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Figure 1: The (1) white room, which is an empty white room without sounds except for the game-related hit sounds. The
environment next to it shows the (2) space, where participants floated without any ground with futuristic sounds and engine
humming. The lower left environment, (3) abstract, consisted of white lines and colored shapes. This environment was
underlined with electronic music. The last environment next to it is (4) forest, where participants were positioned in a nice
forest with birds singing. On the upper right, (a) the blue hit ball, and on the lower right, the (b) spike ball to dodge is shown.

ABSTRACT

Environments can affect mood, motivation, and productivity. Green
spaces, for example, are known to have calming effects on people’s
moods. In virtual reality (VR), we could take advantage of these
effects, as we have full visual control over the environment. In
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this paper, we explore how such potential effects caused by the
environment impact performance and user experience (UX) when
playing an exergame. We created four environments differing in
their level of detail and visual realism.: (1) a white room, (2) outer
space, (3) an abstract space, and (4) a forest environment. In a user
study (N=26) in which participants played an exergame in all four
environments, we found evidence that VEs influence enjoyment and
performance. The simulation of green spaces or abstract VEs with
enjoyable background sounds has a particularly positive impact.
We discuss how environmental features impact performance and
UX and present promising avenues for future work investigating
specific parts of environmental features.
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1 INTRODUCTION

A person’s surroundings can influence their psychological and
physiological state, including effects on creativity, productivity, and
mental health [8, 12, 21, 28, 34, 37, 48]. A prominent example are
green spaces (e.g., nature and forests), which positively influence
health, including mental and physical health [13, 18, 26, 33, 49], the
immune system [31]and physical activity [22, 32, 43, 45].

In virtual reality (VR), we have full visual and auditory control
over the environment, allowing us to change a small dorm room
into a whole new world, seamlessly shifting from bad weather
to sunshine. However, few empirical investigations explain if and
how these changes in different environments influence the user.
Research in this area mainly investigated green spaces and non-
exercising tasks like work or education [10, 15].

With this work, we present an initial investigation into whether
and how different environments influence performance and user
experience (UX) in physical exercise tasks. To test this, we imple-
mented an exercise game (exergame) where the player moves and
hits balls with their hands while dodging spike balls (see Figure 1).
We chose an exergame as a use case: a common application for VR
applications. We investigated the influence of four environments
that reflect two dimensions (level of detail and realism). The au-
thors’ decision-making process for choosing these environments
was based on brainstorming and research of currently used envi-
ronments.

(1) An empty white room with no sounds except game-related
sounds ((1) white room: low detailed, realistic). (2) An outer space
environment, where the user was floating in open space ((2) space:
detailed, non-realistic). Besides game-related sounds, the environ-
ment included an engine humming sound of a spaceship. (3) An ab-
stract environment with colored lines and shapes, underlined with
simple electronic music ((3) abstract: low detailed, non-realistic).
(4) A green space environment, where participants were positioned
in an open forest surrounded by trees and listening to singing birds
((4) forest: detailed, realistic).

In summary, our research was driven by the following research
question: How do the four environments (1) white room, (2) space, (3)
abstract, and (4) forest affect UX and performance in a VR exergame?
To answer this question, we conducted a within-participant study
(N=26), where participants played four versions of an exergame and
answered questions about affective state, presence, user experience,
and custom questions covering environment characteristics like
scariness or calmness, distractions, and perceived exhaustion.
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Our results show that different environments in a VR exergame
impact enjoyment, perceived competence, and probably even per-
formance itself. Why they occur has to be looked further into,
but we can assume that auditory cues and green spaces positively
influence performance in fitness-related tasks like our exergame.
Lastly, we present a collection of environmental cues that could
contribute to the overall experience and should be investigated in
future research.

We contribute a preliminary empirical study investigating whether
different virtual environments influence performance and UX. Based
on our results, we propose more future work that directly examines
the individual cues of environments that are decisive for perfor-
mance boost and pleasant UX.

2 RELATED WORK

Environments can influence psychological and physiological states,
ranging from effects on creativity and productivity [8, 12, 28, 29,
37, 48] to influencing mental health [21, 26, 32, 34, 35, 52].

Some influencing triggers can be the color and mood of a room[1,
28, 50, 51], the interior design [23, 27], lightning [29, 53], sounds
[4, 5, 30], weather [3, 9, 11, 14, 17, 20] or green spaces which will
be discussed in the following section.

2.1 Environment Effects and Green Spaces

Research on the effects of environments has focused a lot on green
spaces, such as environments or rooms with many plants and na-
ture. Lots of work found that green spaces in cities can have positive
effects on health (mental and physical), well-being (e.g., stress re-
duction, attentional fatigue), and social factors (e.g., reduction of
crime, perception of safety) [6, 19, 21, 38, 47]. Other research pro-
vided evidence for environmental effects on productivity [12, 48].
Besides avoiding physical and functional discomfort (e.g., neck pain
through bad chair), there are psychological effects. For example,
green spaces can contribute to people being more productive in
enclosed offices or reporting higher productivity in offices with a
view outside. Another study by Choi et al. [12] shows how physi-
cal environments affect cognitive load and learning. Here, effects
like noise, spatial distance (being close or far away), physical fea-
tures ( like wearing lab coats or not), and emotions (motivational
or creative environment) can influence learning performance and
cognitive load.

Richardson et al. [41] found that overall physical activity levels
were higher and the risk of experiencing mental health issues lower
in green neighborhoods. A review by Thompson Coon et al. [46]
compared exercising indoors with exercising outdoors in natural en-
vironments. Exercising outdoors led to greater enjoyment, "greater
feelings of revitalization and positive engagement", decreases in
tension, confusion, anger, and depression, and increased energy.

