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Abstract

Purpose — This study explores the impact of biophilic design in built environments on sustainable behaviors
through the innovative use of a serious game. By examining how exposure to biophilic elements influences
behaviors in real and virtual settings, the research aims to demonstrate the potential of serious games as tools
for promoting sustainability.

Design/methodology/approach — The study was conducted in three distinct experimental settings: (1) a
real environment pre-game, (2) a non-immersive game environment within the same real setting and (3) an
immersive game environment post-game. Data were collected from 162 participants who experienced these
different conditions. The serious game “Pop a Coffee Corner” was developed based on biophilic design
principles and used to assess behavioral changes.

Findings — Results indicated that exposure to biophilic design elements in real settings significantly
enhanced sustainable behaviors compared to non-biophilic environments. Additionally, playing the serious
game in a biophilic environment led to even greater improvements in sustainable behavior than exposure to
biophilic design alone. This demonstrates the effectiveness of serious games in fostering sustainable actions.
Research limitations/implications — The study’s findings are based on a specific university setting,
which may limit generalizability. Future research could explore long-term impacts and applications in diverse
contexts.

Practical implications — The research provides practical guidelines for incorporating biophilic design in
built environments, and developing serious games can be a practical strategy for architects, urban planners
and educators to promote sustainable behaviors among individuals. This approach can be applied in
educational settings, public spaces and workplaces to foster a deeper connection with nature and encourage
environmentally responsible behaviors.

Social implications — By demonstrating the effectiveness of biophilic design and serious games in
promoting sustainable behaviors, this study contributes to broader societal efforts to address environmental
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challenges. Implementing these strategies can lead to increased environmental awareness and pro-
environmental behaviors, ultimately supporting sustainability goals.

Originality/value — This study introduces the serious game approach as a novel method to evaluate and
promote sustainable behaviors through biophilic design. It highlights the potential for integrating biophilic
elements in both real and virtual environments to encourage environmentally responsible behavior, offering
valuable insights to architects, designers and policymakers.

Keywords Sustainable behavior, Biophilic design, Serious games, Virtual reality
Paper type Research paper

1. Introduction

The rapid increase in industrial production, high levels of consumption and disregard for nature
resulted in climate change and ecological disasters driven by environmentally inconsiderate
behaviors. Environmental degradation is a problem where the actions of individuals can have
significant negative impacts on the environment. A phenomenon known as the “commons
dilemma” (Hardin, 1968) is challenging to address, but research is ongoing. Humans’
disconnection from nature, spending most of their lives in built environments, contributes to
negative environmental attitudes (Nisbet ef @/, 2009). In built environments, sustainable design
solutions have been used to create environmentally responsible architecture, but this is not the
only solution (Kellert, 2008). While current sustainable design acknowledges the need for diversity
in building and design, it focuses primarily on reducing environmental impacts (Kellert, 2008).
However, when sustainable design is approached independently, it often ignores the importance
of achieving long-term sustainability (Kellert, 2008). This approach fails to reconstruct humans’
relationships with nature and promotes a mutually beneficial attitude in the built environment.
Solutions such as a biophilic approach are needed to create environments. This approach is
defined as a design method that integrates elements of the natural environment into the built
environment through specific design criteria (Kellert, 2008). Application of this approach in design
fields encourages individuals to be environmentally responsible and fosters positive changes in
their attitudes and behaviors (Wijesooriya and Brambilla, 2021).

Tools such as computers, virtual reality (VR), augmented reality, mixed reality and
serious games can help people experience designed environments. The literature supports
the use of biophilic design in this context, as it has been shown to positively affect users’
moods, knowledge and behavior (Browning and Ryan, 2020; Wijesooriya and Brambilla,
2021; Zhong et al., 2022; Bilgic and Ebbini, 2023). Studies showed that exposure to natural
elements in immersive VR reduced negative moods to the same extent as exposure to natural
elements in a built environment (Emamjomeh et al., 2020; Yin et al., 2018).

The serious game concept is critical to changing behavior (Schuller et al., 2013). It has been
used to test, change or determine human behavior (Aldrich, 2009; Tobler-Ammann et al.,
2017). Recent studies have shown that serious games, which aim to address environmental
issues, have positive effects on users’ cognitive outcomes, experiences, knowledge, learning
and behavior (Ozgen et al., 2020; Connolly ef al., 2012; Johnson et al., 2017; Senbel et al., 2014;
De Vries and Knol, 2011). Further research is needed to explore the effects of biophilic design
on sustainable behaviors through serious games. Understanding how these digital tools can
create environments and change individuals’ attitudes toward the environment is critical.

