67, 68, 70, 85]),

we used the single-item Inclusion of Nature in Self (INS) scale, a

pictorial Venn-diagram measure, to capture the cognitive aspect of
NC [56]. On the 7-point scale, responders choose the diagram that

represents their sense of interconnection with nature.We instructed

participants to refer to their state in the current moment (“How

connected do you feel with nature right now?”) [68, 70]. However,
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Figure 5: Experimental context and physical setup across all
four conditions, illustrating variations in (i) the setting of
the pre- and post-VR experience (Neutral vs. Transitional),
and (ii) the sensory modalities during VR (Audiovisual vs.
Multisensory).

Table 3: Summary of features present in the four experimen-
tal conditions. All conditions used the same VR environment
and in-VR audio. The Only Transitional (OT) condition in-
cluded all transitional features but not the haptic or olfactory
features; the Only Multisensory (OM) condition included all
multisensory features but no transitional features; and the
Full (F) condition included both feature sets, while the Con-
trol (C) condition included neither.

C OT OM F

VR environments from Figure 3 ✓ ✓ ✓ ✓

In-VR audio feedback ✓ ✓ ✓ ✓

All transitional features from Figure 4 ✓ ✓

All multisensory features from Table 2 ✓ ✓

this pictorial scale relies on participants’ ability to mentally ab-

stract their relationship with nature [41] and, as a single item, its

reliability cannot be assessed [58]. To address these issues and to

also capture the affective–experiential dimension of NC, we supple-

mented it with the validated 14-item Connectedness to Nature Scale

(CNS) [41], an approach used in prior VR-nature work [67]. The

CNS measures individuals’ momentary sense of oneness with the

natural world on a 7-point agreement scale (e.g., “At the moment,

I’m feeling that the natural world is a community to which I belong.”

and “Right now, I am feeling deeply aware of how my actions affect

the natural world.”).

4.2.4 Impact Ratings. After all conditions, we administered a cus-

tom impact questionnaire (see Supplementary Material) in which

participants rated specific design features on a scale from –4 (very

strong negative impact) to +4 (very strong positive impact). Rat-

ings were grouped by pre-/post-VR experience, multisensory in-VR

stimuli, and general VR experience. Participants could indicate if

they had not noticed a feature or add and rate up to three additional

aspects per category.

4.2.5 Qualitative interviews. We conducted semi-structured exit in-

terviews to gain a deeper understanding of participants’ individual

experiences during the study, primarily exploring participants’ per-

ceptions of the pre-/post-VR experience and multisensory elements,

including the most impactful elements, emotional effects, perceived

influence on NC, and ideas for improvement (see interview script

in the Supplementary Material). Follow-up prompts encouraged

reflection on specific experiential details and emotional responses.

4.2.6 Additional Measures. In addition to our key dependent vari-

ables, we also assessed motion sickness using the single-item Fast

Motion Sickness scale (FMS) [31] on a slider ranging from 0 (no

sickness at all) to 20 (severe sickness), and affective wellbeing using

the ten-item International Positive and Negative Affect Schedule

Short Form (I-PANAS-SF) [78]. Additionally, participants filled out a

written reflection task after each condition, aimed at assessing their

empathic responses. Before the study, we measured participants’

NC as an individual trait using the trait version of the 14-item CNS

scale [41]. In a follow-up survey, we also measured participants’

personality using a ten-item short form of the Big Five Inventory

(BFI-10) [52]. As the wellbeing, trait NC, personality, and reflection

measures were not central to our research questions, we do not

report their results in this paper.

4.3 Apparatus
The I Am a Tree VR experience, developed in Unity (2022.3.32f1)

with three Universal Render Pipeline (URP) scenes, was used as

stimulus material across all conditions. The environmental changes

during the Destruction of Nature phase were achieved through dy-

namic placement of industrial objects and waste (introduced one

by one when the user is not looking), physics-based tree falling,

particle effects for smoke and fire, spatial audio, and lighting and

fog transitions from a sunny blue day to a stormy red sky. In Multi-
sensory conditions, heat and smell stimuli were automated via an

open-source smart home platform, Home Assistant, running on

a Raspberry Pi. An infrared heat lamp was connected through a

smart Wi-Fi plug (Tapo P100) and an oil diffuser was controlled by

a relay (Songle SRD-05VDC-SL-C) and an ESP32-S3-Zero micro-

controller running ESPHome. Both were triggered from Unity via

HTTP requests.

For the study, the laboratory was divided into two sections of

approximately equal size (3𝑚 × 2𝑚). One served as a standard lab

setting for Neutral conditions, surveys, and interviews, while the

other, separated by a curtain and decorated with biophilic elements

and fairy lights, was used exclusively for the Transitional conditions.
The application was deployed on a Meta Quest 3 HMD (2064× 2208

pixels per eye, 110
◦ × 96

◦
field of view, Qualcomm Snapdragon XR2

Gen 2 processor, 8 GB RAM) connected via a Meta Link cable to an

ASUS TUF Gaming F15 laptop (12th Gen Intel Core i5-12500Hm

processor, NVIDIA GeForce RTX 3050 GPU, 16 GB RAM, 475 GB

SSD) running Unity. Two sets of Quest 3 controllers were used:

one handheld in Audiovisual conditions and one attached to the

https://unity.com/
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tree branches in Multisensory conditions. Participants wore noise-

cancelling headphones (Bose QuietComfort) to block real-world

sound. Online surveys were administered via Qualtrics.

4.4 Study Procedure
Before the in-person session, participants completed an online

pre-survey collecting demographics and nature-related character-

istics. At the lab, participants received study information, gave in-

formed consent, and completed baseline questionnaires (INS, CNS,

I-PANAS-SF, FMS) on a laptop. The experimenter then gave in-

formation on the VR experience and reminded participants that

some conditions would include physical touch. Following a within-

subject design, each participant then experienced all four VR con-

ditions. We chose a within-subject design to enable participants to

directly compare conditions and provide detailed feedback on how

pre-/post-VR transitions and multisensory stimuli affected their

experience. Moreover, individual participant characteristics are con-

trolled for in this design, which allows the attribution of outcomes

to differences in conditions rather than differences between subject

groups. Although we acknowledge that repeated exposure to the

“I Am a Tree” experience made participants aware of the storyline

and introduced the risk of carryover effects, this trade-off was ac-

ceptable given the richer comparative insights gained in interviews.

Order effects were minimised by counterbalancing condition orders

across participants using a balanced Latin square [8].