2.2 Environment effects in VR

A meta-analysis by Kaplan et al. [25] did not find lower performance
outcomes between simulated (in VR) and non-simulated training.
Many studies even found performance improvement for physical
tasks after mixed reality training. Workstations between a real and
VE did not find effects regarding difficulty, time, and interaction
fidelity either [40]. A study by Calogiuri et al. [10] investigated the
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effects of VR green space/nature on the decision-making process of
visiting a place in real life. They explored different virtual walking
scenarios in an urban green space. Participants rated afterward to
be more likely to visit the location for green exercise. Gao et al.
[15] investigated the effects of six different natural spaces (grey,
blue, green, and partly opened/closed). All VEs had positive effects
on attentional fatigue and negative mood. The partly open green
space had the most positive effects, and the closed green space had
the worst. A recent study could show that virtual forest bathing
improves well-being for adults with disabilities [36]

3 IMPLEMENTATION

To answer our research question, we designed an exergame for the
Valve Index, which we called Hit’n Dodge. The game consists of
two types of objects: simple blue balls (Figure 1 (1)) and spike balls
(Figure 1 (3)) that fly toward the player from two areas: The spike
ball is randomly targeted at the player’s head or hands, while the
blue ball takes a random direction and height towards the whole
play area. Which type of ball appears is randomly initiated but
kept balanced. While the blue balls have to be caught with one of
the player’s hands (controller), the spike balls have to be dodged.
Overall, 106 balls can be caught or dodged in one play-through,
which means that 106 points can be gathered by catching and
avoiding balls. One play-through took about two minutes.

4 USER STUDY

We conducted a within-participant study with one independent
variable environment with four levels, resulting in four conditions.
We designed the four environments (Figure 1) with varying levels
of detail (high/low) and realism (non-realistic/realistic). Based on
research about environments we found in VR applications, influ-
enced by green space research, we opted for the two dimensions
detail and realism. Realism was interesting to use the variety that
is possible with VR !, while detail was interesting regarding scenes
where visually a lot was happening compared to rather boring clean
rooms.

We decided to build environments not only visually but with
fitting audio since audio takes an important role in environments
[16], and no audio would have felt very weird and distracting.

(1) white: participants played the Hit'n Dodge game in a com-

pletely empty white room (Figure 1 a) (low detail, realistic).

(2) space: participants played the Hit'n Dodge game in a space
environment with engine and futuristic sounds (Figure 1 c)
(high detail, non-realistic).

(3) abstract: participants played the Hit'n Dodge game in an
abstract environment with colored lines and shapes and
futuristic music (Figure 1 d) (low detail, non-realistic).

(4) forest: participants played the Hit'n Dodge game in a forest-
like environment with forest sounds. Figure 1 b) (high detail,
realistic).

4.1 Measures

In addition to a demographics survey (age, gender, fitness, VR ex-
perience), we collected scores and employed post-game questions.

Ihttps://store.steampowered.com/app/1098100/OhShape/
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Post-Game Questionnaires. After each play-through, participants
completed the interest and enjoyment, perceived competence, and
tension subscales of the Intrinsic Motivation Inventory (IMI) [42]
(7-point scale from 1="not at all true" to 7="very true"). They also
completed the self-assessment manikin (SAM) [7] with subscales
valence, arousal, and dominance (5-picture scale) and the igroup
presence questionnaire IPQ [39] (7-point scale). Finally, we asked 12
custom questions on a 5-point Likert scale (1= disagree to 5= agree)
about: enjoyment, performance, satisfaction, whether the partici-
pants felt active, motivated, or distracted by the environment if the
gameplay was distracting them from the VE, if the environment was
perceived scary/frightening or calming, if the environment helped
to focus on performance, whether the participants would play again,
whether the gameplay was exhausting, and whether they would be
interested in exercising in a similar real-world environment.

Pre- and Post-Questions. Before and after playing the game, we
asked the participants to rank the four environments according to
whether they wanted to be there and whether they wanted to play
in them.

4.2 Participants and Procedure

26 participants (10 female, 15 male, 1 “other”; Mgge = 23.23, SD =
2.19, range g = 20-29) participated in our user study. 23 participants
were students. 76.92% felt motivated to do sports, 61.54% felt very
comfortable using VR, and 57.69% had never used VR at all.

After giving consent, each participant started by ranking the
four environments according to whether they would like to be and
play there. Then, they were introduced to the Hit’n Dodge game
and played it four times, each in a different environment. They
answered post-game questions after each condition. This process
was counterbalanced with a 4x4 Latin square to avoid learning
and exhaustion effects. In the end, they were asked again to rank
the four environments according to if they liked to be and play
there, followed by the demographics questionnaire. The participants
finished the study by receiving remuneration.

4.3 Analysis & Results

We first report the findings of our quantitative analysis, with details
about significant results and effect size (Friedmans ANOVA (fA),
Bonferroni correction for pairwise comparison, Kendall’s w for
effect size in non-parametric results; Repeated Measures ANOVA
(A), Tukey HSD for pairwise comparison, effect size (?) for all
parametric results).

As we can see in Table 2, we found statistically significant effects
for SAM valance between the (1) white room to (3) abstract and
(4) forest. IPQ experiences realism is significant between the (4)
forest and (1) white room and (3) abstract and IPQ overall presence
is significant for post-hoc between (4) forest and (1) white room
(A = 4.026, p= 0.009, % = 0.108). While IMI Enj and IMI perceived
competence are significant between (1) white room and both (4)
forest and (3) abstract, the overall game score is not significant for
the post-hoc test. We did not find significant results for IMI Tension,
SAM arousal, SAM dominance, IPQ inv.

For our custom questions, we found strong significance for En-
joyment (fA = 33.6,p = 0.000000240, w = 0.431 (moderate)) between
all (1) white room to all other conditions. Satisfaction was significant
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Table 1: We report means (M), standard deviation (SD), Friedmans Anova (fA), or for parametric data One-Way-Anova (A) with
p-value and effect size (s=small, m=moderate. For the post-hoc tests, we only report the paired conditions that are significant
for measures SAM valance (5-point), IPQ (7-point), and IMI (7-point Likert). Game Performance can reach up to 106 points.

Results for further measures can be found in Appendix.