2. Objectives of the study

This research aims to promote sustainable behaviors through a biophilic environment via serious
games. It introduces the serious game concept as a new tool to evaluate the impact of exposure in
the biophilic environment on sustainable behaviors. The study is framed around three research
questions:

RQ1I. Isthere any difference between exposure to biophilic and non-biophilic environments
in real settings regarding sustainable behaviors?



RQ2. Does playing a serious game with biophilic design elements in a biophilic
environment change sustainable behaviors compared to a biophilic built
environment?

RQ3. What are the contrasting sustainable behaviors observed in real-world settings
versus virtual reality environments?

The research involves three studies and three hypotheses:

HI. There is a statistically significant difference between the control group
(experiencing the non-biophilic built environment) and the treatment group
(experiencing the built environment with biophilic design) regarding sustainable
behaviors.

H2. Participants who engage in a serious game incorporating biophilic design elements
exhibit more substantial improvements in sustainable behaviors than those who
only interact with the actual built environment.

H3. Participants exhibit distinct sustainable behaviors in a virtual reality environment
compared to real-world settings.

3. Literature review

3.1 Biophilic design and its relation to sustainable behaviors

Biophilic design is used in architecture and design to connect people with nature, making
them feel more connected and improving their well-being. This approach is achieved by
using natural elements such as plants and natural light and designing spaces that mimic
nature. Biophilic design can be used in both individual buildings and entire cities and has
been shown to have numerous benefits, such as reducing stress, promoting creativity and
mental clarity and improving overall well-being (Browning ef al., 2014; Kellert and Wilson,
1993; Kellert et al., 2008; Kellert, 2008, 2015). Salingaros (2019) and McGee et al. (2022)
developed biophilic indexes to assist designers to create biophilic built environments. These
indexes may help to satisfy users after implementing the biophilic design features
(Shakhshir and Sheta, 2023).

As the global population becomes increasingly urbanized, the importance of biophilic
design grows. This growth has led to Browning et al (2014) categorizing biophilic design
patterns into 14 items under three headings: nature in the space, natural analogues and nature
of the space. These design patterns aim to improve the connection between humans and nature
and to change the human experience (Ergan et al., 2019). Studies in the human-nature context
have shown that contact with nature increases pro-environmental attitudes in children and
youth (Collado and Corraliza, 2013; Hartig et al., 2001). Browning ef al. (2014, p. 3) explain the
connection between nature, human biology and the design of the built environment and how
this approach can be applied to design projects to achieve the positive effects of biophilia.

The current process of built environment design is a tectonic expression of architecture
that relies on the abstraction and popularization of physical separation from nature
(Salingaros and Masden, 2008). This separation leads to unsustainable behaviors (Ives et al.,
2018). However, sustainable behaviors are necessary to overcome natural disasters, global
warming, climate change and biodiversity loss. The shift from a natural environment to a
built environment in industrialized societies has resulted in a significant separation from
nature and has contributed to unsustainable energy use, biodiversity loss, pollution,
contamination, climate change, global warming, etc. The authors think that fundamental
design flaws play an essential role in this alienation from nature and can be addressed by
harmonizing with nature in the built environment (Kellert, 2008).
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Biophilic design can potentially change human behavior as an opportunity (Africa et al,
2019; Fink, 2011; Whitburn et al, 2019), indicating that it promotes pro-environmental
behaviors and relates to increasing environmental awareness. Tucker and Izadpanahi (2017)
showed that designed buildings connected to the natural world make participants
significantly more pro-environmental. Therefore, creating biophilic buildings or designing
solutions with nature connections encourages sustainable behaviors. Wijesooriya and
Brambilla (2021) reviewed the biophilic literature and investigated biophilic design’s
potential strengths, weaknesses, opportunities and threats within the built environment.
However, their study (2021) indicated that biophilic design research lacks a framework. Ryan
et al. (2014) stated that, some elements of biophilia are intrinsically challenging to measure,
and given the relatively early stage of biophilic design as a field, it is clear that further
research is crucial.

Engaging in actions aimed at caring for others and simultaneously protecting the
biophysical environment are the requirements of sustainable behavior (Bonnes and
Bonaiuto, 2002). A sustainable lifestyle seeks to create environmentally significant
behaviors, which can be defined by their impact on the ecosystem’s materials, energy or
dynamics (Stern, 2000). Therefore, these behaviors are based on human decision-making and
intend to change the environment (Stern, 2000). These behaviors and decision-making are the
processes of consumption actions in this frame. Consumption is often understood as a
consequence of decision-making concerning environmentally significant behavior (Corral-
Verdugo et al., 2014; Stern, 1997). Decision-making is part of cognitive functioning and can be
divided into sustainable and environmentally concerned behavior types: one-time actions
and repetitive actions (McKenzie-Mohr, 2000). Decision-making is choosing one option from
multiple competing alternatives (Jin et al, 2019; Peters ef al., 2011). This process involves
various steps, including information seeking, comparing alternatives, choosing an option
and finding the outcome. The decision-making process is influenced by the characteristics of
the situation and the individual decision-maker (Stern, 2000).

