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ABSTRACT 

 

 

ENHANCING SUSTAINABLE BEHAVIOR VIA A SERIOUS GAME: THE ROLE 

OF BIOPHILIC DESIGN IN REAL AND VIRTUAL SETTINGS 

 

 

Özgen Turan, Dilay Seda 

 

Ph. D., Department of Interior Architecture and Environmental Design 

Advisor: Prof. Dr. Yasemin Afacan 

Co-Advisor: Assoc Prof. Elif Sürer 

 

 

September 2024 

 

 

Traditional sustainable design efforts often fail to significantly influence human behavior 

towards sustainability. This gap highlights the need for innovative approaches to 

encourage environmentally responsible actions in built environments. 

The aim of this thesis is to explore the potential of biophilic design—an architectural 

approach that integrates natural elements into built environments—to foster sustainable 

behaviors. Additionally, the study introduces the use of serious games as a novel tool to 

simulate real-world scenarios and influence behavior towards sustainability. Serious 

games can bridge the gap between awareness and action, offering a unique opportunity to 

reshape attitudes toward sustainability. 

 

The research involved 162 participants and was conducted in four distinct environments: 

two real-world settings, a non-immersive computer environment, and an immersive 
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virtual reality (VR) setting. The study compared behaviors in biophilic and non-biophilic 

environments, and examined the role of serious games in enhancing sustainable behaviors 

in these different contexts.  

 

Findings reveal that biophilic design in real environments positively influences 

sustainable behaviors more than non-biophilic environments. Moreover, integrating 

biophilic design into serious games further enhances these behaviors, especially when 

experienced in an immersive virtual reality (VR) setting. The study underscores the 

potential of combining biophilic design with serious games as a powerful strategy to 

promote sustainable behaviors, offering insights into how digital tools can reconnect 

individuals with nature and encourage environmentally responsible actions. 

 

Keywords: Sustainable Behavior, Biophilic Design, Serious Games, Virtual Reality
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ÖZET 

 

CİDDİ BİR OYUN YOLUYLA SÜRDÜRÜLEBİLİR DAVRANIŞLARIN 

GELİŞTİRİLMESİ: GERÇEK VE SANAL ORTAMLARDA BİYOFİLİK TASARIMIN 

ROLÜ 

 

Özgen Turan, Dilay Seda 

Doktora, İç Mimarlık ve Çevre Tasarımı Bölümü 

Tez Danışmanı: Prof. Dr. Yasemin Afacan 

2. Tez Danışmanı: Doç. Dr. Elif Sürer 

 

 

Eylül 2024 

 

Geleneksel sürdürülebilir tasarım çabaları, genellikle insan davranışlarını 

sürdürülebilirliğe yönlendirme konusunda önemli bir etki yaratamamaktadır. Bu boşluk, 

yapılılı çevrelerde, doğal çevreye duyarlı eylemleri teşvik etmek için yenilikçi 

yaklaşımlara olan ihtiyacı ortaya koymaktadır. 

Bu tezin amacı, doğal unsurları yapılı çevrelere entegre eden bir mimari yaklaşım olan 

biyofilik tasarımın sürdürülebilir davranışları teşvik etme potansiyelini araştırmaktır. 

Ayrıca, çalışma, gerçek dünya senaryolarını simüle ederek sürdürülebilir davranışları 

etkilemek için ciddi oyunların kullanımını yenilikçi bir araç olarak tanıtmaktadır. Ciddi 
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oyunlar, farkındalık ve eylem arasındaki boşluğu doldurarak sürdürülebilirliğe yönelik 

tutumları yeniden şekillendirmek için benzersiz bir fırsat sunabilir. Araştırma, 162 

katılımcıyı içermekte olup, iki gerçek dünya ortamı, bir bilgisayar ortamı ve bir sanal 

gerçeklik (VR) ortamı olmak üzere dört farklı ortamda gerçekleştirilmiştir. Çalışma, 

biyofilik ve biyofilik olmayan ortamlardaki davranışları karşılaştırmış ve farklı 

bağlamlarda ciddi oyunların sürdürülebilir davranışları artırmadaki rolünü incelemiştir. 