Condition SAM val IPQ G1 IPQ real IMI Enj IMI PC Game Score
M SD M SD M SD M SD M SD M SD
(4) forest 4.35 6.29 3.42 1.03 4.79 1.37 5.69 0.73 5.54 1.026 103.07 3.11
(3) abstract 4.19 7.49 4.04 1.18 4.47 1.43 5.61 0.83 5.54 0.99 102.30 2.58
(2) space 3.92 7.44 4.27 1.37 4.25 1.39 5.35 1.01 5.18 0.91 102.80 2.13
(1) white room 3.54 0.94 4.12 1.90 3.81 1.39 4.86 1.28 4.72 1.21 100.73  3.99
ANOVAs fA = 16.2 fA =9.93 A =4332 fA =137 A =363 fA = 8.93
p < 0.002 p < 0.02 p < 0.01 p < 0.005 p < 0.02 p < 0.05
effect size w = 0.208 (s) w = 0.127 (s) n? = 0.115 (s) w = 0.176 (s) 7% =0.098 (m)  w=0.115(s)
post hoc white <> abstract abstract <> forest abstract <> forest white <> abstract white < abstract ns

white « forest

white < forest

white < forest white < forest

between (1) white room and (4) forest (fA = 19.0, p = 0.000279, w
= 0.243). The (1) white room environment was rated significantly
scarier (fA = 16.9,p = 0.000724, w = 0.217) than (4) forest and (3)
abstract. (4) forest, on the other side, was significantly rated more
calming (fA = 37.2,p = 0.0000000414,w = 0.477 (moderate)) than all
other conditions. The gameplay was distracting from the environ-
ment was significant (fA = 12.3, p = 0.00646, w = 0.158) between
(1) white room to (4) forest and (2) space. Gameplay exhausting was
only significant between (1) white room and (2) space (fA = 8.57, p
=0.0355, w = 0.110) Exercising in a real-life environment similar to
this environment was significant between (1) white room to all other
environments (fA = 30.3, p = 0.00000121, w = 0.388 (moderate)).
For wanting to play again in the environment, significance was
also between (1) white room and all other conditions (fA = 27.7,p =
0.00000427, w = 0.355 (moderate))

Feeling more active and being focused on performance was not
significant while feeling more active and having more motivation
to exercise was non-significant after the post-hoc test.

For being in the environment, 42% of the participants kept their
first place ranking after the study, while 61% kept their first place
ranking for playing in the environment. Overall, (4) forest was pre-
ranked higher for being in the environment than for playing in
it and lost ranks after the study, making place for higher abstract
ranks (see Figure 3).

4.4 Further Comments by the Participants

"on

Participants liked the (4) forest because it was very "calm", "re-
laxing" (P7, P8, P10, P19, P20, P21, P22), and they liked the "bird
sounds"(P17). One participant mentioned that they "felt free" (P5)
in the (4) forest. Very often they mentioned the motivating sounds
from (3) abstract (P1, P2, P5, P7, P20, P24). Some participants men-
tioned that it was very nice that the (3) abstract environment "did
not try to be real" (P11) or "try to mimic something" (P1). One men-
tioned that they felt like they were in an action movie (P15). While
some felt the direction of the balls was easy to identify (P12) others
found the colors were nice but hard to differentiate from the back-
ground (P5). For (2) space, P3 found the environment "calm and not
distracting”, and P16 said it was a completely new experience. P23
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mentioned that they were distracted through the uncomfortable-
ness of the missing ground because of the feeling of falling, which
led to low cybersickness for P5. The white room was described as a
"very small" (P5) and a "very monotonous environment" (P23).

5 DISCUSSION

Environment Characteristics. Confirming results from earlier
studies on green spaces|[6, 19, 21, 22, 38, 47], we found significantly
higher calming effects for (4) forest as a green space in VR. The
(1) white room room environment was perceived as significantly
scarier, which could be related to being in a closed space [15], but
also to a feeling of loneliness and lack of distraction created by
the empty room [2]. While the experienced realism was perceived
significantly higher in the (4) forest than (3) abstract and (1) white
room, it did not influence enjoyment, shown by (3) abstract, result-
ing in low realism but high enjoyment values. Participants even
positively emphasized liking that the (3) abstract abstained from
mimicking something. In general, visual realism or level of detail
was not a driving factor for higher performance or UX. We suggest
exploring environmental effects with a structured investigation
into different dimensions of color moods, lighting, weather, space,
shapes, and background sounds.

Environment Preference Ranking. The (4) forest environment was
ranked highly in the pre-study questionnaire but lost ratings to-
wards the (3) abstract environment in the final questionnaire. We
assume that participants could not imagine what an abstract room
could look like before seeing it in the study condition. Furthermore,
the electronic sounds could have influenced them positively, espe-
cially for the playing rank. (2) space seemed to lose ranking points
as well, probably because people expected something more exciting
from it. Someone mentioned (2) space causing motion sickness, and
the floating was a bit scary for some participants.

Enjoyment and Satisfaction. Overall, the questionnaire results
showed that the (4) forest and (3) abstract environments were more
enjoyable and satisfactory compared to (1) white room. For the
custom enjoyment question, the effect size was even moderate,
and (2) space reached significantly higher values for enjoyment
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than (1) white room as well. Moreover, in (4) forest, (3) abstract,
and (2) space, participants were significantly more likely to play
the game again in VR and were more likely to play in such kind
of environment in real life. For the (4) forest, the results agree
with the results from [46], where outdoor exercise reached higher
enjoyment and satisfaction than indoor exercises. One participant
even mentioned the (4) forest created a feeling of being free. For (4)
forest and (2) space the environment was at least large or open in
space, which could have influenced the positive mood compared
to closed spaces, as suggested by Gao et al. [15]. In general, we
can state that an empty white environment lowers enjoyment for
exergames in VR due to several reasons like distraction, exhaustion,
or missing background sounds [24]. From our qualitative comments,
we further know that the calming effect, audio (birds or music), and
liking of the environment in general could have also influenced
enjoyment.

Distraction. The empty (1) white room environment overall dis-
tracted participants the least compared to the other environments
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even though there was a high variance between participants. It was
probably caused by the feeling of scariness mentioned by some
participants. Further, they seemed to be least distracted by the
gameplay in (1) white room, likely because the empty environment
lowered cognitive load. In future work, cognitive load could be
measured to see how it influences perceived distraction.

Exhaustion. Perceived exhaustion was overall low but signifi-
cantly higher for the (1) white room than other environments. We
assume that through the emptiness of the environment and low en-
joyment, participants were not distracted enough by the gameplay,
resulting in a higher focus on their own bodies and exhaustion. In
future work, the actual exhaustion should be measured to identify
whether the effect is only perceptual or also showing in physiologi-
cal signals, such as heart rate.