Each VR session lasted approximately 6 minutes (7 to 10 minutes

including transitional phases). After each condition, participants

filled out post-condition questionnaires (INS, CNS, I-PANAS-SF,

SUS, Embodiment, FMS) on a laptop and a written reflection task

on paper. Following the final condition, participants completed

an online post-survey, including impact ratings of specific design

features, and took part in a semi-structured interview that lasted 15

minutes on average. In total, the in-person study lasted on average

113 minutes, ranging from 87 to 165 minutes. Seven days later,

participants were invited to complete a follow-up survey assessing

NC (INS, CNS) and wellbeing (I-PANAS-SF).

4.5 Data Analysis
4.5.1 Quantitative Analysis. We used Python (3.12.1) to process

and R (4.4.2) to statistically analyse the survey data. From multi-

item Likert-scale responses, we computed scale scores (SUS, Em-

bodiment, CNS state). For state NC measures, we then calculated

within-subject change scores (ΔINS, ΔCNS) by subtracting base-

line from post-condition values to control for individual baseline

differences [68, 69]. All tests used a significance level of 𝛼 = .05. To

address RQ1 and RQ2, we conducted two-way repeated-measures

analyses of variance (RMANOVAs) with within-subject factors Pre-

Post and Modality on each dependent variable: presence, embodi-

ment, ΔINS and ΔCNS, as well as motion sickness. As the data were

non-normally distributed according to Shapiro-Wilk tests, we per-

formed non-parametric factorial analyses using the Aligned Rank

Transform [82], followed by RM ANOVA on the aligned-ranked

data. We report partial eta squared (𝜂2𝑝 ) as a measure of the effect,

which can be categorised as small (≥ .01), medium (≥ .06), or large

(≥ .14) [18]. Regarding RQ3, we compared overall impact ratings

using a paired 𝑡-test with Cohen’s𝑑𝑧 as effect size. To test for lasting

effects (RQ4), we compared baseline to one-week follow-up for INS

and CNS state scores, conducting Wilcoxon signed-rank tests with

rank-biserial correlation 𝑟 as effect size for non-parametric data;

or otherwise, paired 𝑡-tests with Cohen’s 𝑑𝑧 . Based on Cohen’s

guidelines [18], |𝑟 | is classified as a small (≥ .1), medium (≥ .3), or

large (≥ .5), and 𝑑𝑧 as a small (≥ .2), medium (≥ .5), or large (≥ .8)

effect size. Negative values indicate adverse effects.

4.5.2 Qualitative Analysis. We conducted qualitative analysis of

the exit interviews to gain insights into participants’ experiences,

focusing on RQ1–RQ3. After transcribing the interview recordings

in Whisper (v0.0.15), we conducted a hybrid deductive–inductive

thematic analysis [10] using ATLAS.ti (v25.0.1.32924). Our process

involved: (i) inductive open coding of 100% of the data by one

researcher, yielding 937 initial codes; (ii) deductive construction of

six main themes, informed by research questions RQ1 and RQ2; (iii)

categorisation of initial codes into the themes, through collaborative

discussion among three researchers until consensus was reached;

(iv) fine-grained inductive analysis within each theme to group and

refine codes, again through collaborative discussion, resulting in

37 final codes; and (v) final review and application of final codes

across the dataset to ensure consistency. This hybrid approach

enabled us to capture participants’ detailed, diverse experiences

while structuring the insights around our research questions.

4.6 Participants
The study received approval from our university’s ethics board.

We recruited 25 participants via an institution’s mailing list and

compensated them with an equivalent of approximately 14 USD

per hour. Data from 5 participants were excluded (one after a scene

modification, two for not following instructions, one due to acci-

dentally turning off the HMD, one due to sound issues), leaving 20

participants for analysis. This sample size was well-suited to our

mixed-methods approach, enabling reliable within-subject compar-

isons while also allowing for in-depth qualitative exploration in

interviews. Participants were engaged in the in-person study for

an average of 113 minutes.

Of the 20 participants, 12 identified as female, 8 as male, and 0

as non-binary, aged 20–34 years (𝑀 = 24.65). Sixteen participants

were students. Prior VR experience was mixed, with participants

who had never used VR (3), who used it rarely (8), i.e., 1–3 times,

occasionally (5), i.e., 4–9 times, sometimes (2), i.e., 10–19 times,

or frequently (2), i.e., 20–49 times, with none reporting very or

extremely frequent use. Time spent in nature was reported as daily

(2), weekly (10), monthly (7), or rarely (1). Current living area was

described as urban (12), suburban (5), or provincial (3), with none

rural. Environmental concern varied, reported as not at all (1),

slightly (3), somewhat (1), moderately (6), concerned (5), very (2),

or extremely concerned (2). Trait NC (CNS) averaged 𝑀 = 3.45

(𝑆𝐷 = 0.56,𝑚𝑖𝑛 = 2.29,𝑚𝑎𝑥 = 4.50) on a 1–5 scale, comparable to

the general public in prior work [41].

5 Results
Next, we present our quantitative and qualitative analysis, address-

ing our four research questions. For RQ1 and RQ2, Table 4 shows

descriptive results, Table 5 statistical analyses, and Figure 6 and

Figure 7 their visualisations. Self-reported motion sickness across

https://www.qualtrics.com/
https://github.com/Vaibhavs10/insanely-fast-whisper
https://atlasti.com/
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Table 4: Descriptive statistics of post-condition outcomes for each level of the independent variables.

PrePost Modality

Neutral Transitional Audiovisual Multisensory

M SD Mdn M SD Mdn M SD Mdn M SD Mdn

Presence 4.33 1.79 4.33 5.06 1.72 5.67 3.98 1.62 4.33 5.41 1.66 6.00

Embodiment 2.79 1.14 2.88 3.07 1.06 3.08 2.31 0.89 2.04 3.54 0.94 3.69

ΔINS 1.33 1.47 1.00 1.95 1.60 2.00 1.15 1.33 1.00 2.13 1.64 1.50

ΔCNS 1.11 1.05 1.00 1.51 1.09 1.19 1.04 .90 1.00 1.58 1.19 1.31

FMS .93 1.53 .00 .85 1.51 .00 .98 1.69 .00 .80 1.32 .00

Note: M = Mean, SD = Standard Deviation, Mdn = Median, ΔINS = Change in Inclusion of Nature in Self (state), ΔCNS = Change in Connectedness to Nature scale (state),

FMS = Fast Motion Sickness scale. Changes refer to differences between baseline and post-condition measurements.

Table 5: Inferential statistics of post-condition outcomes, including Shapiro-Wilk normality tests and two-way ART RM
ANOVAs (𝐹 (1, 57)). Partial ETA squared (𝜂2𝑝 ) is reported as the effect size. Significant effects below 𝛼 < 0.05 are bolded.