3.2 Serious games and behavior

Serious games aim to influence human behavior, cognition or attitudes through well-
designed digital games (Johnson et al., 2017). These games go beyond entertainment, offering
interactive computer-based experiences that educate and motivate users (Ritterfeld et al,
2009, p. 4). They are widely used in fields like healthcare, cognitive skills training and
learning (Primack et al, 2012; Parong et al., 2017; Connolly et al., 2012), often integrating
aspects of simulation with elements of fun and competition (Plass et al., 2018).

Research has explored how serious games can promote sustainable behaviors such as
energy conservation, recycling and reducing consumption. For instance, games like
“EnerCities” and “EnergyLife” demonstrated significant increases in energy-saving
attitudes and behaviors (De Vries and Knol, 2011; Gamberini ef al., 2001). However, not all
games show the same impact; “Ecolsland,” for example, did not influence energy-saving
motivation (Kimura and Nakajima, 2011). A review of serious game studies highlighted their
positive effects on behavior, cognition, learning and user experience in sustainability
contexts (Johnson et al, 2017). While some studies suggest potential adverse effects on
environmental attitudes (Gustafsson et al., 2009), others show promising results in enhancing
pro-environmental awareness (Ozgen et al., 2020). Theoretical frameworks like the theory of
planned behavior, self-determination theory and cognitive-behavioral theory help explain
how serious games can influence attitudes, beliefs and behaviors by shaping behavioral
intentions and perceived control (Ajzen, 1991; Deci and Ryan, 1985; Beck, 1976). The key
aspects of serious games that promote sustainable behaviors include game mechanics, goal-
oriented gameplay and decision-making scenarios (Deterding et al, 2011; Erhel and



Jamet, 2016; Hainey et al, 2016). These elements encourage players to behave
environmentally in a controlled virtual environment.

4. Method

4.1 Settings and the participants

This study was conducted in three different settings, and four corresponding data sets were
collected. The settings were as follows: Study Set 1 (Figure 1a) occurred within the science
building (Building A) of a university campus spanning 5,000 acres, with 3,000 acres
designated as forested areas. Study Set 2 (Figure 1b) was conducted in a non-immersive
computer environment within the same building as Study Set 1. Study Set 3 (Figure 1c) took
place in an immersive VR environment designed and created by the first author.
Additionally, a controlled experiment study aimed to gather data from a controlled group
in another building (Building B) of the same university. Building B was chosen due to its
architectural similarity to Building A, but with a distinct lack of biophilic design elements.

The selection of Building A as the physical setting for the experiment was based on its
high score of 43 out of 54 on the biophilic interior design index (BIDI) (Yin ef al., 2018; Ryan
et al., 2014). This score was determined by four architects, each possessing approximately
15 years of experience in sustainable design. Similarly, Building B was chosen for the
controlled experiment due to its lower BIDI score of 15 out of 54 (Yin ef al., 2018; Ryan et al.,
2014). Before commencing data collection, we designed the experiment using G¥Power to
calculate the required sample size (Faul et al, 2009). With a medium effect size (f = 0.25),
a = 0.05, and power (1-p) = 0.95, the calculation indicated a necessary sample size of
approximately 43 participants per group, totaling 172 participants. Subsequently, ethical
permissions were obtained from the university’s ethics council, and data were collected from
173 participants. However, 11 participants were excluded from the study for not meeting the
research criteria, resulting in data analysis being conducted on 162 participants. The sample
size varied slightly across groups, ranging from 40 to 43 participants. Previous studies on
serious games in decision-making contexts have reported participant numbers ranging from
15 to 189 (Linehan et al., 2009; Ong and Araral, 2021; Roungas et al., 2020).

Data collection occurred between 12:00 p.m. and 4:00 p.m. on weekdays to maximize
natural daylight, excluding days with overcast weather. Williamson and Cummins (1983)
have defined 1,000 lux as an overcast day and above 10,700 lux as daylight. Using this
information, we conducted measurements on the days of our experiment with the Light
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A’s entrance hall, (b)
Setting 2, Building A’s
study area, (c) Setting
3, virtual reality
experiment area
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Meter LM-3000 application. This app was developed and tested by optics scientists and
engineers, and it was calibrated for all iPhones and iPads using professional equipment, as
stated by the developer. We did not conduct experiments on days of daylight below 1,000 lux.
Our daylight measurements were generally around 14,000 lux on the days we conducted
experiments.