Bulgular, biyofilik tasarımın gerçek ortamlar içinde, biyofilik olmayan ortamlara kıyasla 

sürdürülebilir davranışları daha olumlu yönde etkilediğini ortaya koymaktadır. Ayrıca, 

biyofilik tasarımın ciddi oyunlara entegre edilmesi, özellikle daldıran bir VR ortamında 

deneyimlendiğinde, bu davranışları daha da güçlendirmektedir. Çalışma, biyofilik 

tasarımın ciddi oyunlarla birleştirilmesinin sürdürülebilir davranışları teşvik etmek için 

güçlü bir strateji olduğunu vurgulamakta, dijital araçların bireyleri doğa ile yeniden 

bağlayabileceği ve çevreye duyarlı eylemleri teşvik edebileceği yönünde önemli içgörüler 

sunmaktadır. 

Anahtar Kelimeler:  Sürdürülebilir Davranış, Biyofilik Tasarım, Ciddi Oyunlar, Sanal 

Gerçeklik
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CHAPTER I: 

 

INTRODUCTION 

 

 

 

The rapid growth of industrial production, coupled with increased consumption 

and a disregard for natural resources, has led to significant climate change and 

ecological crises. The United Nations (2019) report clearly warns that if these 

issues are not urgently addressed, the global temperature is projected to rise by 

1.5°C, exceeding previous expectations. In response, various organizations have 

begun raising awareness among governments, societies, and individuals about the 

impending environmental catastrophe. However, certain governments, 

particularly those contributing most to environmental degradation, remain 

indifferent to these warnings. Greta Thunberg, a young environmental activist, 

has highlighted the severity of the situation, stating, “Nature is dying, and almost 

nothing is being done.” (BBC Thunberg, 2019, 0:45). This raises critical questions 

about the role of built environment design in mitigating environmental harm and 

how these spaces can contribute to protecting nature. 
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While sustainable design practices have made strides in reducing environmental 

impacts by minimizing pollution, waste, and energy consumption, they often fall 

short in achieving long-term sustainability. Kellert (2008) criticizes the 

sustainable design movement for focusing too narrowly on reducing 

environmental impacts, without fostering a deeper, mutually beneficial 

relationship between humans and nature. This approach, while necessary, does 

not fully address the need to reconstruct human-nature relationships within the 

built environment. Therefore, the question arises: how can the design of spaces 

influence people's attitudes toward nature? 

 

Biophilic design, which includes natural elements into the built environment, is 

supported by literature as a means to encourage environmentally responsible 

behavior. However, implementing biophilic design in existing buildings can be 

challenging due to complex renovation processes, stakeholder priorities, and 

regulatory constraints (Clarke et al., 2018; Thuvander et al., 2012; Kamari, 

Corrao, & Kirkegaard, 2017). Furthermore, some environments, such as intensive 

care units or military zones, may face restrictions on incorporating biophilic 

elements due to government regulations ("T.C. Cumhurbaşkanlığı Mevzuat Bilgi 

Sistemi", 2020). 

 

To address these challenges and promote environmental responsibility, digital 

tools like immersive virtual reality (VR), augmented reality (AR), and serious 

games have been utilized to simulate biophilic environments. Studies have shown 
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that exposure to natural elements in VR can reduce negative moods similarly to 

physical environments (Emamjomeh et al., 2020; Yin et al., 2018; Zou & Ergan, 

2019). These technologies offer a promising avenue for understanding the effects 

of biophilic design on human behavior without the need for costly and time-

consuming physical construction. 

 

The concept of serious games, which are designed to influence behavior through 

education, training, and engagement, has been identified as a key tool for 

promoting pro-environmental behaviors (Schuller et al., 2013; Aldrich, 2009; 

Tobler-Ammann et al., 2017). Research indicates that serious games can 

effectively enhance users' cognitive outcomes, experiences, and environmental 

awareness (de Vries & Knol, 2011; Connolly et al., 2012; Johnson et al., 2017; 

Senbel et al., 2014). By incorporating biophilic design into serious games, it is 

possible to create virtual environments that foster sustainable behaviors. 

 

1.1.Problem Statement 

 

The rapid rise in industrial production, excessive consumption, and neglect of 

natural resources have caused major environmental issues like climate change and 

ecological degradation. These problems stem from people’s disconnection from 

nature, as most now live in built environments without natural elements (Nisbet et 

al., 2009). While sustainable design aims to address these issues through eco-

friendly architecture, it often focuses only on reducing environmental impacts, 
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without fostering a deeper connection with nature (Kellert, 2008). This has 

highlighted the need for more effective strategies that not only reduce 

environmental footprints but also encourage pro-environmental behaviors by 

transforming individuals’ relationships with their environment. 

