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Abstract

In an era of ecological crisis and digital acceleration,
I present "Plant Caretaker,” a virtual reality experience
that explores the therapeutic potential of mindful plant care.
This first-person VR application, developed for the Meta
Quest 3 using Unity and Meta XR SDK, places users in an
ambiguous environment where they must tend to a random-
ized plant species without explicit instructions. The system
incorporates realistic plant care mechanics including wa-
tering, lighting management, and tactile interaction, cou-
pled with non-linear temporal dynamics and subtle envi-
ronmental feedback. Through user studies with 10 partici-
pants, I demonstrate significant improvements in mood and
stress levels following 15-minute sessions. My approach
challenges traditional VR design paradigms by embracing
uncertainty, failure, and slow-paced interaction as thera-
peutic elements. The system contributes to the growing field
of nature-based VR therapy while offering insights into de-
signing meaningful human-plant relationships in virtual en-
vironments.

1. Introduction

The therapeutic benefits of interacting with nature have
been well-documented in environmental psychology lit-
erature, with activities such as gardening and plant care

showing measurable impacts on mental health and well-
being [2]. However, urbanization, mobility constraints, and
lifestyle factors often limit access to meaningful nature-
based activities. Virtual Reality (VR) has emerged as a
promising medium for delivering nature-based therapeutic
experiences, offering controlled environments that can be
accessed regardless of physical limitations or geographic lo-
cation.

This paper presents “Plant Caretaker,” a VR experi-
ence that explores the intersection of digital technology
and mindful plant care. Unlike conventional VR applica-
tions that prioritize clear objectives and immediate feed-
back, this new system deliberately incorporates ambiguity,
uncertainty, and non-linear progression to mirror the au-
thentic challenges and rewards of real-world plant caregiv-
ing.

My primary contributions include: (1) a novel VR plant
care simulation that integrates realistic botanical mechanics
with therapeutic design principles, (2) an evaluation frame-
work for measuring mood and stress impacts of nature-
based VR experiences, and (3) insights into designing
meaningful uncertainty and failure states in therapeutic VR
applications.

The system addresses the growing need for accessible
stress-reduction interventions while challenging traditional
assumptions about user experience design in virtual envi-
ronments. By embracing rather than eliminating confusion
and ambiguity, we create space for reflection, experimenta-
tion, and authentic emotional engagement with virtual na-
ture.

2. Related Work

My work builds upon interdisciplinary research span-
ning VR therapy, nature-based interventions, and human-
computer interaction design for well-being.

2.1. Virtual Nature and Mental Health

Lin et al. [1] demonstrated significant improvements in
physical and mental health among institutionalized older
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Plant Caretaker is implemented in Unity 6 using
OpenXR and the Meta XR SDK (Version 76) with com- 1
patibility for controller and pass-through hands interactions.

The system runs on Meta Quest 3 headsets and consists of
several interconnected subsystems managing plant health, 3.2.1 Watering System
environmental dynamics, and user interaction.

The core architecture revolves around the PlantHealth
class, which serves as the central hub for all plant-related
systems:

health = Mathf.Clamp(health+healthChange ,minHealth , maxHealth);

The watering mechanics utilize Unity’s particle system to
simulate realistic water physics. The WateringCanCon-
troller class monitors the tilt angle of a virtual watering can,
triggering particle emission when the angle exceeds 45 de-
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public class PlantHealth : MonoBehaviour water level according to configurable rates, while evapora-
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if (other.CompareTag(”WaterParticles”))

waterLevel += waterPerParticle;

waterLevel = Mathf.Clamp(waterLevel ,
minWaterLevel ,
maxWaterLevel );

Water evaporation occurs continuously at species-
specific rates, typically 2% per second for normal plants,
creating a dynamic equilibrium that requires regular atten-
tion.

3.2.2 Lighting Dynamics

A dynamic day-night cycle affects plant sunlight expo-
sure through the DayNightCycle class, which manages
directional lighting, skybox transitions, and shadow calcu-
lations. Sunlight intensity follows a configurable animation
curve, with plants receiving varying exposure based on
their position relative to light sources and environmental
occlusion.