4.2 Experimental procedures

The experimental procedures of this research encompassed four distinct stages or
datasets. Firstly, in Study Set 1, the grounded theory (Glaser ef al., 1968) was used to create
a serious game design framework. The focus was on analyzing participants’ perceptions
of natural environments, specifically their views on sustainable behavior and biophilic
design. Participants experienced Building A’s interior space and completed
questionnaires for us to capture their perceptions of various biophilic design elements.
The findings from Study Set 1 were crucial in developing the framework for the
subsequent stages of the research.

Following Study Set 1, Study Set 2 centered on developing and implementing a serious
game based on the framework derived from the pre-game stage. This game aimed to explore
how biophilic design elements could influence human behavior. Participants engaged with
the serious game and completed sustainable behavior tests, providing data on the game’s
effectiveness in promoting sustainable behaviors.

In Study Set 3, researchers focused on evaluating the impact of environmental settings —
both VR and physical environments — on the configuration of the biophilic serious game.
Participants played the game in both VR and physical environments, allowing researchers to
compare behavioral changes across different settings and further understand the game’s
influence on sustainable behavior.

Lastly, a controlled experimental stage was conducted in Building B on the same
university campus. Building B was chosen as a controlled environment for Building A due to
its similarities in function, design language and material use while differing in biophilic
design elements. This choice aimed to ensure similar representations of indoor spaces and
evoke the same sense of natural space hierarchy (Richter et al., 2011).

Overall, these four datasets formed a comprehensive experimental approach to
investigating the effects of biophilic design elements on human behavior, encompassing
both virtual and physical environments for a holistic understanding of the research outcomes.

4.2.1 Study 1: pre-game procedure. Study 1 aimed to establish a foundational
understanding of how biophilic design influences user behavior and interaction. To
achieve this, we employed grounded theory, which systematically analyzes an individual’s
subjective perception of the biophilic design. This preliminary phase was crucial for framing
the development of the subsequent serious game. The procedure was as follows: First,
participants were recruited to ensure a diverse representation of perspectives on biophilic
design. They were invited to engage in Building A, chosen for its varied biophilic design
elements. Then, they completed a structured questionnaire to capture their perceptions and
reactions to different biophilic design elements in the building environment. Afterward, they
participated in semi-structured interviews. These interviews allowed for an in-depth
exploration of individual perceptions and attitudes toward sustainable behavior and
biophilic design. Finally, the data collected from the questionnaires and interviews were
analyzed to identify key themes and patterns related to biophilic design and sustainable
behavior. This analysis developed a conceptual framework that guided the design and
implementation of the serious game in Study 2.

4.2.2 Study Set 2: game procedure. This study focused on investigating how the game
environment affects user behavior. The results from the first study were used to develop a



biophilic design framework for the game. The game was designed to incorporate the
biophilic design elements found to be the most relatable and perceivable by participants,
such as visual connection with nature, dynamic and diffuse light, the presence of water and
mystery elements.

The study compared the effects of real and non-immersive virtual environments on
participants’ sustainable behaviors while playing the game. The sample groups were divided
into two: one group filled out questionnaires without playing the game, while the other group
filled out the same questionnaires after playing the game.

4.2.2.1 Game design. The game “Pop a Coffee Corner” was divided into two main parts.
Initially, players made decisions, followed by designing a coffee corner. This game aimed to
address sustainability issues in the coffee industry, including coffee cup waste,
transportation impact, CO, emissions and rainforest depletion.

Players used 22 items to design the coffee corner, such as bags, cups, various coffee
beverages, tables and chairs. The gameplay included challenges like time constraints, item
selection at the entrance, decision-making and placing items within the coffee corner, adding
complexity to the game. Structured as a clicker game, players had two minutes to make
decisions and earn points. During gameplay, chosen items were stored in an inventory bag
(Figure 2) and could be placed in the coffee corner after the designated time.

4.2.3 Study Set 3: post-game procedure. Study Set 3 compared real and virtual
environments for potential behavioral changes. This part of the study employed between-
subject designs. Participants engaged in tasks within a virtual reality (VR) environment
while playing the serious game “Pop a Coffee Corner,” which featured biophilic design
elements. After completing the gameplay process, we obtained the outcomes regarding the
participants’ sustainable behaviors from the game. The collected data underwent analysis to
discern any correlations, associations or differences between groups.