Normality PrePost Modality PP × M

W p F p 𝜂2p F p 𝜂2p F p 𝜂2p

Presence .93 <.001 14.23 <.001 .20 50.21 <.001 .47 .31 .581 .01

Embodiment .96 .019 4.84 .032 .08 89.35 <.001 .61 .39 .536 .01

ΔINS .93 <.001 10.10 .002 .15 27.64 <.001 .33 .06 .808 .00

ΔCNS .95 .006 5.37 .024 .09 11.47 .001 .17 .15 .695 .00

FMS .65 <.001 1.03 .314 .02 .40 .528 .01 .71 .404 .01

Note: ΔINS = Change in Inclusion of Nature in Self (state), ΔCNS = Change in Connectedness to Nature scale (state), FMS = Fast Motion Sickness scale. Changes refer to

differences between baseline and post-condition measurements.

all conditions was M = 0.89 (SD = 1.51) on a scale from 0 to 20,

with no significant main or interaction effects of the independent

variables observed (see Table 4 and Table 5), suggesting that motion

sickness did not influence the study outcomes.

5.1 Effects of PrePost and Modality
5.1.1 Sense of Presence. For the SUS presence questionnaire, the
ART RM ANOVA showed significant main effects of PrePost and

Modality on SUS mean scores, both with a large effect size. Pres-

ence ratings were significantly higher in Transitional conditions
compared to Neutral conditions, and in Multisensory conditions

compared to Audiovisual conditions.

5.1.2 Embodiment. Regarding the extent to which participants

had a sense of embodying the tree, the ART RM ANOVA showed a

significant main effect of PrePost on the level of embodiment, with

a medium effect size. Similarly, it also showed a significant main

effect of Modality on the level of embodiment, with a large effect

size. Embodiment ratings were significantly higher in Transitional
conditions compared to Neutral conditions, and in Multisensory
conditions compared to Audiovisual conditions.

5.1.3 Nature Connectedness. To assess participants’ state NC, we

examined changes in INS and CNS after each condition, where

positive values represent an increase and negative values a decrease

in NC (see Figure 6). For the INS scale, ART RM ANOVAs revealed

significant main effects of PrePost and Modality on ΔINS, both
with a large effect size. Similarly, the ART RM ANOVA showed a

significant main effect of PrePost on ΔCNS, with a medium effect

size, and a significant main effect of Modality on ΔCNS, with a

large effect size. Increases in INS and CNS ratings were significantly

greater for Transitional compared to Neutral, and for Multisensory
compared to Audiovisual.

Overall, no significant interaction effects emerged between Pre-

Post and Modality for any dependent variable.

5.2 Impact Ratings of Specific Design Features
To address RQ3, participants rated the perceived impact of specific

design features on their overall experience. Ratings are shown in

Figure 8, grouped by transitional, multisensory, and overarching

elements. Within each group, features are ordered by mean impact,

highlighting those with the strongest positive effects. We also com-

puted impact scores across all individual features for the multisen-

sory and transitional categories. A paired t-test revealed that overall,

multisensory impact ratings (𝑀 = 2.76, 𝑆𝐷 = .95) were significantly

higher than transitional impact ratings (𝑀 = 1.20, 𝑆𝐷 = .93) with a

large effect size (𝑡 (19) = 6.57, 𝑝 < .001, dz = 1.47).

5.3 Effects on Nature Connectedness One Week
Post Study

Regarding RQ4, we investigated whether the overall VR interven-

tion impacted participants’ state NC one week after the study

(see Table 6 and Figure 9 ). While the descriptive data suggest
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(a) Sense of Presence (b) Level of Embodiment

(c) Change in INS (d) Change in CNS

Figure 6: Condition comparison of post-condition outcomes. (a) Sense of presence (possible range: 1 to 7) and (b) embodiment
(possible range: 1 to 5). (c) Inclusion of Nature in Self (ΔINS) and (d) Connectedness to Nature Scale (ΔCNS) changes (possible
range: -6 to 6). Box plots (showing the median, quartiles, and potential outliers) are overlaid on violin plots, which illustrate the
underlying data distribution via kernel density estimates. All main effects are significant, see Table 5. OT = Only Transitional,
OM = Only Multisensory.

a slight decrease in INS ratings at follow-up compared to base-

line, the Wilcoxon signed-rank test revealed no significant dif-

ference between INSbaseline and INSfollow-up. For CNS ratings, the

paired t-test showed a significant difference between CNSbaseline and

CNSfollow-up, with a medium effect size, demonstrating an increase

in CNS scores from baseline to follow-up.

5.4 Qualitative Interview Results
This subsection presents our thematic analysis on the interview

data, primarily addressing how PrePost and Modality influenced

presence, embodiment, and NC (RQ1, RQ2). Results also offer in-

sights into the impact of specific design features (RQ3). Our analysis

produced 37 final codes (printed in bold) within six main themes,

which structure this section. We begin with participants’ overall

condition preferences, followed by key insights.
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Figure 7: Boxplots showing the post-condition outcomes for each level of the independent variables, PrePost (Neutral,
Transitional) and Modality (Audiovisual, Multisensory), on presence, embodiment, ΔINS, and ΔCNS. Boxplots display medians,
quartiles, and potential outliers. Asterisks indicate significant main effects (*p < .05, **p < .01, ***p < .001), see Table 5.

5.4.1 Overall Condition Preferences. Most participants (𝑁 = 13;

P1-6, P9-10, P13, P15-16, P18-19) found the Full condition (with

Transitional and Multisensory features) most impactful, with some

highlighting its completeness, immersive quality, and combination

of sensory input with reflective elements. A few (P7, P11-12) identi-

fied the Only Transitional condition as most impactful, for example,

highlighting the actor’s performance and the darker lighting (P12).

Participants who found the Only Multisensory condition most im-

pactful (P8, P17, P20) mainly attributed this to it being the first

version they encountered (P8, P17). One participant chose the Con-
trol condition, explaining it allowed them to think more about the

“connectedness aspect” (P14).
When asked which version they liked and enjoyed most, the

vast majority (𝑁 = 17; P1–10, P12–13, P15–19) again chose the Full
condition. One participant (P11) most enjoyed the Only Transitional
and two participants (P14, P20) the Only Multisensory condition,

which they experienced third. P14 added that the second Multisen-

sory exposure helped them notice more sensory details. Nobody

said the Control condition was the version they liked most.