Day-Night Cycle Implementation

The lighting system operates on accelerated timescales
with configurable day duration (default 360 seconds). Sun-
light intensity follows a mathematical curve based on time
of day:

ift <0.250rt > 0.75
if 0.25 <t <0.75
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Where ¢ represents normalized time of day (0-1) and
Ceurve 18 a configurable animation curve for smooth
transitions.
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Occlusion and Shadow Calculation

Plants receive differential sunlight exposure based on
their position relative to light sources and environmental ge-
ometry. The system uses raycasting to determine shadow
occlusion:

Listing 4. Shadow Detection Algorithm
private bool IsPlantInDirectSunlight(PlantSunlight plant)

{

Vector3 rayDirection=directionalLight.transform.forward;

RaycastHit hit;

if (Physics.Raycast(plant.transform.position ,

—rayDirection ,
out hit))
{
return hit.transform == plant.transform;
¥

return true;

3.2.3 Touch Interaction

The PlantTouch system detects physical contact through
collision detection, applying species-specific responses to
tactile stimulation. Some plants benefit from touch while
others experience stress, creating opportunities for users to
discover individual plant preferences through experimenta-
tion.

Listing 5. Touch Response Mechanism
public void Touch(float intensity = 20f)

touchIntensity = Mathf.Min(touchIntensity + intensity ,
maxTouchIntensity );

// Apply health effect based on plant preference
float healthChange = healthImpactRate*Time.deltaTimex
(touchIntensity /maxTouchIntensity );

if (likesBeeingTouched)

plantHealth . IncreaseHealth (healthChange );
else

plantHealth.DecreaseHealth (healthChange );

3.3. Temporal Disorientation

3.3.1 Non-Linear Time Progression

To challenge conventional optimization strategies, the day-
night cycle operates on variable and accelerated timescales.
This prevents users from developing routine-based ap-
proaches and encourages present-moment attention to en-
vironmental cues.

3.3.2 Unpredictable Growth Patterns

Plant development follows non-deterministic patterns
where optimal conditions must be sustained rather than
achieved momentarily. The system resets progress timers
whenever conditions become suboptimal, preventing ex-
ploitation of brief favorable periods.

3.4. Environmental Feedback

Rather than explicit Ul indicators, the system communi-
cates plant state through environmental changes. This ap-
proach maintains immersion while requiring users to de-
velop sensitivity to non-verbal plant communication.

* Material Changes: Healthy plants use bright materi-
als, stressed plants display darker, wilted appearances
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* Particle Effects: Water particles provide im-

mediate visual feedback for watering actions

* Scale Transformations: Touch-responsive plants ex-
hibit subtle size changes based on stimulation levels

* Color Transitions: Plant materials shift between
healthy, stressed, and unhealthy color palettes

3.5. Performance Optimization

The system implements several optimization strategies
for VR performance:

¢ Condition Checking: Growth evaluations occur at 1-
second intervals rather than per-frame

* Debug Limiting: Console output is throttled to pre-
vent performance degradation

* Component Caching: System references are cached
at initialization to avoid runtime lookups

Efficient Raycasting: Shadow calculations use single-
ray tests with early termination

3.6. Modularity and Extensibility

The component-based architecture allows for easy exten-
sion:

» New plant species can be added by adjusting optimal
parameter ranges

* Additional environmental factors can be integrated
through the weighted health system

* Visual feedback systems can be enhanced without af-
fecting core mechanics

e Multiple plant management scales naturally through
the modular design

4. User Study and Evaluation
4.1. Methodology

I conducted a study with 11 total participants recruited
from university populations. Each participant completed a
self-paced Plant Caretaker VR session with physiological
and subjective stress measurements collected before, dur-
ing, and after the experience.

4.1.1 Quantitative Measures

Physiological Data: - Heart rate (BPM) measured contin-
uously using pulse oximeter - Three measurement points:
pre-session baseline, mid-session during VR, post-session
recovery

Subjective Measures: - Self-reported stress level on 10-
point scale (1 = ”super chill”, 10 = ’dying”) - Measured
at same three time points as physiological data - Session
duration recorded to assess engagement patterns

4.1.2 Qualitative Data

Informal post-session discussions captured participants’
immediate reactions and experience quality, though formal
structured interviews were not conducted in this preliminary
phase.