Performance. The significantly higher rating of perceived com-
petence in the environments (4) forest and (3) abstract match the
higher (but not post-hoc significant) rankings of the game score
for (4) forest and (3) abstract compared to the (1) white room. We
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assume that the low variance in the game scores is resulting in not
significant game scores. However, that (1) white room has a lower
cognitive load but neither high perceived competence nor high
game scores, cognitive load might not be the influencing factor
for performance. It could be likely that psychological effects like
scariness, calmness, or liking have a higher influence on perfor-
mance. We argue that effects like increased energy for exercising in
outdoor green spaces [46] could be shown through virtual reality
outdoor spaces as well. Furthermore, we know from related work
that working memory and performance in skill tasks are heightened
for having background music compared to complete silence [44],
which was the case in the (1) white room environment. Neverthe-
less, we can argue that exergame performance could be positively
influenced by engaging, enjoyable, and participants’ subjective lik-
ing of the environment due to 61% keeping their first choice of
environment for playing.

Limitations. Finally, we want to mention that because the game
was low-difficulty, the variance in the overall game scores was
very low. Furthermore, the exergame had a relatively low level of
exhaustion, which makes an assumption towards the exercise part
rather weak. Besides perceived exhaustion, actual exhaustion was
not measured, e.g., through heart rate, which could be different
from perception. However, this was only a preliminary study to see
if effects could be found and where they occur.

6 CONCLUSION AND FUTURE WORK

We investigated the effects of different VEs with varying degrees of
detail and abstraction on performance and UX in an exergame. Four
environments were examined: (1) white room, (2) space, (3) abstract,
and (4) forest. Based on our findings, we infer that different VEs
impact how users experience and perform in VR-based tasks, such
as exercising in games. Therefore, we suggest considering which
VEs to choose in future research and application of VR exergames
and exercises (e.g., green spaces). However, visual realism or level
of detail is likely no influencing factor on performance and UX.

Additionally, future studies should explore a larger and more
detailed variety of VE aspects (e.g., audio and visual stimuli) sepa-
rately to gain a more fine-grained understanding of how different
environmental elements affect performance and experience. Finally,
it would be beneficial to use more demanding or varied tasks in
future studies to make stronger assumptions about the effects of
VEs on exercise performance.

REFERENCES

[1] Adam Akers, Jo Barton, Rachel Cossey, Patrick Gainsford, Murray Griffin, and
Dominic Micklewright. 2012. Visual Color Perception in Green Exercise: Positive
Effects on Mood and Perceived Exertion. Environmental Science & Technology 46,
16 (Aug. 2012), 8661-8666. https://doi.org/10.1021/es301685g

Anna Anéker, Lena von Koch, Ann Heylighen, and Marie EIf. 2019. “It’s Lonely”:
Patients’ Experiences of the Physical Environment at a Newly Built Stroke Unit.
HERD: Health Environments Research & Design Journal 12, 3 (July 2019), 141-152.
https://doi.org/10.1177/1937586718806696

Jennifer L Barkin, Massimiliano Buoli, Carolann Lee Curry, Silke A von Esenwein,
Saswati Upadhyay, Maggie Bridges Kearney, and Katharine Mach. 2021. Effects of
Extreme Weather Events on Child Mood and Behavior. Developmental Medicine
& Child Neurology 63, 7 (2021), 785-790. https://doi.org/10.1111/dmcn.14856
Mathias Basner, Wolfgang Babisch, Adrian Davis, Mark Brink, Charlotte Clark,
Sabine Janssen, and Stephen Stansfeld. 2014. Auditory and Non-Auditory Effects
of Noise on Health. The Lancet 383, 9925 (April 2014), 1325-1332. https://doi.
0rg/10.1016/S0140-6736(13)61613-X

(2]

(3]

325

—_

5]

G

[

(10]

[11

(12]

(13

[14

[16

(17]

(18

[19

[20

[21]

[22

[23

Funke, et al.

C. Philip Beaman. 2005. Auditory Distraction from Low-Intensity Noise: A
Review of the Consequences for Learning and Workplace Environments. Applied
Cognitive Psychology 19, 8 (2005), 1041-1064. https://doi.org/10.1002/acp.1134

Kirsten M. M. Beyer, Andrea Kaltenbach, Aniko Szabo, Sandra Bogar, F. Javier
Nieto, and Kristen M. Malecki. 2014. Exposure to Neighborhood Green Space
and Mental Health: Evidence from the Survey of the Health of Wisconsin. Inter-
national Journal of Environmental Research and Public Health 11, 3 (March 2014),
3453-3472. https://doi.org/10.3390/ijerph110303453

Margaret M. Bradley and Peter J. Lang. 1994. Measuring Emotion: The Self-
Assessment Manikin and the Semantic Differential. Journal of Behavior Therapy
and Experimental Psychiatry 25, 1 (March 1994), 49-59. https://doi.org/10.1016/
0005-7916(94)90063-9

Matthew H. E. M. Browning and Alessandro Rigolon. 2019. School Green Space
and Its Impact on Academic Performance: A Systematic Literature Review. Inter-
national Journal of Environmental Research and Public Health 16, 3 (Jan. 2019),
429. https://doi.org/10.3390/ijerph16030429

Vanessa S. Brum-Bastos, Jed A. Long, and Urska Dem3ar. 2018. Weather Effects on
Human Mobility: A Study Using Multi-Channel Sequence Analysis. Computers,
Environment and Urban Systems 71 (Sept. 2018), 131-152. https://doi.org/10.
1016/j.compenvurbsys.2018.05.004

G. Calogiuri, B. J. Keegan, S. L. Birkheim, T. L. Rydgren, O. E. Flaten, F. Fréhlich,
and S. Litleskare. 2022. A Mixed-Methods Exploration of Virtual Reality as
a Tool to Promote Green Exercise. Scientific Reports 12, 1 (April 2022), 5715.
https://doi.org/10.1038/s41598-022-09622-x

Catherine B. Chan, Daniel AJ Ryan, and Catrine Tudor-Locke. 2006. Relationship
between Objective Measures of Physical Activity and Weather: A Longitudinal
Study. International Journal of Behavioral Nutrition and Physical Activity 3, 1
(Aug. 2006), 21. https://doi.org/10.1186/1479-5868-3-21