5.4.2 Impact of Transitions on Presence. In the first theme, the in-

terviews showed that the transitional pre- and post-VR experience

positively influenced participants’ sense of presence before, during,

and after VR, supporting our quantitative findings. Many partici-

pants (P3–4, P7–8, P10, P16–20) reported a smooth transition and
readiness for VR, facilitated by the transitional setting. For exam-

ple, P17 explained that “seeing the plants and the lights (...) felt more
natural to enter the VR experience,” making them feel “more ready”
and “more prepared”. Several (P4-5, P10, P14, P17-18) also described

a sense of stepping into another world prior to VR. P4 shared,
“once you passed through this barrier [curtain], you kind of entered
(...) a different world, and you could fully, fully embrace the situation,”
while P10 said they already felt disconnected from reality before

putting on the headset, to the extent that after entering VR, they

“didn’t notice it, that [they] had a VR headset on.” In the transitional

room, a sense of being in nature was reported by many (P1–2,

P4–5, P8, P12, P16, P18), with P5 describing a feeling of “being in a
forest or some nature place.” A few (P2, P7, P13) noted spiritual or
meditative connotations, such as P13’s description of “entering
a meditation room.” The transitional setting also helped establish
atmosphere and environmental coherence (P3, P10–14), set-

ting the mood for what was to come. Participants appreciated the

alignment between the physical space and the VR narrative and

setting. Others (P1, P3–6, P20) described a sense of heightened
presence, focus and engagement prior to VR, due to factors

like dim lighting, the actor’s performance, and entering a separate

room section. These positive effects appeared to carry over into

the VR experience itself, with several (P4–5, P10, P13, P16, P19)

reporting a heightened sense of presence in VR facilitated by

the transitional pre-VR experience. Here, P19 stated that it allowed

them to “get into the scene more quickly” and “take it all in more
from the get-go, (...) more fully experience it.” Finally, a few (P4, P17,

P19) described a smoother transition back to reality post-VR,

supported by darker lighting and natural elements. P4 described

a gradual return to reality during the mirror phase and the exit

from the transitional room back to the neutral area, whereas P15

and P18 reported an abrupt transition back to reality, with P15

noting the mirror’s disconnecting and reflection-inducing effect as

the most impactful element.

5.4.3 Impact of Transitions on Embodiment. The pre- and post-

VR transitions also shaped participants’ sense of embodiment as

a tree. Several (P1, P4–5, P7–8) described the transitional pre-VR

setting as priming and facilitating embodiment, with the actor’s
performance (P7-8), nature decoration (P1, P5), dim lighting (P1),

and sense of stepping into another world when changing rooms

(P4) making them feel like, “I will become a tree soon. It felt like I am
really transitioning” (P8). Post-VR, seeing themselves in the mirror

after HMD removal often triggered a shift from tree to human
self (P1–2, P5, P7, P16), with P16 sharing that in VR they saw

their body as a tree body, but seeing themselves in the mirror after

VR reminded them they were human again. Similarly, some (P4,
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Figure 8: Participant-reported impact ratings for specific design features, reported on the following scale: -4: Very strong
negative impact, -3: Strong negative impact, -2: Moderate negative impact, -1: Slight negative impact, 0: No impact (Neutral), 1:
Slight positive impact, 2: Moderate positive impact, 3: Strong positive impact, 4: Very strong positive impact. Box plots show
medians (black vertical lines), means (black circles), interquartile ranges (shaded boxes), and outliers (outlined circles). The
features are sorted by their means for each section. If 𝑛 ≠ 20, some participants answered “× Did not notice”.

Table 6: Descriptive statistics, Shapiro-Wilk normality tests, and paired t-tests or Wilcoxon signed-rank tests examining
NC effects between baseline and one-week follow-up questionnaire responses. For effect sizes, Cohen’s dz or rank-biserial
correlation 𝑟 are reported. Significant effects at 𝛼 = 0.05 are bolded.

Baseline Follow-up Normality Paired t-test Wilcoxon

M SD Mdn M SD Mdn W p t p 𝑑𝑧 V p r

INS 3.05 1.54 3.00 2.79 1.18 3.00 .90 .002 47.50 .510 -.22

CNS 3.72 1.03 3.69 4.20 1.25 4.54 .96 .269 -2.26 .037 .52

Note: M = Mean, SD = Standard Deviation, Mdn = Median, INS = Inclusion of Nature in Self, CNS = Connectedness to Nature
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(a) INS (b) CNS

Figure 9: Baseline and follow-up results for NC, including
(a) Inclusion of Nature in Self (INS) and (b) Connectedness
to Nature Scale (CNS) scores (possible ranges: 1 to 7). Box
plots (showing the median, quartiles, and potential outliers)
are overlaid on violin plots, which illustrate the underlying
data distribution via kernel density estimates. We found a
significant increase in CNS, but not INS.

P7, P17) noted a tree–human body symmetry, seeing parallels
between the virtual tree body (in front of them in the last virtual

scene) and their human body in the mirror, which for P4 and P17

prolonged their identification with the tree body beyond VR. For

several (P4, P6, P11, P17–18), the mirror prompted body identity
confusion and reflection, with P18 initially failing to recognise

their own face in the mirror due to being deeply immersed in the

story, not expecting to see a human being. P11 described feeling

“sad for myself, not just the tree” during the mirror phase, noting

difficulty distinguishing whether the sympathy was for the tree, for

themselves as the tree, or for themselves, blurring the line between

‘self’ (human) and ‘other’ (tree).

5.4.4 Impact of Transitions on Nature Connectedness. When specif-

ically asked whether the transitional pre- and post-VR experience

affected how connected they felt to nature, half (P2, P3, P4-5, P8,

P10, P12, P15-18) affirmed a positive impact, while many (P1, P4,

P6-7, P11, P13-14, P19) felt unaffected, and two (P9, P20) gave no

clear answer. Several (P1-2, P8, P10, P16-17) described that the

biophilic design (natural elements, plants, and ivy decoration)

enhanced their NC, with P2 feeling “a little bit more connected to
nature” when surrounded by plants. Pre-VR, a few (P5, P8, P14)

attributed increased NC to the actor’s poetry, which included

references to nature. P8 noted this fostered empathy and feeling

connected to nature earlier than in the Neutral conditions.
The post-VR experience provided an opportunity for reflection.

Several (P3, P7, P10, P15, P20) described mirror reflections on
the experience, appreciating time to “think about what I just expe-
rienced“ (P15) and to “organise my thoughts” (P7). Many (P1, P4, P8,

P10, P15, P17, P20) went deeper, engaging inmirror reflections
on nature connectedness and responsibility. For example, P10

felt the mirror “really gave me more reflection on what this means
to the real world (...), reflecting on also my own actions about the
environment.” Moreover, P1 expressed a sense of responsibility for

environmental protection enhanced by the mirror: “When I saw
myself in the mirror, it just reflected too much embarrassment in me,
because being human, I’m also responsible for every dos and don’ts,
so I think that all just connected” and “this is us who do it, nobody
else.” Apart from reflective processes, a few (P5, P17, P20) also ex-

periencedmirror-associated empathy towards nature (P5, P17)

or the tree (P20). In contrast, statements from a few participants

(P2, P14, P19) suggested a mirror/actor interference post-VR,

reporting discomfort with the mirror (e.g., P14 disliked “looking
in the mirror recently” ) or a desire for solitude after VR (P2, P19).