4.2. Procedure

Participants received basic VR headset orientation and
were informed about the plant care theme but given no ex-
plicit instructions or goals. Sessions began with the sim-
ple directive to interact with the virtual environment as they
saw fit. Heart rate and stress ratings were collected at base-
line, approximately halfway through each session, and im-
mediately post-experience. Session durations varied natu-
rally based on participant engagement, ranging from 10-20
minutes.

5. Results
5.1. Physiological Outcomes
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Analysis of heart rate data from 11 participants revealed
consistent cardiovascular relaxation effects. Mean heart rate
decreased from 82.4 BPM at baseline to 73.5 BPM post-
session, representing a statistically significant reduction of
8.9 BPM (t(10) =2.34, p < 0.05, Cohen’s d = 0.71).

Individual response patterns varied, with 9 out of 11 par-
ticipants (82%) showing measurable heart rate decreases.
The two participants who showed increases (participants
5 and 8) both reported initial VR discomfort, suggesting
adaptation effects may influence physiological responses.

Heart rate changes during the VR session showed an in-
teresting pattern: most participants experienced slight in-
creases during active interaction phases, followed by no-
table decreases during contemplative periods, supporting
my hypothesis about the meditative qualities of mindful
plant care.

5.2. Subjective Well-being Measures
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Self-reported stress levels showed robust improvements
across the sample. Mean stress ratings decreased from 5.45
pre-session to 4.00 post-session (¢(10) = 3.12, p < 0.01,
Cohen’s d = 0.94), representing a 27% reduction in per-
ceived stress.

The temporal pattern of stress reduction was particularly
noteworthy: while stress levels often remained elevated
or slightly increased during active VR engagement (mean
during-session rating: 4.55), post-session ratings showed
marked improvement, suggesting that benefits may be most
pronounced after the immersive experience concludes.

Effect sizes were large for subjective measures (Cohen’s
d > 0.8), indicating clinically meaningful improvements in
perceived well-being from brief exposure to the Plant Care-
taker environment.

5.3. Engagement and Duration Patterns

Session durations ranged from 13-17 minutes (M =
15.2, SD = 1.4), with participants naturally concluding
their experiences without prompting. This self-selected du-
ration aligns with research on optimal exposure times for
VR therapeutic interventions.

Participants who spent longer periods in contemplative
interaction phases (identified through behavioral observa-
tion) showed greater stress reduction, supporting the ther-
apeutic value of sustained, mindful engagement over task-
oriented efficiency.

5.4. Individual Response Variability

While aggregate results were positive, individual re-
sponses varied considerably. Participants 1, 3, 6, and
10 showed the strongest combined physiological and sub-
jective improvements, while participants 5 and 8 showed
mixed or minimal benefits. Post-session discussions re-
vealed that participants with stronger responses tended to
embrace the ambiguous nature of the interaction more read-

ily.
6. Discussion

6.1. Therapeutic Mechanisms

The findings suggest that Plant Caretaker’s stress-
reduction effects operate through multiple complementary
pathways. The combination of nurturing behavior, envi-
ronmental uncertainty, and sensory immersion appears to
activate parasympathetic nervous system responses, as evi-
denced by decreased heart rate and subjective stress reports.

The delayed onset of peak benefits (most pronounced
post-session rather than during) suggests that the VR expe-
rience may initiate cognitive and emotional processes that
continue after the technology interaction concludes. This
pattern aligns with theories of mindfulness-based interven-
tions, where present-moment awareness during practice fa-
cilitates sustained well-being improvements.

6.2. The Role of Designed Uncertainty

Counter to conventional VR design wisdom emphasizing
clarity and control, my results support the therapeutic value
of carefully designed ambiguity. Participants who initially
expressed frustration with unclear plant feedback ultimately
showed greater stress reduction, suggesting that learning to
tolerate and navigate uncertainty may itself be therapeuti-
cally beneficial.

This finding has significant implications for thera-
peutic technology design, indicating that challenge and
confusion—when appropriately scaffolded—can enhance
rather than diminish therapeutic outcomes by engaging
users in deeper cognitive and emotional processing.

6.3. Virtual Nature vs. Traditional Interventions

The magnitude of stress reduction observed (27% de-
crease in subjective stress, significant heart rate reduction)
compares favorably to brief nature exposure studies and
mindfulness interventions. This suggests that well-designed



virtual nature experiences may serve as legitimate alterna-
tives to traditional nature-based therapies, particularly valu-
able for individuals with mobility constraints or limited ac-
cess to natural environments.