 

A promising way to address this challenge is by using biophilic design, which 

involves adding natural elements to built environments. This approach can 

improve human well-being and encourage care for the environment. (Browning & 

Ryan, 2020). However, the potential of biophilic design to influence sustainable 

behaviors is underexplored, particularly in digital environments such as serious 

games. Serious games, which blend educational content with interactive 

gameplay, present an opportunity to simulate real-world scenarios and influence 

player behavior in a controlled, engaging manner (Connolly et al., 2012). 

Research has shown that exposure to natural elements in immersive VR can 

positively impact mood and behavior, similar to physical biophilic environments 

(Yin et al., 2018). 

 

The significance of this research stems from its potential to offer valuable insights 

into how biophilic design can be effectively utilized in both real and virtual 

environments to foster a deeper connection to nature and encourage sustainable 

behaviors. By understanding the impact of biophilic elements within serious 

games, this study could inform the development of new strategies for 

environmental education and behavior change, thereby contributing to broader 
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sustainability goals. 

To address this problem, the research will focus on the following objectives: 

To assess the impact of exposure to biophilic and non-biophilic 

environments on sustainable behaviors in real-world settings 

To evaluate how incorporating biophilic design elements into a serious 

game influences sustainable behaviors compared to biophilic built environment. 

To compare sustainable behaviors between participants exposed to real-

world environments and those exposed to virtual reality environments, 

particularly with a focus on biophilic design. 

 

1.2. Aim and Scope 

 

This thesis seeks to encourage sustainable behaviors through the use of a biophilic 

environment within a serious game. It introduces the concept of a serious game as 

an innovative tool to assess the influence of exposure to a biophilic environment 

on sustainable behaviors. The study is guided by three research questions: 

 

RQ1: Is there any difference between exposure to biophilic and non-biophilic 

environments in real-world 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 
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settings versus virtual reality environments? 

 

The research involves three studies and three hypotheses: 

H1: 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 demonstrate different sustainable behaviors in a virtual reality 

environment compared to real-world settings. 

 

1.3. Structure of the Thesis 

 

This thesis is organized into eight chapters. The first chapter provides an 

introduction to the study, outlining the research problem, objectives, research 

questions, hypotheses, and the significance of the work. Following the 

introductory chapter, two chapters are dedicated to reviewing the relevant 

literature. 

 

The second chapter delves into sustainable behaviors. It explores the definitions, 

importance, and implications of sustainable behaviors, providing a comprehensive 
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overview. Additionally, this chapter examines related concepts such as pro-

environmental behavior, environmental identity, and sustainable consumption 

behavior. 

 

The third chapter focuses on the concept of biophilic design. It covers various 

definitions and approaches to biophilic design, as well as its connection to 

sustainable behaviors. This chapter also discusses how biophilic environments 

influence sustainability efforts. 

 

The fourth chapter addresses the topic of serious games. It defines serious games 

and explores their various applications. The chapter further explains how serious 

games are used to promote sustainable behavior and how they function within 

virtual environments. 

 

Chapter five presents the methodology employed in the thesis. This includes the 

research aims, questions, hypotheses, and the proposed game design framework. 

Moreover, this chapter details the study’s settings, participants, and the 

instruments used, such as surveys, questionnaires, and game development tools. 

The procedures for the pre-game, game, immersive game, and controlled 

experiments are also outlined. 

 

The sixth chapter presents the qualitative and quantitative findings derived from 

the surveys and questionnaires. It distinguishes the findings from each 
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experimental stage under separate headings. Additionally, this chapter provides a 

statistical analysis of all the collected data sets. Moreover,  

 

In chapter seven, the discussion section is presented. This chapter discusses the 

results from all study phases, comparing them with existing literature. The 

findings are critically analyzed in the context of the literature. 

 

Finally, the chapter eight concludes the thesis by summarizing the key findings 

and discussing the limitations of the study. It also offers suggestions for future 

research. Additionally, this chapter introduces the serious game as a tool for 

evaluating sustainable behaviors. All relevant written and visual materials, 

evaluation tools, and statistical analyses are included in the appendices.
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CHAPTER II: 

 

SUSTAINABLE BEHAVIOR 

 

 

 

Sustainability is typically understood as the ability to fulfill current needs without 

hindering future generations from fulfilling theirs. It involves maintaining a 

balance between economic development, environmental conservation, and social 

fairness (World Commission on Environment and Development, 1987). 