This may have limited opportunities for reflection and, indirectly,

reduced NC.

5.4.5 Impact of Multisensory Enhancements on Presence. Partici-
pants widely reported that multisensory enhancements heightened

their sense of presence during VR. Many (P4, P9, P11–13, P16–17,

P19) described feeling like a passive observer in audiovisual con-
ditions, like watching a movie, when multisensory stimuli were

not present. Regarding Multisensory conditions, almost all partici-

pants (P2–4, P6–19) expressed an enhanced sense of being there
in the virtual environment, with P13 calling it “the most important
part of making me feel like I was actually there.” P19 described how

“the combination of the smells, the touches, the temperature changes,
the wind” helped them forget the underlying technology and just

be “there in the moment, experiencing it.” In this context, haptics

and smells were both frequently reported. Participants mentioned

various tactile and some kinesthetic sensations that contributed to

a haptics-induced sense of being there (P2-4, P8-9, P11, P14, P16-19):

stepping onto the mat (P2, P4, P16-17), touch of leaves on their hand

(P9, P16, P18), heat (P11, P16, P19), swaying movement (P8-9, P16),

and weighted blanket (P14). Many (P3–4, P7, P13, P16, P18–19) also

reported a smell-induced sense of being there from the forest smell

during the calm nature scene and the smoke smell during nature

destruction. P18 shared, “the destruction scene went from being some-
thing that I was observing to being something that (...) was happening
around me, and I was in the environment” due to the added smell.

Most (P2–3, P6–11, P13, P16–20) also reported enhanced realism,

contributing this mostly to haptics: heat (P7–11, P16, P18, P20),

direct touch and movement (P9, P11, P16, P19–20), wind (P6, P8);

and to smells (P2-3, P6, P13). For instance, P10 noted, “the fire really
got real” with the heat, and P3 said, “the smell created the feeling
in me that it’s actually happening.” Multisensory input also led to

enhanced immersion in several participants (P7, P10, P14, P17,

P19–20), which refers to the system’s technical capabilities [65].

Moreover, some participants (P1, P3, P9, P15, P18, P20) described

presence-induced sensory errors, such as feeling wind in mo-

ments were it was not physically present (P1, P3, P9, P15, P20),

stating that this illusory wind contributed to their sense of being

there (P3, P9), or believing the real smell was imagined (P18), indi-

cating strong sensory integration. Nevertheless, many (P6–7, P11,

P14, P16, P18–19) also reported distraction or breaks in pres-
ence when multisensory stimuli briefly took attention away from

the story, caused by technical curiosity (P6, P7, P14), loss of sta-

ble footing (P6, P11, P18), or sensory mismatches (P14, P16, P19).
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Figure 10: Summary of qualitative insights from interviews on how the independent variables (transitional pre- and post-VR
experience, multisensory enhancements) influenced presence, embodiment and nature connectedness.

Although such breaks are generally undesirable, two participants

suggested a potential benefit of slight distraction: reduced focus
on audiovisual details (P7, P10) in Multisensory conditions, with

P10 noting that “some flaws [in graphics] could definitely be made
up for with more sensations.”

5.4.6 Impact of Multisensory Enhancements on Embodiment. Mul-

tisensory enhancements strongly shaped participants’ sense of

embodying the tree. Most (P1, P3-11, P15, P17-18) reported iden-
tification with the tree, with P8 describing “you really feel like
you’re the one who’s burning, and you’re the tree (...) who is really
ruined” (P8). P4 reflected on the combined effect of the additional

weight, smells, being rocked around, and holding real branches,

with which, “I really became the tree, kind of. I embraced being a
tree.” Many (P1, P5, P10, P12-13, P15, P17, P19-20) described a sense

of body ownership over (parts of) the tree body, for example, sup-

ported by tactile cues, mobility restriction, and swaying movement.

P12 noted, “I really liked the idea of swaying, it really felt that I am
a part of the tree.”

Next, we will identify the types of stimuli that contributed to

participants’ sense of embodiment. Half of participants (P3-6, P9-

10, P12, P17, P19-20) emphasised applied weight and mobility
restriction as especially effective. The weighted blanket around

participants’ hips made them feel restricted in their movements

(P3-5, P9-10, P12, P17, P19), “heavy” (P3-5), “grounded” (P4, P6),

and “connected to the roots” (P9), helping them feel like a tree. The

first time the weighted blanket went on, P19 felt like, “oh, I just
became the tree.” Similarly, half (P1-2, P4-5, P7, P9, P11, P15, P17-18)

highlighted tactile sensations as supporting embodiment: leaves

touching the hand (P2, P5, P11, P15), holding branches (P1, P4, P7,

P17), and heat (P9, P18). Many (P4-5, P7, P12-13, P15, P20) also

expressed thatmovement helped them embody the tree, especially

the swaying movement applied to the participants, with P15 shar-

ing, “swaying back and forth (...) I felt like I was actually a tree, in
like a split second of pulling.” However, two (P2, P18) experienced
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movement-related embodiment disruption when the motion

felt inconsistent with being a tree, for example, when P18 had to ad-

just their stance. Finally, two participants (P4, P8) described smell
as reinforcing embodiment, with P8 using first-person framing

(“smelling myself” ) when referring to the pine scent.

5.4.7 Impact of Multisensory Enhancements on Nature Connected-
ness. Almost all participants (P1, P3–10, P12–13, P15–20) reported

that multisensory features enhanced their NC. The most frequently

mentioned stimuli enhancing their connection were tactile sensa-
tions (P2–3, P5, P7, P9–11, P16–18, P20), including heat (P5, P11,
P16, P18), holding branches (P7, P10, P20), leaves touching the hand

(P9, P11, P20), stepping on the mat (P2, P17), and wind (P3, P9). For

instance, P20 noted, “this brush of leaves reminded me that I’m closer
to nature.” A few also highlighted kinesthetic sensations (P2, P5,
P9, P17), such as the restrictive weight of the blanket (P17) which

P5 interpreted as a “metaphoric symbol (...) for the responsibility
of the human”, or the swaying (P2, P9). When being swayed from

side to side, P9 was “able to connect to the other trees, like other
trees were also swaying.” Several (P3, P5, P7, P13, P16) also reported

that smell helped them feel connected to nature, especially the

pine/forest scent in the calm nature scene (P7, P13). Moreover, for

P5, the combination of senses seemed to have evoked a complete

overlap between self and nature: “But with this experience, for ex-
ample, with the touch, smell, and heat on my face, I felt like I am the
nature. I don’t come from the nature. I am the nature.”