Hwan-Hee Choi, Jeroen J. G. van Merriénboer, and Fred Paas. 2014. Effects of the
Physical Environment on Cognitive Load and Learning: Towards a New Model
of Cognitive Load. Educational Psychology Review 26, 2 (June 2014), 225-244.
https://doi.org/10.1007/s10648-014-9262-6

Hae-ryoung Chun, Inhyung Cho, Yoon Young Choi, Sujin Park, Geonwoo Kim,
and Sung-il Cho. 2023. Effects of a Forest Therapy Program on Physical Health,
Mental Health, and Health Behaviors. Forests 14, 11 (Nov. 2023), 2236. https:
//doi.org/10.3390/14112236

Michael R. Cunningham. 1979. Weather, Mood, and Helping Behavior: Quasi
Experiments with the Sunshine Samaritan. Journal of Personality and Social
Psychology 37, 11 (1979), 1947-1956. https://doi.org/10.1037/0022-3514.37.11.1947
Tian Gao, Tian Zhang, Ling Zhu, Yanan Gao, and Ling Qiu. 2019. Exploring Psy-
chophysiological Restoration and Individual Preference in the Different Environ-
ments Based on Virtual Reality. International Journal of Environmental Research
and Public Health 16, 17 (Jan. 2019), 3102. https://doi.org/10.3390/ijerph16173102
Hans-Peter Gasselseder. 2014. Dynamic Music and Immersion in the Action-
Adventure an Empirical Investigation. In Proceedings of the 9th Audio Mostly: A
Conference on Interaction With Sound (Aalborg, Denmark) (AM °14). Association
for Computing Machinery, New York, NY, USA, Article 28, 8 pages. https:
//doi.org/10.1145/2636879.2636908

Anna Goodman, James Paskins, and Roger Mackett. 2012. Day Length and
Weather Effects on Children’s Physical Activity and Participation in Play, Sports,
and Active Travel. Journal of Physical Activity and Health 9, 8 (Nov. 2012),
1105-1116. https://doi.org/10.1123/jpah.9.8.1105

Gianluca Grilli and Sandro Sacchelli. 2020. Health Benefits Derived from Forest:
A Review. International Journal of Environmental Research and Public Health 17,
17 (Jan. 2020), 6125. https://doi.org/10.3390/ijerph17176125

Peter P. Groenewegen, Agnes E. van den Berg, Sjerp de Vries, and Robert A.
Verheij. 2006. Vitamin G: Effects of Green Space on Health, Well-Being, and Social
Safety. BMC Public Health 6, 1 (June 2006), 149. https://doi.org/10.1186/1471-
2458-6-149

Teerayut Horanont, Santi Phithakkitnukoon, Tuck W. Leong, Yoshihide Seki-
moto, and Ryosuke Shibasaki. 2013. Weather Effects on the Patterns of People’s
Everyday Activities: A Study Using GPS Traces of Mobile Phone Users. PLOS
ONE 8, 12 (Dec. 2013), e81153. https://doi.org/10.1371/journal.pone.0081153

R. F. Hunter, C. Cleland, A. Cleary, M. Droomers, B. W. Wheeler, D. Sinnett, M. J.
Nieuwenhuijsen, and M. Braubach. 2019. Environmental, Health, Wellbeing,
Social and Equity Effects of Urban Green Space Interventions: A Meta-Narrative
Evidence Synthesis. Environment International 130 (Sept. 2019), 104923. https:
//doi.org/10.1016/j.envint.2019.104923

Emilia Janeczko, Jarostaw Gorski, Malgorzata Woznicka, Krzysztof Czyzyk, Woj-
ciech Kedziora, and Natalia Korcz. 2023. Physical Activity in Forest and Psycho-
logical Health Benefits: A Field Experiment with Young Polish Adults. Forests 14,
9 (Sept. 2023), 1904. https://doi.org/10.3390/£14091904

Ju Yeun Jang, Eunsoo Baek, and Ho Jung Choo. 2018. Managing the Visual
Environment of a Fashion Store: Effects of Visual Complexity and Order on
Sensation-Seeking Consumers. International Journal of Retail & Distribution
Management 46, 2 (Jan. 2018), 210-226. https://doi.org/10.1108/]JRDM-03-2017-
0050


https://doi.org/10.1021/es301685g
https://doi.org/10.1177/1937586718806696
https://doi.org/10.1111/dmcn.14856
https://doi.org/10.1016/S0140-6736(13)61613-X
https://doi.org/10.1016/S0140-6736(13)61613-X
https://doi.org/10.1002/acp.1134
https://doi.org/10.3390/ijerph110303453
https://doi.org/10.1016/0005-7916(94)90063-9
https://doi.org/10.1016/0005-7916(94)90063-9
https://doi.org/10.3390/ijerph16030429
https://doi.org/10.1016/j.compenvurbsys.2018.05.004
https://doi.org/10.1016/j.compenvurbsys.2018.05.004
https://doi.org/10.1038/s41598-022-09622-x
https://doi.org/10.1186/1479-5868-3-21
https://doi.org/10.1007/s10648-014-9262-6
https://doi.org/10.3390/f14112236
https://doi.org/10.3390/f14112236
https://doi.org/10.1037/0022-3514.37.11.1947
https://doi.org/10.3390/ijerph16173102
https://doi.org/10.1145/2636879.2636908
https://doi.org/10.1145/2636879.2636908
https://doi.org/10.1123/jpah.9.8.1105
https://doi.org/10.3390/ijerph17176125
https://doi.org/10.1186/1471-2458-6-149
https://doi.org/10.1186/1471-2458-6-149
https://doi.org/10.1371/journal.pone.0081153
https://doi.org/10.1016/j.envint.2019.104923
https://doi.org/10.1016/j.envint.2019.104923
https://doi.org/10.3390/f14091904
https://doi.org/10.1108/IJRDM-03-2017-0050
https://doi.org/10.1108/IJRDM-03-2017-0050

Virtual Environment Effects on Exergame Players

[24]

[25

[26

[27]

[28]

[29]

[30]

[31]

[32

[33

[34

[35]

[36

[37]

[38]

[39]

[40

[41]

[42]

[43]

[44

Danny Yihan Jia. 2022. Playing With the Right Soundtrack: Effects of Video Game
Music Congruency on Enjoyment. Thesis. Purdue University Graduate School.
https://doi.org/10.25394/PGS.19679646.v1