Achieving sustainability requires the responsible use of resources to guarantee 

their long-term availability, supported by a holistic approach that considers the 

interconnectedness of environmental, economic, and social factors (Gladwin et 

al., 1995). Environmental sustainability, in particular, focuses on reducing 

harmful environmental effects and encouraging practices that safeguard natural 

resources (Gibson, 2006). Examples of such practices include cutting down on 

carbon emissions (IPCC, 2018), ensuring water conservation (Gleick, 2003), 

protecting biodiversity (Chapin et al., 2000), and improving waste management 

(Kaza et al., 2018). These actions help maintain the health of ecosystems, which 
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is crucial for sustaining essential services such as clean air, water, and food 

supplies (Daily, 1997). 

 

Environmental sustainability is one of the most pressing challenges facing 

contemporary societies. As the detrimental impacts of human activities on the 

planet become increasingly apparent, the need for sustainable behaviors that 

protect and preserve the environment has never been more critical. Understanding 

the factors that drive such behaviors is essential for developing strategies that can 

effectively promote sustainability across different contexts. This growing body of 

research underscores the importance of examining the relationship between 

humans and nature, particularly how a disconnection from natural environments 

contributes to environmental degradation. 

 

People, societies, and governments are increasingly confronted with 

environmental and sustainability challenges. In response, researchers have shifted 

their focus to the relationship between humans and nature to better understand the 

root causes of environmental problems. As a result, the study of sustainable 

behaviors has become a significant area of interest (Nisbet et al., 2009; Nisbet & 

Zelenski, 2013). It is argued that a disconnection from the natural environment 

may lead to the degradation of the planet (Nisbet et al., 2009).   Sustainable 

behavior, therefore, encompasses a set of actions designed to protect the world
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and its resources, embodying a sustainable lifestyle (Corral-Verdugo, Frías, & 

García, 2010). Engaging in behaviors that simultaneously care for others and 

protect the biophysical environment is essential for sustainable practices (Bonnes 

& Bonaiuto, 2002). The goal is to foster environmentally significant behaviors, 

which can be defined by their impact on the environment—whether through 

altering the availability of materials or energy, or by changing the structure and 

dynamics of ecosystems or the biosphere (Stern, 2000). 

 

As environmental protection becomes a critical factor in human decision-making, 

environmentally significant behavior also takes on the meaning of actions 

undertaken with the intention of benefiting the environment (Stern, 2000). A 

common understanding of such behaviors is closely related to consumption and 

the decisions that follow (Stern, 1997).  Generally, these behaviors and decision-

making processes are integral to how consumption activities are framed.  

 

Consumption is often viewed as a result of decision-making processes related to 

behaviors that significantly impact the environment (Corral-Verdugo et al., 2014; 

Stern, 1997). Decision-making, a key aspect of cognitive functioning, can be 

categorized into sustainable and environmentally conscious behaviors, including 

both one-time actions and those that are repeated (McKenzie-Mohr, 2000). This 

process entails selecting one option from various competing alternatives (Jin et 

al., 2019; Peters, Dieckmann & Weller, 2011). It involves several stages, such as 

gathering information, evaluating alternatives, making a choice, and assessing the 
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results. The decision-making process is shaped by both the characteristics of the 

situation and the traits of the individual making the decision. 

 

To promote sustainable behaviors, many scientists have dedicated years of 

research. One study synthesized findings from previous research and 

recommended design methods that support sustainable behaviors (MacDonald & 

She, 2012). In conclusion, fostering sustainable behaviors is crucial for addressing 

the environmental challenges that threaten the future of our planet. By exploring 

the factors that influence these behaviors, such as values, beliefs, and norms, and 

by understanding the role of various types of pro-environmental actions, 

researchers can develop more effective strategies for encouraging sustainable 

practices. The insights gained from this research are vital for guiding future 

efforts in environmental protection and sustainability, ensuring that individuals, 

societies, and governments can work together to preserve the natural world for 

generations to come. 