Facilitated by the multisensory stimuli, many (P4–5, P8–9, P16,

P18) also described enhanced empathy towards nature, directed
towards trees (P4, P16, P18), plants and birds (P4), or nature in

general (P5, P16). For example, P18 explained, “after feeling like
a tree, then yeah, I wouldn’t want trees to get hurt.” Additionally,

P5, who described themselves as selfish and usually not empathic,

reported a profound emotional impact, feeling as if they were the

one on fire and unable to escape during the experience, sharing, “If
you can just affect me as a person who never [has] empathy, maybe
it’s useful for everyone.”

6 Discussion
In a mixed-methods approach, we investigated how pre- and post-

VR transitions andmultisensory stimuli during VR influenced partic-

ipants’ sense of presence, embodiment, andNC in a tree-embodiment

experience. Structured around our research questions, we now dis-

cuss our quantitative and qualitative findings in relation to prior

work, outline design recommendations, and conclude with limita-

tions and directions for future research.

Overall, framed within the transformational framework for VR

experiences [75, 76], our results demonstrate that both transitional

and multisensory design factors supported a ‘cognitive shift’ in

participants, manifested as a significantly higher increase in NC in

Transitional and Multisensory conditions. This finding contributes

to the limited body of research on the potential of VR-based nature

embodiment to promote NC [1, 39, 68, 70]. It contradicts previous

findings from Spangenberger et al. [68], who found no benefit of

multisensory stimuli during tree embodiment, and extends prior

work by proposing real-world transitions as a novel design tech-

nique that significantly enhanced nature embodiment. As such,

our study serves as an extension of prior research on embodying

natural entities and, specifically, trees in VR. In this context, prior

work [68–70] has typically used the same fixed “Tree” VR appli-

cation (see Section 2.3). Our study extends this line of research

by introducing an alternative, customisable VR application that

also affords tree embodiment, thereby offering higher flexibility for

experimental adaptation and strengthening the generalisability of

findings within nature embodiment research.

Importantly, we found no significant interaction effects across

any dependent variable, which means that pre-/post-VR transitions

and multisensory enhancements operated independently. This sug-

gests that designers can flexibly employ either element to enhance

outcomes, while combining them may offer cumulative but not

interdependent benefits.

6.1 RQ1: Pre- and Post-VR Transitions Increase
Presence, Embodiment, and Nature
Connectedness

Our findings indicate that pre- and post-VR transitions significantly

enhanced participants’ sense of presence, embodiment, and NC.

Presence ratings were significantly higher when the experience

included transitional pre- and post-VR phases as opposed to neu-

tral entries and exits, which is in line with prior work on gradual

transitions enhancing presence via virtual transitional environ-

ments [29, 74, 80]. This study may be the first to offer quantitative

evidence supporting the presence-boosting effect of real-world

transitional elements, building upon preliminary qualitative find-

ings from Kitson et al. [34] regarding the importance of designing

‘set and setting’ before and after VR sessions. Qualitative analysis

further supports our results. Many participants indicated that the

pre-VR experience played a key role in fostering presence. Most

notably, the pre-VR setting led to a smoother transition into VR,

more openness and readiness for VR, and heightened focus and

presence prior to VR, which also carried over into VR, resulting in

enhanced presence during the VR experience. Moreover, the transi-

tional pre-VR design established the atmosphere and environmental

coherence of the virtual environment, supporting recommendations

in prior work on designing for continuity between real and virtual

world for the best user experience [5, 34].

Design recommendation. Enhance presence by attending to

users’ pre-VR state of mind. Creating a calming and engaging en-

try space that users walk into, using suitable lighting, sound, and

decoration coherent with the virtual world, can support mental

readiness and a smoother transition into VR.

The pre- and post-VR transitions also significantly enhanced

embodiment, which was somewhat supported by our thematic anal-

ysis, showing that the transitional pre-VR setting, including the

actor’s ritual and nature decoration, primed the tree embodiment,

helping participants to transition into the tree body. To our knowl-

edge, this is the first study to examine the pre- and post-VR setting

in the context of nature embodiment, which may indicate the po-

tential of coherent storytelling and foreshadowing design elements

in the physical space in increasing readiness to take on an alterna-

tive body. Furthermore, seeing their reflection in a mirror after VR

helped participants transition back to their human selves. At the

same time, the tree-human body symmetry evoked by the mirror
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resulted in a prolonged identification with the tree body in some

participants, extending into the post-VR phase, even beyond VR.

Design recommendation. Enhance nature embodiment with

pre-VR rituals and foreshadowing elements, preparing users for the

transition. Post-VR cues, such as mirrors, can aid in re-grounding

users in their human body.

The transitions significantly enhanced participants’ NC, which

was reinforced by the qualitative responses, with several partici-

pants noting that the nature-focused decoration in the pre- and

post-VR setting contributed to their heightened connection to na-

ture, aligning with the expected positive effects of biophilic de-

sign [27, 30] and foreshadowing elements [34]. The interviews

also revealed strong evidence that seeing themselves in the mir-

ror during the post-VR experience offered a powerful moment for

reflection. This prompted many participants to contemplate their

connection to nature, humanity’s responsibility in environmental

protection, and, in some cases, their own environmental actions.

As suggested in Benford et al.’s trajectories framework [5], our

transitional post-VR ending successfully supported reflection and

discussion with the actor. This aligns with prior work showing that

pairing a 360° VR tree-perspective experience with a post-VR reflec-

tion activity elicited empathic reflections [24]. Nevertheless, a few

participants found the mirror or the actor’s presence distracting or

disruptive, highlighting the subjective nature of post-VR reflection

and pointing to opportunities to explore alternative social settings.

Design recommendation. Enhance nature connectedness by
incorporating biophilic design in the physical setting and providing

opportunities for post-VR reflection, for example, through mirrors

and guided conversations, while allowing some flexibility for dif-

ferent user preferences.

To our knowledge, these findings contribute the first empirical

evidence that transitional pre- and post-VR settings may provide

measurable benefits in fostering NC and embodiment, and the first

statistical evidence in supporting presence, thereby extending prior

findings from a qualitative case study [34].