4.2.4 Controlled experimental stage. In this stage, a control group experiment was
conducted to determine whether a significant difference existed between the experimental
and control groups. Participants from Building B completed the sustainable behavior scale
(SBS) questionnaire in the indoor space of the same building. Subsequently, the collected data
were compared to other experimental groups’ data.

4.3 Instruments and tools

Clayton (2003) argues that environmental identity, supporting universal values,
environmental behaviors and environmental decision-making, can vary between cultures.
Clayton and Kilin¢ (2013) adapted the environmental identity and pro-environmental
behavior scale for participants’ nationality, which was utilized in this study. A total of 24
items on environmental identity and pro-environmental behaviors were included.
Sustainable consumption behavior (SCB) is increasingly concerning due to its
environmental impact (Bhamra et al, 2011). Quoquab et al. (2019) developed a reliable 24-
item SCB scale to understand users’ sustainable behaviors, which was adopted in this study.
Ajzen (1991) posited that three constructs shape human behavior: behavioral, normative and
control beliefs. The perception of behavioral control influences the effects of behavioral
attitude and subjective norms on intention. Self-assessment interview questions from
Ajzen’s (1991) theory of planned behavior question construction were adopted to understand
participants’ perceptions.

This study employed four instruments to gauge participants’ responses: the
environmental identity and pro-environmental behavior scale (Clayton and Kiling, 2013),
the SCB scale (Quoquab et al., 2019) and the theory of planned behavior question construction
scale (Ajzen, 1991). To ensure clarity and accuracy, these instruments were translated from
English to their native language and back to English.
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Figure 2.
(a) Game screen, (b)
Inventory screen
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Source(s): Figure created by authors

In this research, a serious game was developed using the unity game engine, while the VR
environment was experienced via HTC Vive headsets. Blender 3.6 was used for 3D modeling
aspects. Statistical data analysis was conducted using JASP 0.16.2.

5. Results

5.1 Study Set 1: pre-game findings

We analyzed the collected data through statistical methods. Within dataset 1, we coded the
dimensions and identified 14 distinct biophilic design elements (Table 1).

The data were coded into JASP version 0.16.2 for network analysis. The results are
presented in Table 2 and Figure 3. Table 2 provides a summary of the network analysis. Each
node in Figure 3 represents a biophilic design item, and the connections indicate their
relationships. The thickness of the connection reflects the strength of the association. Blue
connections represent positive associations, while red connections represent negative



Item category

Item number

Item name

Nature in the space (NIS1)

Nature in the space (NIS2)

Nature in the space (NIS3)

Nature in the space (NIS4)

Nature in the space (NIS5)

Nature in the space (NIS6)

Nature in the space (NIS7)

Natural analogues pattern (NA1)
Natural analogues pattern (NA2)
Natural analogues pattern (NA3)
Nature of the space patterns (NOF1)
Nature of the space patterns (NOF2)
Nature of the space patterns (NOF3a/b)
Nature of the space patterns (NOF4a/b)

Source(s): Table created by authors

NeNoolbN Neple BN GUN (R

Visual connection with nature
Non-visual connection with nature
Non-rhythmic sensory stimuli
Thermal and airflow variability
Presence of water

Dynamic and diffuse light
Connection with natural systems
Biomorphic forms and patterns
Material connection with nature
Complexity and order

Prospect

Refuge

Mystery

Risk/peril
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Abbreviation list of 14

biophilic items

Number of nodes Number of non-zero edges Sparsity
Table 2.
16 120/120 0.000 Summary of network
Source(s): Table created by authors analysis
© Nature in Space
@ Natural Analogues Pattern
© Nature of the Space Patterns
Figure 3.
Network analysis
diagram of biophilic

Source(s): Figure created by authors
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Figure 4.
Centrality plot graph

associations. The centrality plot reveals the highest betweenness measures, which include
visual connection with nature (NIS1), non-rhythmic sensory stimuli (NIS3), non-visual
connection with nature (NIS2) and presence of water (NIS5) (Figure 4).

We conducted a semi-structured interview with 20 participants (11 women and nine men)
and analyzed interview items (1- What do you know about sustainable behaviors? 2- How do
you perceive sustainable behavior? 3- Do you agree with the definition of sustainable
behavior above? Yes or No, please explain why. 4- Do you think exposing biophilic design
items in the building can change your attitude towards nature? Yes or No. Please explain
why. 5- How do you relate the biophilic design items of this building with your sustainable
behaviors? 6- How do you evaluate yourself regarding environmentally caring actions? 7-
What are the future advantages of working in the building? 8- What are the disadvantages of
working in the building next time?). Additionally, participants provided ratings for the
building’s design elements that promote sustainable behavior using a seven-point Likert
scale (Which design elements of this building would encourage sustainable behaviors?).
Visual connection with nature (item 1, score 57) and dynamic and diffuse light (item 6, score
25) obtained the highest scores.