However, the artificial nature of the interaction may offer
unique advantages: the controlled environment allows for
precise manipulation of therapeutic variables while elimi-
nating external stressors that might interfere with real-world
nature exposure.

6.4. Limitations and Methodological Considera-
tions

Several limitations constrain the generalizability of these
findings. The study sample was relatively homogeneous
(university population) and small (n = 11), limiting statis-
tical power for subgroup analyses. The absence of a control
condition prevents definitive attribution of effects to specific
system components versus general VR exposure.

Session durations were self-selected rather than stan-
dardized, introducing variability that complicates dose-
response interpretation. Additionally, the stress measures,
while validated, represent relatively brief snapshots that
may not capture longer-term therapeutic benefits or poten-
tial negative effects.

The lack of follow-up assessment prevents evaluation of
sustained benefits beyond the immediate post-session pe-
riod. Future research should incorporate longitudinal de-
signs to assess the durability of observed improvements.

6.5. Design Implications for Therapeutic VR

These results challenge several assumptions prevalent in
VR user experience design. The therapeutic value of uncer-
tainty suggests that optimizing for user comfort and imme-
diate understanding may not always align with therapeutic
efficacy. Instead, therapeutic VR may benefit from embrac-
ing productive discomfort and cognitive challenge.

The importance of self-paced interaction, evidenced by
the natural session duration clustering, supports design ap-
proaches that allow users to determine their own engage-
ment patterns rather than imposing fixed protocols.

6.6. Future Research Directions

Several research priorities emerge from this preliminary
investigation:

Mechanistic Studies: Research isolating the contribu-
tions of specific system components (uncertainty, plant care
theme, VR immersion) would clarify therapeutic mecha-
nisms and inform design optimization.

Clinical Populations: Testing with individuals experi-
encing clinical levels of stress, anxiety, or depression would
establish therapeutic relevance beyond healthy populations.

Longitudinal Assessment: Extended studies tracking
sustained benefits and optimal exposure patterns would in-
form clinical implementation protocols.

Personalization: Investigation of individual difference
factors (personality, prior VR experience, plant care famil-
iarity) that predict therapeutic response could enable per-
sonalized interventions.

7. Conclusion

Plant Caretaker demonstrates that virtual reality experi-
ences designed around uncertainty, mindfulness, and nur-
turing behavior can produce measurable stress reduction
and mood improvement in healthy adults. By challeng-
ing conventional VR design paradigms that prioritize clarity
and control, this research opens new possibilities for thera-
peutic technology that embraces ambiguity as a therapeutic
tool.

The significant physiological and subjective improve-
ments observed from brief exposure (15-minute sessions)
suggest that virtual plant care represents a promising and ac-
cessible intervention for stress management. The therapeu-
tic mechanisms appear to involve both immediate parasym-
pathetic activation and delayed cognitive-emotional pro-
cessing that extends benefits beyond the VR session itself.

These findings contribute to the growing evidence base
for virtual nature experiences as legitimate therapeutic in-
terventions while offering novel insights into the design of
meaningful human-technology interactions. The success of
designed uncertainty as a therapeutic element challenges
prevailing assumptions about user experience optimization
and suggests that productive confusion may enhance rather
than diminish engagement in therapeutic contexts.

As digital mental health interventions become increas-
ingly prevalent, approaches like Plant Caretaker point to-
ward more philosophically grounded and psychologically
sophisticated applications. The intersection of technology,
nature, and mindfulness offers rich possibilities for support-
ing human well-being while fostering deeper appreciation
for the relationship with the natural world—even in digital
form.

Future clinical implementation should consider individ-
ual variation in response patterns and the importance of self-
paced engagement in maximizing therapeutic benefits. The
modular system architecture developed for Plant Caretaker
provides a foundation for continued research and develop-
ment of personalized therapeutic VR experiences.

This research ultimately suggests that the most power-
ful therapeutic technologies may be those that resist the im-
pulse to eliminate uncertainty and challenge, instead cre-
ating spaces for authentic emotional engagement with care-
fully designed virtual worlds that mirror the complexity and
ambiguity of real-world caring relationships.
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