6.2 RQ2: Multisensory Enhancements Increase
Presence, Embodiment, and Nature
Connectedness

Similarly, our results suggest that multisensory stimuli, encom-

passing carefully selected haptic and olfactory cues that match the

environment and narrative, significantly enhanced participants’

sense of presence, embodiment, and NC. These results diverge from

Spangenberger et al. [68], who recently did not find benefits of

multisensory enhancements on presence or NC during tree embod-

iment in VR. We speculate this discrepancy may be due to a higher

variety and dynamics in our haptic stimuli. Our design included

various types of haptic enhancements that were not present in

Spangenberger et al. [68], including thermoception, aerodynamics,

standing on a texturedmat, touch of leaves, holding tree branches in-

stead of controllers, kinesthetic swaying motion, and weight (large,

weighted blanket around participants’ hips and legs vs. small ankle

weights in [68]). In particular, the infrared heat used in our study

was rated as overall most impactful by our participants, while Span-

genberger et al. [68] did not incorporate thermoception. Moreover,

while Spangenberger et al. incorporated stable tactile props worn

by the participants, which did not seem to change throughout the

experience, our more dynamic stimuli (i.e., swaying motion be-

coming stronger and more hostile over time; heat and wind added

only during the intense destruction scene; and weighted blanket

removed in the exact moment the tree embodiment stopped) may

have contributed to our observed benefits.

The sense of presence was significantly higher in Multisensory
conditions compared to Audiovisual conditions, consistent with
most prior VR research [43]. Participants described a stronger sense

of “being there” and greater realism, to which both haptic and olfac-

tory stimuli contributed. Interviews revealed that heat in particular

enhanced perceived realism (in line with previous work [26, 81]),

while especially olfactory and tactile stimuli (e.g., stepping onto the

textured mat, feeling leaves touch their hands) further reinforced

the sense of being there in the forest, in line with prior studies [43].

At the same time, the additional sensory stimuli occasionally intro-

duced short moments of distraction in several participants, which

may have caused brief breaks in presence [63], drawing attention

away from the virtual world. This may reflect the increased cogni-

tive load that can come with multisensory input [19], as well as the

potential for haptic feedback to be experienced as disturbing [79].

While our design aimed for close synchrony between multisensory

cues and the virtual scene (e.g., heat coinciding with the fire; touch

of leaves in sync with visual leaves), it remains possible that some

of the reported distractions were related to subtle mismatches, as

incongruent or mistimed stimuli are known to disrupt presence

and embodiment [7, 60].

Design recommendation. Enhance presencewith synchronous
multisensory stimuli (especially olfactory, tactile, and thermal cues),

while avoiding overstimulation or sensory mismatches that may

risk distraction.

Regarding embodiment of the tree, our findings indicate that

participants not only mentally adopted the perspective of a tree,

as observed in prior work by Spangenberger et al. [69], but many

reported that they truly “became the tree” when multisensory stim-

uli were present. Our quantitative and qualitative data suggest that

multisensory enhancements had the strongest impact on embodi-

ment, aligning with research on the role of visual-tactile stimulation

in supporting virtual body ownership [17, 20]. In Multisensory con-

ditions, participants described a strong sense of body ownership

over (parts of) the tree, feeling as if they were “actually a tree” (P15)
and, in several cases, a profound identification with the tree. Types

of stimuli most often cited as impactful were: (i) weighted blanket,

which applied weight and restricted mobility; (ii) tactile sensations,

particularly touch of leaves, holding branches, and heat, and (iii)

the side-to-side swaying motion, which was perceived as the tree

moving in the wind. Together, these dynamic haptic cues enabled

participants not only to imagine but to physically experience being

a tree. In summary, both tactile and kinesthetic haptics emerged

as central to fostering nature embodiment, while olfactory cues

played a minor role.

Design recommendation. Enhance nature embodiment with a

combination of tactile and kinesthetic haptics, enabling sensations

of texture, weight, posture, and movement associated with the

embodied entity.
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Multisensory enhancements also led to significantly stronger

increases in NC, which we expected based on prior work link-

ing presence, embodiment, and NC [1, 68]. Several participants

reported enhanced empathy towards trees and nature, indicating

emotional depth added through sensory engagement. One partici-

pant expressed a complete overlap in their ‘inclusion of nature in

self’: “(...) with the touch, smell, and heat on my face, I felt like I am
the nature. I don’t come from the nature. I am the nature.“ (P5). This
aligns with questionnaire responses, which showed a significantly

higher increase in INS scores when multisensory enhancements

were present. In contrast to Spangenberger et al. [68], who found

no additional NC benefits from tactile and olfactory enhancements

during tree embodiment, our qualitative findings suggest that tactile

sensations were especially effective in enhancing NC, in particular

heat, touch of leaves, and holding branches, which are elements

not incorporated in Spangenberger et al.’s study.

Design recommendation. Enhance nature connectedness with
nature-themed tactile sensations and thermoception.

6.3 RQ3: Impact of Specific Design Features
This study also investigated the impact of specific design features in

both the Transitional andMultisensory conditions, building on prior

research on nature embodiment (see Section 2.3). All individual

design features (grouped by transitional, multisensory, and overar-

ching) were rated positively by participants, though their perceived

impact varied in strength. Among the transitional pre- and post-VR

features, dimmed lighting, background music, and nature decora-

tion were rated as most impactful. These elements require relatively

little effort, though they depend on a physical setting, making them

particularly suited to in-person studies, museum installations or

educational contexts, rather than standalone consumer VR appli-

cations. The effects of the actor’s presence and the post-VR mirror

with reflective questioning were less clear: while interviews re-

vealed that these elements often triggered meaningful reflection,

in line with prior recommendations [5], some participants expe-

rienced discomfort, which likely contributed to the variability in

impact ratings of these features. As actor-based elements require

extensive preparation and limit scalability, their benefits may not

always justify the resources, though they may be more feasible

in long-term museum or art installations. Therefore, future user

studies could build upon our design and explore self-directed or

AI-supported reflective spaces during the post-VR phase.

Multisensory features were overall rated as more impactful than

transitional ones. Descriptive data showed heat and wind as the

highest-rated stimuli, reinforcing interview reports of their role in

enhancing presence and NC, consistent with prior evidence that

thermal and aerodynamic cues increase presence [26, 81]. As heat

lamps can be easily automated, as in this study, thermal stimulation

offers a low-effort, high-impact design choice for VR. Wind, while

salient, was less frequently remembered in interviews, suggesting

its influence may be subtle. While manually applied airflow allowed

precise and dynamic control, it also limits scalability, which is why

future work could instead employ automated fans [26]. Other haptic

(weighted blanket, leaves, branches, mat) and olfactory stimuli (for-

est, smoke) were also positively rated, with the weighted blanket

most often highlighted in interviews for supporting tree embodi-

ment, which supports and extends prior work that relied on subtler

ankle weights [68].

