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Games hold the potential to help many address health-related issues such as chronic stress. We investigated the
use of biophilia, an affective response to nature grounded in the psychology literature, as indirect physiological
input for biofeedback games. We designed and developed a non-violent exploration game, and conducted an
empirical study that examined affective and physiological responses to gameplay in virtual nature and urban
settings. Our results did not identify a difference in stress levels experienced by players between these two
settings, but point to improved attention when playing in nature settings. We discuss implications of these
findings, and discuss both difficulties in and potential future strategies for applying biophilia to the design of
biofeedback games.
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1 INTRODUCTION

Stress is a pervasive, chronic, yet preventable contributor to illnesses such as depression, anxiety,
and obesity that affects nearly one third of adults in North America [2]. While stress is widespread in
adult populations, it often emerges in young adults — a recent American College Health Association
survey notes high prevalence of anxiety (28%), depression (17%), and stress (38%) in college students
[3]. For young adults, the consequences of stress can be especially detrimental, as habits that lead to
stress may become entrenched in an individual’s lifestyle. Excessive stress can reduce effectiveness
at school and work, establish unhealthy habits, and contribute to addiction, crime, absenteeism,
and burnout [11]. Even as mental health awareness has increased, students lack the tools and
motivation to enact change, suggesting a need for a better understanding of how it can be addressed
in practice.
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Fig. 1. We designed and built a non-violent exploration game that emerges players into a virtual world. In
our game, players explore either a ‘Nature’ (left) or ‘Urban’ (right) environment.

The long-term objective of this research is to develop tools that assist people in identifying stress
in their lives, and that can motivate them to take action to reduce its negative effects. Gaming
has been identified as a particularly promising area of investigation, due to the pervasiveness of
stress in young adults and their proclivity towards gaming [7, 21]. We believe that improving stress
management skills at a young age has the potential to improve health across an individual’s lifespan,
and to help prevent related chronic illness such as depression, anxiety, and obesity. As a first step
towards this long-term goal, we explore the potential of biophilia, a human’s inherent proclivity to
natural settings, to reduce player stress [12, 27, 29]. Research in psychology and affective computing
has found that differences in audio and visual stimuli, such as those between a busy street or park,
can prompt an emotional response in an observer [25, 27]. While the effects of biophilia have been
shown for passively consumed still imagery [26] and non-interactive virtual reality [25, 27], there is
no evidence that this effect persists in interactive video games. In this paper we present the design
of a simple interactive game (Figure 1) in which a player can explore a procedurally-generated
world with both urban and natural backdrops. The game allows simple navigation using the mouse,
as well as common game mechanics that include collecting items and planting trees or constructing
buildings. We also present a first assessment of our game and the use of biophilia in an interactive
context. In particular, we make two contributions:

(1) The development of a proof-of-concept game that shows how changes in player stress can be
detected during gameplay with indirect physiological sensors (e.g., heart rate and GSR) that
are available today on modern wearable devices, and

(2) Our results suggest an opportunity for indirect biofeedback, but not biophilia-based design, in
stress reduction games. We reflect on why results from psychology surrounding biophilia and
stress may not readily transfer from controlled lab experiments to more realistic computer
games.

2 RELATED WORK

The biophilia hypothesis [29] states that humans have an “urge to affiliate with other forms of
life”, and that interacting with nature is highly important for an individual’s health and well-being
[12, 13, 27]. Since its proposal, research has explored this hypothesis, and demonstrated that when
individuals fail to interact with the natural world, they can experience negative emotions such as
fear and anger, chronic stress, and diminished life satisfaction [12]. Conversely, interactions with
the natural world have been shown to improve cognitive abilities and reduce stress [25, 27]. These
responses are automatic, and consistent across individuals [4, 5, 27], suggesting that they are ideal
for integration into biofeedback games as indirect physiological control.
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To take advantage of this phenomenon, some work has sought to establish the bene ts of
biophilia in computing contexts. For example, it has been shown that its restorative e ects can be
realized through exposure to arti cial representations of nature (i.e., videos or phot?3)24],
instead of nature itself. Similarly, work by Valtchanov et a5 27 has shown that individuals
exposed to nature via virtual reality experienced lower stress levels and improved a ect during
experimental trials. In turn, these ndings have led to the development of psychological models
that can be used to assess emotional response to images @gy. However, this research has
largely focused on creating reactive systems that respond to a player's current emotional state,
rather than understanding how they may be used to more directly impact players and actively take
on arole in reducing their stress. Our research builds on previous work to better understand how
to e ectively design games that encourage stress awareness, that can respond to a player's stress
levels, and that promote stress management.