The analysis led us to determine that non-rhythmic sensory stimuli, dynamic and diffuse
light, visual connection with nature, non-visual connection with nature and the presence of
water are the main elements that serve as the foundational components for the serious game
design framework in the Study Set 2 (Figure 5). We structured the framework into four
categories: physical, visible, non-visible and noticeable. Spatial arrangements like openings
and layering were essential to embody these categories within the environment. Structural
partitions such as windows, doors, the structure itself and objects are required for the
biophilic design to be applied to the environment.

Betweenness Closeness Degree Expected Influence

NOF4B -
NOF4A
NOF3B -
NOF3A
NOF2 4
NOF1 4
NA3 A
NA2 A
NA1 A
NIS7 4
NIS6 A
NIS5 A
NIS4 4
NIS3 A
NIS2 A
NIS1 A

Source(s): Figure created by authors
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5.2 Study Set 2: game findings

In this section, experimental groups were categorized into four: Group 0; control group,
Group 1; only biophilic treatment exposure group, Group 2; game players in a real
environment with a biophilic treatment exposure group and Group 3; Game players ina VR
environment with a biophilic treatment exposure group. Descriptive statistics were
conducted after that. Initially, Group 0 and Group 1 were analyzed to test H1, followed by
the analysis of Group 1 and Group 2 to test H2. Descriptive statistics indicated that Group
0 and Group 1 were normally distributed, as per the Shapiro-Wilk test results in Table 3.

After conducting descriptive statistics to test hypothesis H1, which posits a statistically
significant difference between the control group (experiencing the non-biophilic built
environment) and the treatment group (experiencing the built environment with biophilic
design) in terms of sustainable behaviors, an independent sample #-test was performed. The
results revealed a statistically significant difference between Group 0 and Group 1
concerning the SBS (Student’s #test p < 0.041). However, no significant difference was
observed between the groups regarding the subcategories of the SBS (see Table 4). Therefore,
H1 is supported.

Furthermore, descriptive statistics (refer to Table 3) were calculated to test the normality
of Group 1 and Group 2. The Shapiro-Wilk test results in Table 3 demonstrate that all
subcategories of the SBS were normally distributed (quality of life: Group 1 p = 0.52, Group 2
p = 0.22; care environmental well-being: Group 1 p = 0.15, Group 2 p = 0.06; environmental
identity: Group 1 p = 0.46, Group 2 p = 0.0454; pro-environmental behavior: Group 1
p = 0.39, Group 2 p = 0.87).

Following descriptive statistics, to test hypothesis H2, an independent sample ¢-test was
conducted. The results indicated a significant difference between Group 1 and Group 2
regarding SCB (quality of life: student’s #-test p = 0.028), environmental identity (student’s #-
test p < 0.001), pro-environmental behavior (student’s f-test p = 0.009) and SBS (student’s ¢-
test p = 0.022). The significance and non-significance of the p-values can be viewed in
Table 4. These findings support the claim that playing a serious game with biophilic design
elements leads to a more significant increase in participants’ sustainable behaviors than
merely experiencing the built environment; therefore, H2 is supported.

5.3 Study Set 3: post-game findings
The SBS exhibited acceptable consistency with all items and sub-categories (x = 0.85), and
an alpha level of 0.05 was utilized for all statistical tests. ANOVA was employed to compare
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QualityofLife CareEnvWellbeing EnvIdentity ProEnBeh SBS

Groups 0 1 2 0 1 2 0 1 2 0 1 2 0 1 2
Valid 41 42 40 41 42 40 41 26 40 41 26 40 41 43 40
Missing 0 1 0 0 1 0 0 17 0 0 17 0 0 0 0
Mean 3.86 4.03 421 381 3.89 4.05 5.23 5.09 591 351 35 381 3.69 3.85 4.02
Std. Dev 0.57 0.44 0.39 0.64 0.66 0.6 0.92 1.04 0.66 0.54 05 0.52 0.48 0.37 0.35
Skewness -045 -013 -015 -078 —-024 072 -0.71 031 -08 —0.17 045 006 —0.26 0.42 0.2
Std. Err. of Skewness 0.37 0.37 0.37 0.37 0.37 0.37 0.37 0.46 0.37 0.37 0.46 0.37 0.37 0.36 0.37
Kurtosis -061 -067 —091 039 -084 036 -06 —061 095 -062 -051 -046 -09 —-029 -0.16
Std. Err. of Kurtosis 0.72 0.72 0.73 0.72 0.72 0.73 0.72 0.89 0.73 0.72 0.89 0.73 0.72 0.71 0.73
Shapiro-Wilk 0.95 0.98 0.96 0.95 0.96 0.95 0.98 0.96 0.94 0.98 0.96 0.99 0.96 0.96 0.98
p-value of Shapiro-Wilk 0.09 0.52 0.22 0.07 0.15 0.06 0.53 0.46 0.04 0.57 0.39 0.87 0.11 0.18 0.7
Min 2.7 3 35 2.2 2.6 2.3 3.2 32 4 2.3 2.6 2.7 2.7 32 33
Max 49 49 49 49 49 49 7 7 7 45 46 49 45 47 49