Finally, regarding the overarching VR application, auditory de-

sign (i.e., in-VR environmental sounds, music, and narration) re-

ceived the highest impact ratings, surpassing graphics and tree

embodiment. This aligns with a recent review emphasising the

power of audio to influence affective, cognitive, and motivational

outcomes in VR [6].

Design recommendations. (1) For pre- and post-VR transi-

tions, prioritise accessible, low-effort elements such as lighting,

music, and appropriate decoration in the physical environment,

and provide opportunities for post-VR reflection. (2) During VR,

enhance the embodied nature experience with thermal, aerody-

namic, and weight stimulation, employing automated delivery (e.g.,

heat lamps, fans) to increase scalability and reduce experimental ef-

fort. (3) Leverage in-VR sound design as a high-impact and scalable

means of supporting embodied VR experiences.

6.4 RQ4: Sustained Emotional Bonds to Nature
One Week Post Study

Our results may indicate that the overall VR intervention led to

sustained positive effects on CNS. While INS scores (reflecting

the cognitive dimension of NC [56]) returned to baseline levels at

follow-up one week after the study, scores on the multi-item CNS

scale (reflecting the affective-experiential dimension of NC [41])

were significantly higher at follow-up compared to baseline, which

may suggest a sustained emotional bond to nature. Similar to our

findings, Ahn et al. [1] found that coral embodiment in VR briefly

increased INS compared to video (approaching significance), but

this effect further weakened one week later. Their results mirror the

pattern we observed on the INS scale, overall suggesting that VR’s

influence on the cognitive dimension of NC might be short-lived,

while extending prior work by showing for the first time that virtual

nature embodiment may produce increases in affective-experiential

NC (CNS) that last for at least one week. Moreover, this echoes

findings from a meta-analysis showing that VR experiences tend to

enhance emotional, but not cognitive empathy towards others [40].

6.5 Limitations & Future Work
While our study offers novel insights into transitional and multi-

sensory design in VR for NC, some limitations exist that should be

acknowledged. The interactive and human-led nature of parts of

the experience may have introduced slight variability across con-

ditions, and the physical setup limits scalability. Although partici-

pants varied in prior VR experience and concern for environmental

problems, the sample consisted primarily of students living in Ger-

many; caution is therefore warranted when generalising to broader

populations. Condition order may have influenced participants’

experiences and preferences, though counterbalancing was used to

reduce this effect. In a few cases, minor technical problems due to

HMD connectivity issues in the dimly lit room caused short delays

during the pre-VR experience. Due to the exploratory nature of this

study, individual differences such as trait CNS were not controlled

for in our analysis and may have introduced confounding effects,

which should be addressed in future work. Furthermore, due to our
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within-subject design, it was not possible to compare the one-week

follow-up data across the four conditions. Therefore, it remains

unclear whether the sustained positive effects on emotional NC

were attributable to the transitional or multisensory designs, or to

the overall study experience. In future work, longer-term effects

could be examined in a between-subjects design. Moreover, the

experience occasionally elicited strong emotional reactions, under-

scoring both the transformative potential of the design and the

importance of sensitive facilitation.

While outside the scope of this paper, several promising direc-

tions emerge. Future studies could evaluate lower-effort, scalable

alternatives, such as video or avatar-based guidance replacing the

live actor and more automated delivery of multisensory cues. To fur-

ther advance the transitional experience, future designsmay include

XR passthrough as an additional transition phase, richer biophilic

design with dynamic nature projections, or even situating the expe-

rience in real-world natural settings. Beyond NC, future research

should examine whether I Am a Tree fosters pro-environmental be-

haviours, the final stage of the transformational framework [75, 76],

ideally through repeated exposure and long-term follow-ups. Com-

plementing self-report with behavioural, implicit, or physiological

measures could provide a richer understanding of its impact. In

addition, personalisation may further enhance the experience, for

example, by combining physiological sensing with AI-driven adap-

tation to adjust stimulus intensity to users’ stress levels. Finally,

extending embodiment to other natural entities and environments

(e.g., urban green spaces, glaciers, or oceans) could test the broader

applicability of our transitional and multisensory design. Further-

more, we speculate that our findings may have relevance beyond

virtual nature embodiment. The design recommendations around

pre- and post-VR transitions, as well as the targeted use of multi-

sensory stimuli, may also inform broader HCI domains concerned

with embodied or emotionally-engaging experiences, not limited to

VR. In particular, the potential benefits of mentally preparing users

for an embodied experience, designing the physical setting, and

promoting reflection afterwards may extend beyond environmental

applications and VR design, offering promising directions for future

HCI research on multisensory and holistic interaction design.

7 Conclusion
In this work, we investigated the impact of transitional design

elements before and after VR and multisensory stimuli during a

VR tree experience. We developed I Am a Tree, a transformative

VR experience that enables users to embody a tree and witness

environmental destruction from nature’s perspective. Through a

mixed-methods approach (𝑁 = 20), we showed that transitional

pre- and post-VR experiences and multisensory enhancements both

significantly increased presence, embodiment, and nature connect-

edness, extending prior research on VR-based nature embodiment.

To our knowledge, this is the first study on nature embodiment to in-

tegrate (i) transitional pre- and post-VR elements, (ii) a diverse range

of multisensory stimuli, and (iii) in-depth qualitative interviews,

providing a more comprehensive understanding of participants’

subjective experiences. Our findings further indicate that lighting,

music, and biophilic design emerged as particularly impactful in

the pre- and post-VR setting, while heat, wind, and weight stimuli

seemed to be the most influential multisensory stimuli. Moreover,

affective-experiential nature connectedness was still elevated one

week later, which may suggest sustained emotional effects of the

overall study experience. Future work can build on our findings

using a between-subject design to identify which elements of the

design may contribute to these lasting effects on connectedness.

Together, our findings highlight the potential value of a holistic

approach to VR design that considers users’ state of mind and real-

world experiences before, during, and after VR; an aspect largely

underexplored in VR and HCI research. We offer novel insights on

how designers and HCI researchers can maximise presence, embod-

iment, and nature connectedness in nature-focused VR experiences,

as well as more broadly in holistic experience design. We showed

that VR’s highly immersive and perspective-taking capabilities offer

compelling opportunities for creating transformative experiences

that can guide users towards a more connected and sustainable

relationship with nature.

Looking ahead, future work should examine longer-term be-

havioural outcomes and explore how the experience can be scaled

and adapted for broader use in environmental education, public

engagement, and climate communication. Additionally, the demon-

strated value of transitional and multisensory elements may inform

the design of transformative VR experiences beyond the nature do-

main, with relevance for empathy-building, museum installations,

immersive storytelling, and other contexts where emotional and

embodied engagement are essential.
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