Alexandra D. Kaplan, Jessica Cruit, Mica Endsley, Suzanne M. Beers, Ben D.
Sawyer, and P. A. Hancock. 2021. The Effects of Virtual Reality, Augmented Real-
ity, and Mixed Reality as Training Enhancement Methods: A Meta-Analysis. Hu-
man Factors 63, 4 (June 2021), 706-726. https://doi.org/10.1177/0018720820904229
Yasuhiro Kotera, Miles Richardson, and David Sheffield. 2022. Effects of Shinrin-
Yoku (Forest Bathing) and Nature Therapy on Mental Health: A Systematic
Review and Meta-analysis. International Journal of Mental Health and Addiction
20, 1 (Feb. 2022), 337-361. https://doi.org/10.1007/s11469-020-00363-4

N. Kwallek, C. M. Lewis, J. W. D. Lin-Hsiao, and H. Woodson. 1996. Effects of Nine
Monochromatic Office Interior Colors on Clerical Tasks and Worker Mood. Color
Research & Application 21, 6 (1996), 448-458. https://doi.org/10.1002/(SICI)1520-
6378(199612)21:6<448::AID-COL7>3.0.CO;2-W

Nancy Kwallek, Carol M. Lewis, and Ann S. Robbins. 1988. Effects of Office
Interior Color on Workers’ Mood and Productivity. Perceptual and Motor Skills
66, 1 (Feb. 1988), 123-128. https://doi.org/10.2466/pms.1988.66.1.123

Li Lan, Sarra Hadji, Lulu Xia, and Zhiwei Lian. 2021. The Effects of Light Illu-
minance and Correlated Color Temperature on Mood and Creativity. Building
Simulation 14, 3 (June 2021), 463-475. https://doi.org/10.1007/s12273-020-0652-z
Pontus Larsson, Daniel Vistfjall, and Mendel Kleiner. 2008. Effects of Audi-
tory Information Consistency and Room Acoustic Cues on Presence in Vir-
tual Environments. Acoustical Science and Technology 29, 2 (2008), 191-194.
https://doi.org/10.1250/ast.29.191

Qing Li. 2010. Effect of Forest Bathing Trips on Human Immune Function.
Environmental Health and Preventive Medicine 15, 1 (Jan. 2010), 9-17. https:
//doi.org/10.1007/s12199-008-0068-3

Secundino Lopez-Pousa, Gloria Bassets Pages, Silvia Monserrat-Vila, Manuel de
Gracia Blanco, Jaume Hidalgo Colomé, and Josep Garre-Olmo. 2015. Sense of
Well-Being in Patients with Fibromyalgia: Aerobic Exercise Program in a Mature
Forest—A Pilot Study. Evidence-Based Complementary and Alternative Medicine
2015 (Oct. 2015), €614783. https://doi.org/10.1155/2015/614783

Elias Delphinus Mark Payne. 2018. A Review of the Current Evidence for the
Health Benefits Derived from Forest Bathing - ProQuest.  https://doi.org/10.
18848/2156-8960/CGP/v09i01/19-30 (Accessed 21.02.2024).

Natalie Markwell and Thomas Edward Gladwin. 2020. Shinrin-Yoku (Forest
Bathing) Reduces Stress and Increases People’s Positive Affect and Well-Being
in Comparison with Its Digital Counterpart. Ecopsychology 12, 4 (Dec. 2020),
247-256. https://doi.org/10.1089/ec0.2019.0071

Rachel McCormick. 2017. Does Access to Green Space Impact the Mental Well-
being of Children: A Systematic Review. Journal of Pediatric Nursing 37 (Nov.
2017), 3-7. https://doi.org/10.1016/j.pedn.2017.08.027

Kirsten McEwan, Kari S. Krogh, Kim Dunlop, Mahnoor Khan, and Alyssa Krogh.
2023. Virtual Forest Bathing Programming as Experienced by Disabled Adults
with Mobility Impairments and/or Low Energy: A Qualitative Study. Forests 14,
5 (May 2023), 1033. https://doi.org/10.3390/f14051033

Xue Meng, Mingxin Zhang, and Mohan Wang. 2023. Effects of School Indoor
Visual Environment on Children’s Health Outcomes: A Systematic Review. Health
& Place 83 (Sept. 2023), 103021. https://doi.org/10.1016/j.healthplace.2023.103021
D. Nutsford, A. L. Pearson, and S. Kingham. 2013. An Ecological Study Investi-
gating the Association between Access to Urban Green Space and Mental Health.
Public Health 127, 11 (Nov. 2013), 1005-1011. https://doi.org/10.1016/j.puhe.2013.
08.016

Shahri M Panahi, Ashtiani A Fathi, Falah P Azad, and GH A MONTAZER. 2009.
Reliability and validity of igroup presence questionnaire (ipq). (2009).

Charles Pontonnier, Georges Dumont, Asfhin Samani, Pascal Madeleine, and
Marwan Badawi. 2014. Designing and Evaluating a Workstation in Real and
Virtual Environment: Toward Virtual Reality Based Ergonomic Design Sessions.
Journal on Multimodal User Interfaces 8, 2 (June 2014), 199-208. https://doi.org/
10.1007/s12193-013-0138-8

E. A. Richardson, J. Pearce, R. Mitchell, and S. Kingham. 2013. Role of Physical
Activity in the Relationship between Urban Green Space and Health. Public
Health 127, 4 (April 2013), 318-324. https://doi.org/10.1016/j.puhe.2013.01.004
Richard M. Ryan and Edward L. Deci. 2000. Self-Determination Theory and
the Facilitation of Intrinsic Motivation, Social Development, and Well-Being.
American Psychologist 55, 1 (2000), 68-78. https://doi.org/10.1037/0003-066X.55.
1.68

Christian Monn Pius Kruetli Klaus Seeland Stella-Maria Hug, Ralf Hans-
mann. 2008. Restorative Effects of Physical Activity in Forests
and Indoor Settings. | International Journal of Fitness | EBSCOhost.
https://openurl.ebsco.com/EPDB%3Agcd%3A3%3A9370323/detailv2?sid=
ebsco%3Aplink%3Ascholar&id=ebsco%3Agcd%3A34264750&crl=c  (Accessed
21.02.2024).