2.1 Biofeedback Games

The emergence of computing software and devices that can monitor and react to human physiology,
calledbiofeedbackprovides an opportunity to develop new tools to help individuals monitor
and cope with stress. Building on work that established connections between physiological and
a ective responses (e.g.1f), biofeedback games have been developed to respond to players using
physiological control, such as heart rate (HR) and galvanic skin response (GSR). In particular,
research has often strategically reached out to educate youths on health-related issues such as
stress management due to their prevalent involvement with gaming [6, 22].

Work addressing stress has often investigated the usdictphysiological control into games,
de ned as control via physiological input that a player can control voluntarily, such as exing
muscles or shifting eye gazd §§. The use of direct physiological control is particularly useful when
training users, such as in teaching breathing or meditation techniques to help cope with stress. For
example, Al Rihawi et al[1] developedodging Stresa game that trains players in deep breathing
techniques by increasing game di culty when the player's breathing rate di ers from a prescribed
target. Similarly, Parnandi et a]17] developedChill-Out, a game that aims to control breathing
rates by penalizing those that were too high with increased game di culty. Both projects were
found to be e ective in transferring deep breathing skills and reducing arousal during a stress
inducing task.

However, a drawback to direct physiological control is the need for specialized hardware to
monitor phenomena such as breathing. Such hardware can be expensive, invasive, and intimidating
to players. On the other hand, wearable devices, such as a smartwatch or a tness tracker, often
have a built-in heart rate monitor that can be used in sync with traditional game controllers
to enableindirectphysiological control. For exampl&levermind 1§ is a biofeedback-enhanced
adventure horror game aimed to help individuals cope with fear. While research has often explored
direct physiological control to promote stress management, an open question is whether indirect
physiological controls can be used to monitor and address stress in games.

Our research seeks to understand how indirect physiological control can be used in the design
of biofeedback games to address stress. In particular, we explore how biophilia, might be used
in conjunction with indirect physiological input to monitor, respond to, and ultimately a ect a
player's stress levels.

3 GAME DESIGN AND DEVELOPMENT

To understand how biophilia might be applied in a game context, we decided to develop our own
experimental computer game that would allow us to control a player's exposure to nature, and
test its potential in uence on stress. Our intention was to show how biophilia would impact a
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realisticgamingenvironment. That is, to show how biophilia might transfer from non-interactive
to interactive media (i.e., [27]).

Since the game was intended to serve as an experimental platform for our study, we also
strategically designed it to improve our ability to observe any e ect of biophilia on stress. For
instance, we wanted to avoid potential confounds to our measurement of stress, such as narrative or
in-game achievements, and selected a minimalist, non-violent exploration game to do so. Similarly,
we chose to focus on inducing biophilia, and not implementing a full biofeedback system, to enable
us to better isolate and measure the size of any potential e ects.

We developed a non-violent exploration game that drew inspiration frétowerby Thatgame-
company (Figure 1). We chose to emulate Flower due to its popularity on the PlayStation gaming
console, its focus on positive emotion and relaxation rather than “fun', and because of its similarity
to games used in past studies of biophili2d 27]. As an exploration game, our game has no explicit
objective; instead, players explore a 3D world, collect seed packages and boosters, and plant various
objects throughout the environment.