 

2.1. Pro-environmental Behavior 

 

Pro-environmental behavior (PEB) is a crucial component in the broader context 

of promoting sustainable behaviors. This concept refers to actions undertaken by 

individuals that contribute to the preservation and improvement of the 

environment, thus supporting the long-term sustainability of ecosystems (Stern, 

2000). Understanding and encouraging PEB is essential for addressing the global 
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environmental challenges posed by climate change, resource depletion, and 

biodiversity loss (Kollmuss & Agyeman, 2010; Geiger, Geiger & Wilhelm, 2019). 

 

Several theories have been developed to explain and predict PEB, each providing 

unique insights into the factors that motivate individuals to act in environmentally 

friendly ways. The Theory of Planned Behavior (TPB), for instance, suggests that 

behavior is driven by attitudes, subjective norms, and perceived behavioral 

control. According to TPB, individuals are more likely to engage in PEB when 

they have positive attitudes toward the environment, perceive social pressure to 

act sustainably, and believe they have the capability to make a difference (Ajzen, 

1991). 

 

Another influential framework is the Value-Belief-Norm theory, which posits that 

individuals' values shape their beliefs about environmental issues, which in turn 

form personal norms that drive pro-environmental actions. This theory 

emphasizes the role of moral obligations and the internalization of environmental 

values as key drivers of PEB (Stern, 2000). 

 

The significance of PEB lies in its direct impact on reducing environmental 

degradation and promoting sustainability. Behaviors such as energy conservation, 

waste reduction, sustainable consumption, and support for environmental policies 

are all forms of PEB that contribute to the reduction of ecological footprints and 

the promotion of sustainable development (Farrow et al., 2017). 
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Encouraging PEB is also vital for creating a culture of sustainability. As more 

individuals adopt environmentally friendly behaviors, these actions can spread 

through social networks, creating a ripple effect that amplifies their impact. This 

is particularly important in the context of climate change, where collective action 

is necessary to achieve significant environmental benefits (Geiger, Geiger & 

Wilhelm, 2019). 

 

Moreover, promoting PEB through education, awareness campaigns, and policy 

interventions can lead to long-term behavioral changes that are essential for 

sustaining environmental improvements. For instance, increasing public 

awareness about the consequences of environmental degradation and the benefits 

of sustainable living can motivate individuals to adopt and maintain pro-

environmental behaviors (Farrow et al., 2017). 

 

The Pro-Environmental Behavior Scale (PEBS) developed by Kılınç and Clayton 

(2013) is a tool designed to measure individuals' engagement in behaviors that 

positively impact the environment. It aims to assess the frequency and extent of 

pro-environmental actions taken by individuals in their daily lives. 

 

In conclusion, PEB plays a critical role in achieving sustainability by directly 

contributing to environmental protection and fostering a societal shift towards 

sustainable living. By understanding the underlying motivations and barriers to 

PEB, policymakers and educators can design more effective strategies to promote 
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these behaviors, ultimately leading to a more sustainable future. 

 

2.2. Environmental Identity 

 

Environmental identity refers to the way individuals perceive themselves in 

relation to the natural environment, and how this perception influences their 

behaviors and attitudes toward sustainability (Clayton, 2003). The concept of 

environmental identity has gained significant attention in the field of 

environmental psychology, as it provides a deeper understanding of the intrinsic 

motivations that drive sustainable behaviors. According to Clayton, 

environmental identity is not just about the actions one takes but also about how 

these actions are tied to a person’s self-image and values. For example, 

individuals who identify strongly with the environment may feel a personal 

responsibility to act in ways that are environmentally sustainable. This sense of 

responsibility often translates into behaviors such as reducing waste, conserving 

energy, and supporting environmental policies. 

 

Several other approaches complement Clayton's (2003; 2012) framework by 

exploring how environmental identity intersects with broader psychological 

theories. For instance, the Value-Belief-Norm theory posited by Stern (2000) 

suggests that personal values and beliefs about the environment are critical in 

shaping pro-environmental norms, which then influence sustainable behaviors. In 

this context, environmental identity can be seen as a reflection of these deeper 
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values and beliefs, driving individuals to act in ways that are consistent with their 

environmental ethics. 