Note(s): 0: Group 0, 1: Group 1, 2: Group 2

QualityofLife: quality of life is the sub-category of the sustainable consumption behavior scale, CareEnvWellbeing: care environmental well-being is the sub-category of
the sustainable consumption behavior scale, Envldentity: environmental identity, ProEnvBeh: pro-environmental behavior

Significant results suggest a deviation from normality

*p < 0.05

Source(s): Table created by authors




¢ df b
Group 0 and Group 1
SBS —1.764 82 0.041*
QualityofLife —1.460 81 0.074
CareEnvWellbeing —0.584 81 0.280
Envldentity 0.544 65 0.706
ProEnvBeh 0.053 65 0.521
Group 1 and Group 2
SBS —2.054 81 0.022*
QualityofLife —1.947 80 0.028*
CareEnvWellbeing -1.153 80 0.126
Envldentity -3.902 64 <0.001**
ProEnvBeh —2.408 64 0.009*

Note(s): QualityofLife: quality of life is the sub-category of the sustainable consumption behavior scale,
CareEnvWellbeing: care environmental well-being is the sub-category of the sustainable consumption
behavior

The alternative hypothesis specifies that Group 0 is less than Group 1 for all tests

The alternative hypothesis specifies that Group 1 is less than Group 2 for all tests

Source(s): Table created by authors
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Table 4.

Summary of Group 0 —
Group 1, and Group 1 —
Group 2 comparisons

the mean scores among Group 1, Group 2 and Group 3. Effect size values, represented by Eta-
squared values, are provided in the table for the scores exhibiting statistically significant
differences between the groups.

ANOVA coefficient,

Sum of squares between groups = > (3 X/n; 0 X)?IN

Where:

X, = Individual scores in each group
n; = Number of scores in each group
N = Total number of scores.

Post-hoc analyses were conducted using the Bonferroni test for scores identified with
significant differences among the groups, and Table 5 includes information on which specific
groups contributed to these differences. The mean scores for care environmental well-being
(CareEnvWellbeing) among the groups displayed statistically significant differences
(p = 0.027 < 0.05). This difference primarily arises from variations between Group 2 and
Group 3, indicating that distinct biophilic designs significantly influence the
CareEnvWellbeing score (p = 0.024 < 0.05).

ANOVA results indicate statistically significant differences in environmental identity
(Envldentity) mean scores among the groups (p < 0.001). Subsequent post-hoc analyses
reveal that Group 1 significantly differs from both Group 2 and Group 3 concerning this
score, suggesting that gaming behavior impacts this score, as Group 1 participants, who do
not engage in gaming, exhibit lower EnvIdentity scores compared to Group 2 and Group 3.

Regarding the pro-environmental behavior (ProEnvBeh) score comparison among the
groups, significant differences were detected (p = 0.036 < 0.05). Further post-hoc analysis
unveils a statistically significant difference, specifically between Group 1 and Group 2,
concerning the ProEnvBeh score (p = 0.030 < 0.05).

The statistical analysis above supports H2 but indicates that H3 is rejected.

Pearson’s correlation test demonstrated the relationship between SBS and game score or
unsustainable-sustainable decisions within Group 2 and Group 3. The statistics indicated no
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Table 5.
Summary of
ANOVA tests

Group Mean Std. deviation Eta-square F b
SBS

Group 1 3.82 0.37

Group 2 4.02 0.35 - 1,975 0.143
Group 3 3.92 0.40

CareEnvWellbeing

Group 1 4.03 0.69

Group 2 4.05 0.60 0.058 3,715 0.027*
Group 3 3.65 0.77

Group 2 - Group 3 0.024*
QualityofLife

Group 1 4.12 043

Group 2 421 0.39 - 1,763 0.176
Group 3 413 0.47

Envldentity

Group 1 51 1.05

Group 2 591 0.66 0.137 8,311 <0.001%**
Group 3 5.65 0.74

Group 1 - Group 2 <0.001**
Group 1- Group 3 0.018*
ProEnvBeh

Group 1 35 0.51

Group 2 381 0.52 0.062 3,445 0.036*
Group 3 37 0.40

Group 1 - Group 2 0.030*

Note(s): 95% confidence interval, *p < 0.05, **p < 0.001
Source(s): Table created by authors

significant correlation between game scores (p = 0.342), unsustainable (p = 0.121) and
sustainable choices (p = 0.958) and the SBS (p = 0.435) scores of the participants.