Shirin Taheri, Mohsen Razeghi, Alireza Choobineh, Reza Kazemi, Pegah Rasip-
isheh, and Mouhebat Vali. 2022. Investigating the Effect of Background Music
on Cognitive and Skill Performance: A Cross-Sectional Study. Work 71, 4 (Jan.
2022), 871-879. https://doi.org/10.3233/WOR-213631

326

IMX ’24, June 12-14, 2024, Stockholm, Sweden

Riki Tesler, Pnina Plaut, and Ronit Endvelt. 2018. The Effects of an Urban For-
est Health Intervention Program on Physical Activity, Substance Abuse, Psy-
chosomatic Symptoms, and Life Satisfaction among Adolescents. International
Journal of Environmental Research and Public Health 15, 10 (Oct. 2018), 2134.
https://doi.org/10.3390/ijerph15102134

[46] J. Thompson Coon, K. Boddy, K. Stein, R. Whear, J. Barton, and M. H. Depledge.

2011. Does Participating in Physical Activity in Outdoor Natural Environments
Have a Greater Effect on Physical and Mental Wellbeing than Physical Activity
Indoors? A Systematic Review. Environmental Science & Technology 45, 5 (March
2011), 1761-1772. https://doi.org/10.1021/es102947t

Gert-Jan Vanaken and Marina Danckaerts. 2018. Impact of Green Space Exposure
on Children’s and Adolescents’ Mental Health: A Systematic Review. International
Journal of Environmental Research and Public Health 15, 12 (Dec. 2018), 2668.
https://doi.org/10.3390/ijerph15122668

Jacqueline C. Vischer. 2008. Towards an Environmental Psychology of Workspace:
How People Are Affected by Environments for Work. Architectural Science Review
51, 2 (June 2008), 97-108. https://doi.org/10.3763/asre.2008.5114

Charlotte Wendelboe-Nelson, Sarah Kelly, Marion Kennedy, and John W. Cherrie.
2019. A Scoping Review Mapping Research on Green Space and Associated
Mental Health Benefits. International Journal of Environmental Research and
Public Health 16, 12 (Jan. 2019), 2081. https://doi.org/10.3390/ijerph16122081
K. Yildirim, A. Akalin-Baskaya, and M. L. Hidayetoglu. 2007. Effects of Indoor
Color on Mood and Cognitive Performance. Building and Environment 42, 9 (Sept.
2007), 3233-3240. https://doi.org/10.1016/j.buildenv.2006.07.037

Kemal Yildirim, M. Lutfi Hidayetoglu, and Aysen Capanoglu. 2011. Effects of
Interior Colors on Mood and Preference: Comparisons of Two Living Rooms.
Perceptual and Motor Skills 112, 2 (April 2011), 509-524. https://doi.org/10.2466/
24.27.PMS.112.2.509-524

Chia-Pin Yu, Chia-Min Lin, Ming-Jer Tsai, Yu-Chieh Tsai, and Chun-Yu Chen.
2017. Effects of Short Forest Bathing Program on Autonomic Nervous System
Activity and Mood States in Middle-Aged and Elderly Individuals. International
Journal of Environmental Research and Public Health 14, 8 (Aug. 2017), 897. https:
//doi.org/10.3390/ijerph14080897

Yingying Zhu, Mingi Yang, Ying Yao, Xiao Xiong, Xiaoran Li, Guofu Zhou, and
Ning Ma. 2019. Effects of Illuminance and Correlated Color Temperature on
Daytime Cognitive Performance, Subjective Mood, and Alertness in Healthy
Adults. Environment and Behavior 51, 2 (Feb. 2019), 199-230. https://doi.org/10.
1177/0013916517738077


https://doi.org/10.25394/PGS.19679646.v1
https://doi.org/10.1177/0018720820904229
https://doi.org/10.1007/s11469-020-00363-4
https://doi.org/10.1002/(SICI)1520-6378(199612)21:6<448::AID-COL7>3.0.CO;2-W
https://doi.org/10.1002/(SICI)1520-6378(199612)21:6<448::AID-COL7>3.0.CO;2-W
https://doi.org/10.2466/pms.1988.66.1.123
https://doi.org/10.1007/s12273-020-0652-z
https://doi.org/10.1250/ast.29.191
https://doi.org/10.1007/s12199-008-0068-3
https://doi.org/10.1007/s12199-008-0068-3
https://doi.org/10.1155/2015/614783
https://doi.org/10.18848/2156-8960/CGP/v09i01/19-30
https://doi.org/10.18848/2156-8960/CGP/v09i01/19-30
https://doi.org/10.1089/eco.2019.0071
https://doi.org/10.1016/j.pedn.2017.08.027
https://doi.org/10.3390/f14051033
https://doi.org/10.1016/j.healthplace.2023.103021
https://doi.org/10.1016/j.puhe.2013.08.016
https://doi.org/10.1016/j.puhe.2013.08.016
https://doi.org/10.1007/s12193-013-0138-8
https://doi.org/10.1007/s12193-013-0138-8
https://doi.org/10.1016/j.puhe.2013.01.004
https://doi.org/10.1037/0003-066X.55.1.68
https://doi.org/10.1037/0003-066X.55.1.68
https://openurl.ebsco.com/EPDB%3Agcd%3A3%3A9370323/detailv2?sid=ebsco%3Aplink%3Ascholar&id=ebsco%3Agcd%3A34264750&crl=c
https://openurl.ebsco.com/EPDB%3Agcd%3A3%3A9370323/detailv2?sid=ebsco%3Aplink%3Ascholar&id=ebsco%3Agcd%3A34264750&crl=c
https://doi.org/10.3233/WOR-213631
https://doi.org/10.3390/ijerph15102134
https://doi.org/10.1021/es102947t
https://doi.org/10.3390/ijerph15122668
https://doi.org/10.3763/asre.2008.5114
https://doi.org/10.3390/ijerph16122081
https://doi.org/10.1016/j.buildenv.2006.07.037
https://doi.org/10.2466/24.27.PMS.112.2.509-524
https://doi.org/10.2466/24.27.PMS.112.2.509-524
https://doi.org/10.3390/ijerph14080897
https://doi.org/10.3390/ijerph14080897
https://doi.org/10.1177/0013916517738077
https://doi.org/10.1177/0013916517738077

IMX ’24, June 12-14, 2024, Stockholm, Sweden

A FURTHER STATISTIC RESULTS

Table 2: We report means (M), standard deviation (SD), Friedmans Anova (fA), or for parametric data One-Way-Anova (A) with
p-value and effect size (s=small, m=moderate) for all results. For the post-hoc tests, we only report the paired conditions that
are significant for measures SAM valance (5-point), IPQ (7-point), and IMI (7-point Likert) and custom (7-point Likert). Game

Performance can reach up to 106 points.