 

The connection between environmental identity and sustainable behaviors is well-

documented across various studies. For example, individuals with a strong 

environmental identity are more likely to participate in activities such as 

recycling, supporting renewable energy initiatives, and engaging in political 

activism for environmental causes (Whitmarsh & O'Neill, 2010). Clayton (2003) 

emphasizes that individuals with a strong environmental identity feel a deep 

connection with the natural world, which translates into a range of pro-

environmental behaviors. These individuals are more likely to adopt behaviors 

such as reducing energy use, purchasing eco-friendly products, and advocating for 

environmental policies as part of their personal identity. Stets and Biga (2003) 

conducted a study showing that individuals who identify strongly with 

environmental values are more likely to engage in behaviors such as water 

conservation, energy-saving practices, and reduced car use. This strong 

environmental self-identity motivates behavior that is consistent with protecting 

the environment. Hinds and Sparks (2008) found that people with a strong 

environmental identity are more likely to exhibit environmental volunteerism and 

nature conservation behaviors. Their study also highlighted the role of emotional 

connection to nature as a motivator for pro-environmental actions. These 

behaviors are not only motivated by external factors, such as social pressure or 

economic incentives, but also by an intrinsic desire to maintain consistency with 
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one’s self-concept as an environmentally responsible person. 

 

Moreover, environmental identity has been linked to long-term commitment to 

sustainability. Unlike behaviors driven by external rewards or punishments, those 

rooted in a strong environmental identity are more likely to be sustained over 

time, even in the absence of external incentives. This is because these behaviors 

are seen as integral to one’s identity and self-worth (Clayton, 2012). 

 

Understanding environmental identity provides valuable insights into the 

psychological underpinnings of sustainable behaviors. Clayton’s approach, along 

with other theoretical frameworks, highlights the importance of integrating 

environmental concerns into the self-concept to foster long-lasting and 

meaningful sustainable practices. As environmental challenges continue to grow, 

strengthening environmental identity across diverse populations may be key to 

achieving broader sustainability goals. 

 

2.3. Sustainable Consumption Behavior 

 

Sustainable consumption behavior refers to the decision-making processes and 

actions of individuals that aim to meet their needs while minimizing their impact 

on the environment, society, and future generations (Stern, 2000). This behavior 

is essential in addressing global challenges such as climate change, resource 

depletion, and environmental degradation. Sustainable consumption encompasses 
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various aspects, including the choice of products, the frequency of consumption, 

and the methods of disposal, all with the goal of reducing the overall ecological 

footprint. 

 

Sustainable consumption is grounded in several theoretical frameworks that 

explain why individuals choose to consume sustainably and how these behaviors 

can be encouraged. One prominent theory is the Value-Belief-Norm theory, which 

suggests that individuals' values and beliefs about the environment influence their 

personal norms and, consequently, their consumption behaviors (Stern, 2000). 

According to this theory, people who value the environment and believe in the 

importance of sustainability are more likely to adopt behaviors such as purchasing 

eco-friendly products, reducing waste, and conserving energy. 

 

In the context of sustainable consumption, TPB suggests that individuals are more 

likely to engage in sustainable practices if they have a positive attitude toward 

sustainability, perceive social pressure to act sustainably, and believe they have 

control over their consumption choices. 

 

Several factors influence sustainable consumption behavior, ranging from 

individual motivations to broader societal influences. Personal values and 

environmental awareness play a critical role, as individuals who are aware of 

environmental issues and hold strong pro-environmental values are more likely to 

make sustainable consumption choices (Haws et al., 2014). Additionally, social 
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norms and cultural influences can significantly impact consumption patterns. For 

example, in communities where sustainable consumption is valued and practiced 

by peers, individuals are more likely to adopt similar behaviors (Gifford, 2011). 

Economic factors, such as the affordability and availability of sustainable 

products, also influence consumption behavior. While some individuals may be 

willing to pay a premium for eco-friendly products, others may be constrained by 

financial limitations. Thus, making sustainable products more accessible and 

affordable is crucial for promoting widespread sustainable consumption (Peattie, 

2010). 

 

Moreover, psychological factors, including habits and perceived convenience, 

play a role in shaping consumption behavior. Sustainable consumption often 

requires individuals to change their established routines, such as reducing meat 

consumption or opting for public transportation. These changes can be 

challenging to adopt, especially if they are perceived as inconvenient or time-

consuming (Verplanken & Wood, 2006). 