We created two versions of our game, based on either a natural (Figure 1 left) or urban (Figure 1
right) environment. While the underlying mechanics are identical for both games, audio and visual
features di er; the natural environment is designed to evoke a calming e ect via biophilia, with an
emphasis on blue/green colours and curved surfaces that are known to be associated with calming
e ects [25 27]. On the other hand, the urban environment's brown/yellow palette and sharp edges
have been shown to be perceived by humans as more stressful. In the natural setting, seeds allow
the player to plant trees and bushes, whereas in the urban setting they allow the player to place
buildings. Players also experience realistic audio while playing (e.g., tra ¢ in urban settings, or
running water of nearby streams in natural settings).

The game's controls are simplistic, and are entirely constrained to a mouse (with scroll wheel).
Players hold down the left mouse button to move forward and change direction by moving the mouse.
Flying through a marker (blue circles in Figure 1) allows players to pick up power-ups. Players
also have the option of passing through boosters that are distributed throughout the environment
allowing them to increase their travelling speed for a short time. As seeds are collected, players can
scroll through their inventory using the scroll-wheel, and " re' items (e.g., plants or houses) using
the right mouse button. As players explore the world and collect power-ups, their inventory is
displayed in the bottom right corner of the screen. During our study, the game was set to time out
after ve minutes of play, with a countdown displayed in the top right corner. The game's interface
is shown in Figure 2.

The game was developed in C# using Unity 5 over a four-month period. Nature and urban scenery
is generated procedurally, and so in nite navigation is possible, and constraints can control how
much urban vs. nature is visible. A unique feature of the game is support for indirect biofeedback,
and in particular, the ability to monitor and respond to player heart rate via in-game mechanics
(e.g., by increasing nature scenery when a player is stressed). We discuss the appropriateness of
this design, as well as areas for future work, at the end of this paper. As one contribution of this
research, the game's source code is available via https://osf.io/k5pvh/.

4 VIABILITY STUDY

To explore the viability of indirect physiological measurement of biophilia in a game setting, we
used our prototype game to experimentally expose players to either nature or urban settings. By
controlling a player's exposure to nature, we sought to con rm ndings from the psychology
literature that suggest that biophilia can be a useful tool in addressing stress, but within the
context of an interactive gamell]. In particular, we expected that participants playing in an urban
environment would experience a smaller decrease in stress and arousal than those in a natural
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setting [27]. In addition, the study provided an opportunity to assess the sensitivity of self-reported
and physiological measures of stress within gaming contexts.

4.1 Pilot

We rst conducted a pilot study with 10 participants, with an experimental design and procedure
similar to that reported below. Initial results were promising, with collected HR data revealing
signi cant di erences before and after gameplay. However, no e ects of biophilia were found. We
consulted local standards in HC8[ and best pracrices for CHI PLAYH, and decided to perform

a follow-up study to further investigate these e ects. We performed a power analysis iR@ver.
Our pilot data and work by Valtchanov et aj25] both suggested a large e ect sizg3(= "766.
Thus, we used Cohen's recommendations for a large e ect siZ&"6énd a power of 80.75%][ Our
analysis suggested that 20 participants would be su cient to identify large e ects in a follow-up
study.

4.2 Participants

We recruited 20 participants (10 male-identifying, 10 female-identifying) from a local university
and randomly assigned them to one of tvi@ame Typeconditions. Participants' age ranged from
19 to 33 years'8= = 23. Each participant received a $2 gift card for a local co ee shop.

4.3 Procedure

First, participants were introduced to the study, and asked to read and sign an informed consent
form and brief demographic questionnaire. Next, photoplethysmography (PPG) nger sensor and
galvanic skin response (GSR) electrodes were attached to the participant's non-dominant hand.

Fig. 2. The game interface comprises overlaid displays for inventory and time remaining. As players navigate
the environment, they come across pickups for items such as plants and trees.
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