Funke, et al.

IMI Eng IMI PC IMI Ten SAM val SAM Aro SAM Dom
forest M: 5.69; SD: 0.73 | M: 5.54; SD: 1.026 | M: 2.40; SD: 0.92 | M: 4.35; SD: 6.29 | M: 2.69; SD: 1.19 | M: 3.62; SD: 1.36
abstract M: 5.61; SD: 0.83 | M: 5.54; SD: 0.99 M: 2.75; SD: 1.07 | M:4.19; SD: 7.49 | M: 2.77; SD: 1.14 | M: 3.46; SD: 1.14
space M: 5.35; SD: 1.01 | M:5.18; SD: 0.91 M:2.92; SD: 1.25 | M:3.92;SD: 7.44 | M: 2.81; SD: 1.02 | M: 3.27; SD: 1.08
white M: 4.86; SD: 1.28 | M:4.72; SD: 1.21 M:3.12; SD: 1.30 | M: 3.54; SD: 0.94 | M:3.08; SD: 1.02 | M: 3.19; SD: 1.50
ANOVAs | fA =137 A =363 A =1.848 fA = 16.2 fA =3.37 fA =5.19

p < 0.004 p < 0.02 ns p < 0.002 ns ns
effect size | w=0.176 1% = 0.098 (mod) w = 0.208
post hoc | White - Abstract | White - Abstract White - Abstract

White - Forest White - Forest White - Forest

1PQ ges IPQ sp IPQ inv IPQ real Custom: Distraction
forest M: 3.42; SD: 1.03 | M: 4.95; SD: 0.70 M:4.79; SD: 1.37 | M: 4.79; SD: 1.37 M: 2.23; SD: 1.21
abstract M: 4.04; SD: 1.18 | M: 4.78; SD: 0.90 M: 4.47; SD: 1.43 | M: 4.47; SD: 1.43 M: 2.07; SD: 1.23
space M: 4.27; SD: 1.37 | M: 4.69; SD: 0.78 M: 4.25; SD: 1.39 | M: 4.25; SD: 1.39 M: 2.30; SD: 1.31
white M: 4.12; SD: 1.90 | M: 4.25; SD: 0.95 M: 3.81;SD: 1.39 | M: 3.81; SD: 1.39 M: 2.19; SD: 1.38
ANOVAs | fA =993 A =3.288 A =2.269 A =4332 fA = 0.582

p < 0.02 p <0.03 ns p < 0.007 ns
effect size | w = 0.127 n? = 0.059 n? =0.115
post hoc | Abstract Forest | White - Forest Abstract - Forest

White - Forest

Custom: | PerformFocus PlayAgain PlayDistract PlayExhausting | Fun SimilarEnvInRealLife
forest M: 3.50; SD: 0.86 | M: 4.34; SD: 0.74 M:3.03; SD: 1.21 | M: 2.11; SD: 0.95 | M: 4.50; SD: 0.90 | M: 4.46; SD: 0.85
abstract M: 3.07; SD: 1.05 | M: 4.00; SD: 1.13 M: 2.57;SD: 1.41 | M: 2.19; SD: 1.26 | M: 4.50; SD: 0.70 | M: 3.88; SD: 1.07
space M: 2.92; SD: 1.05 | M: 3.73; SD: 1.25 M: 3.26; SD: 1.34 | M: 2.00; SD: 0.93 | M: 4.26; SD: 0.91 | M: 3.26; SD: 1.66
white M: 2.88; SD: 1.50 | M: 2.30; SD: 1.31 M: 2.00; SD: 1.13 | M: 2.76; SD: 1.50 | M: 3.69; SD: 1.28 | M: 2.19; SD: 1.35
ANOVAs | fA =5.64 fA =27.7 fA =123 fA = 8.57 fA=171 fA =30.3

ns p < 0.0001 p < 0.007 p < 0.04 p < 0.0007 p < 0.0001
effect size w = 0.355 (mod) w =0.158 w =0.110 w =0.219 w = 0.388 (mod)
post hoc White - Abstract | White - Forest White - Space White - Abstract | White - Abstract

White - Forest White - Space White - Forest White - Forest
White - Space Forest - Space

Custom: Enjoyment Satisfaction MoreActive ExerMot Scary Calm
forest M: 4.65; SD: 4.85 | M: 4.57; SD: 6.43 M: 4.19; SD: 8.00 | M: 3.63; SD: 0.97 | M: 1.03; SD: 1.96 | M: 4.23; SD: 1.03
abstract M: 4.50; SD: 6.48 | M: 4.30; SD: 7.35 M: 4.19; SD: 0.69 | M: 3.61; SD: 0.85 | M: 1.19; SD: 6.33 | M: 2.46; SD: 0.85
space M: 4.30; SD: 8.37 | M: 4.11; SD: 6.52 M: 3.76; SD: 1.03 | M:3.59; SD: 1.01 | M: 1.84; SD: 1.37 | M: 2.88; SD: 1.27
white M: 2.92; SD: 1.26 | M: 3.46; SD: 1.17 M: 3.69;SD: 1.12 | M:3.00; SD: 1.23 | M: 1.92; SD: 1.19 | M: 2.11; SD: 0.90
ANOVAs | fA =33.6 fA =19.0 fA = 8.25 fA = 8.49 fA =16.9 fA =37.2

p < 0.0001 p < 0.0003 p < 0.05 p < 0.04 p < 0.001 p < 0.0001
effect size | w = 0.431 (mod) | w =0.243 w = 0.106 w = 0.109 w =0.217 w = 0.477 (mod)
post hoc | White - Abstract | White - Forest ns ns White - Abstract | Abstract - Forest

White - Forest
White - Space

White - Forest

White - Forest
Space - Forest
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