6. Discussion

Scientific studies emphasize the environment’s influence on sustainable behaviors,
particularly within built environments. Since a significant portion of our daily lives takes
place within the built environments, the impact of these environments on our behaviors is
inevitable. In this context, biophilic design is key to shaping these behaviors, while serious
games have emerged as a research tool to analyze them. This study employed the serious
game approach as a novel measurement tool to comprehend and analyze individuals’
sustainable behaviors.

Four experiments tested three hypotheses and addressed three research questions,
revealing that biophilic design fosters sustainable behaviors. Playing a serious game with
biophilic elements in a biophilic environment further strengthens sustainable behaviors
compared to just being in a biophilic environment.

Our findings partially support H1. Results indicated that there is a difference between
exposure to biophilic and non-biophilic environments regarding SBS, and this outcome
supports the literature (Ryan and Browning, 2020; Wijesooriya and Brambilla, 2021;
Zhong et al., 2022). However, there is no support for sub-categories in SBS. When looking
at the overall picture of sustainable behaviors, a difference is observed between the two



participant groups; however, when each subcategory of SBS is examined individually,
there is no specific difference in environmental identity, SCB and pro-environmental
behavior. Participants tend to exhibit more sustainable behaviors when exposed to a
biophilic design environment. However, when specifically analyzed, there is no
significant distinction in their environmental identities, SCBs and pro-environmental
behaviors.

Furthermore, the study supports H2. Combining the game with biophilic design and the
biophilic physical environment has a more positive impact on participants’ sustainable
behavior than the environment alone. However, H3 is not supported. We could not find a
significant distinct factor between real and immersive virtual environments. This result
aligns with previous literature (Emamjomeh et al,, 2020; Yin ef al., 2018), suggesting no
distinct factor between real and immersive virtual environments. Consequently, an
immersive VR environment can be a great and valuable option for researchers with
limited real-life applications.

Before we started the experiments, we assumed there would be a correlation between
game scores and the sustainable behaviors of the participants. However, this assumption
was not supported by the results of the analysis. Participants prioritized sustainability
over high scores when selecting game items during gameplay. This may be attributed to
serious games’ influence as entertainment (Squire, 2003).

7. Strengths and limitations

This section evaluates the strengths and limitations of our study. Introducing a serious game
to study the impact of biophilic design on sustainable behaviors adds to sustainability and
behavior research. Three test conditions (real, non-immersive virtual and immersive virtual
environments) enhance the study’s robustness. Transparent instruments and identifying
biophilic elements provide practical insights for architects and policymakers. Data collection
at various stages allows comprehensive analysis, offering multidisciplinary perspectives on
biophilic design and sustainable behaviors.

Our study focuses on assessing and analyzing participants’ sustainable behaviors, which
are fundamental to behavioral psychology. It examines how biophilic design affects
behaviors, exploring psychological mechanisms and environmental impacts. Biophilic
design elements were categorized into physical, visible, non-visible and noticeable elements,
highlighting their influence on behavior and perceptions.

However, findings may have limited generalizability due to the specific context and
controlled environment. Some participants were excluded due to motion sickness and
unfamiliarity with the VR environment. The study focuses on short-term behavioral
changes, not capturing long-term sustainability behaviors. Future research could address
these limitations to expand understanding.

8. Conclusion
In summary, we proposed that playing a serious game designed with a biophilic approach in
a biophilic environment supports sustainable behaviors. The first author developed the
game, and findings showed biophilic design positively impacted participants. Gameplay in
this environment influenced sustainable behavior more than other conditions. These results
support using serious games as cost-effective alternatives to expensive research setups for
studying environmental impacts on behavior.

Participants noted that elements of biophilic design, such as visual and non-visual
connections with nature, water presence, dynamic light, sensory stimuli and mystery
conditions, significantly impacted their sustainable behaviors. Future studies should
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examine these elements individually as Ryan ef al. (2014) stated in their research. Literature
confirms biophilic design’s role in behavior, mood and cognition (Emamjomeh et al., 2020;
Ryan and Browning, 2020; Wijesooriya and Brambilla, 2021; Yin ef al., 2018; Zhong et al.,
2022) and our study assessed its behavioral effects on sustainability.
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