 

Encouraging sustainable consumption requires a multifaceted approach that 

addresses the various factors influencing behavior. Education and awareness 

campaigns are essential for increasing knowledge about environmental issues and 

the benefits of sustainable consumption. These initiatives can help shift values 

and attitudes toward sustainability, making individuals more likely to adopt 

sustainable behaviors (Jackson, 2005). Economic incentives, such as subsidies for 
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eco-friendly products or penalties for unsustainable practices, can also be 

effective in promoting sustainable consumption. By reducing the cost barrier and 

making sustainable options more financially attractive, individuals may be more 

inclined to choose environmentally friendly products (Thøgersen, 2010). 

 

Besides, policy interventions, such as regulations on product labeling and 

standards for sustainability, can further support sustainable consumption. Clear 

labeling that indicates the environmental impact of products can help consumers 

make informed decisions and choose options that align with their sustainability 

goals (Leire & Thidell, 2005). 

 

Pro-environmental behavior, environmental identity, and sustainable consumption 

behaviors are key determinants of sustainable behavior because they reflect the 

underlying motivations, values, and actions that drive individuals to make 

environmentally conscious choices. Each plays a distinct but interrelated role in 

shaping how individuals engage with sustainability: PEB is a direct measure of 

sustainability because it reflects actual actions taken by individuals to protect the 

environment. Research suggests that consistent PEB contributes significantly to 

reducing environmental degradation and promoting long-term sustainability 

(Stern, 2000). By adopting PEB, individuals contribute directly to reducing 

resource consumption and mitigating environmental harm. People with a strong 

environmental identity are more likely to engage in consistent pro-environmental 

actions, as these behaviors align with their self-concept. Environmental identity 



 

21 
 

fosters intrinsic motivation, where actions like recycling, conserving energy, or 

supporting sustainable policies are done out of a sense of moral responsibility or 

personal fulfillment rather than external pressures (Whitmarsh & O’Neill, 2010). 

Sustainable consumption behavior is a key aspect of sustainability because it 

addresses the demand side of resource use. Individual choices about what to buy, 

how much to consume, and how to dispose of products have significant 

environmental consequences. By opting for sustainable products and practices, 

individuals can help reduce waste, pollution, and carbon emissions. 

 

These three elements—pro-environmental behavior, environmental identity, and 

sustainable consumption behaviors—are interconnected and collectively influence 

sustainable behavior. Pro-environmental behavior represents the actions taken, 

environmental identity shapes the motivation behind these actions, and 

sustainable consumption behaviors reflect how individuals engage with 

sustainability in their everyday decisions. Together, they form a framework for 

understanding and promoting long-term environmental sustainability. 

 

In this chapter sustainable behaviors’ components were discussed.  Pro-

environmental behavior, environmental identity and consumption behavior were 

shown as the determinants of the sustainable behaviors. In the next chapter 

biophilic approach will be discussed. 



 

22 
 

CHAPTER III: 

 

 

BIOPHILIC APPROACH 

 

 

 

The biophilic approach is a design and architectural philosophy that focuses on 

incorporating natural elements into built spaces to enhance the bond between people and 

the natural world. This concept is rooted in the idea that human beings have an innate 

affinity for the nature, a term popularized as "biophilia" by Erich Fromm (1964) and later 

expanded upon by Edward O. Wilson (1984). The biophilic approach not only seeks to 

incorporate natural features into urban spaces but also aims to create environments that 

promote well-being, reduce stress, and enhance productivity. 

 

Wilson's "biophilia hypothesis" proposes that humans possess an innate inclination to 

form connections with nature and other living organisms. This theory implies that the 

bond between humans and the natural world is essential for our psychological and 

physical health (Kellert & Wilson, 1993). Following this, Stephen Kellert introduced the 

concept of biophilic design, which involves “the incorporation of natural elements” and
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“processes into the built environment” to enhance the human experience and promote 

sustainability (Kellert, 2008). 

 

3.1. Biophilic Design 

 

In modern societies, the experience of nature is essential for both physical and mental 

well-being. Human evolution has been deeply intertwined with the natural environment, 

contributing to overall well-being and personal fulfillment (Kellert, 2008). Fromm 

introduced the term "biophilia" to describe a psychological orientation of attraction to all 

living things (1964; 1973). Building on this, Wilson developed the "biophilia 

hypothesis," defining it as "the innate tendency to focus on life and lifelike processes" 

(Fromm, 1964: 1). This hypothesis implies that human reliance on nature extends beyond 

mere material and physical necessities, encompassing a desire for aesthetic, intellectual, 

cognitive, and even spiritual fulfillment and meaning. (Kellert & Wilson, 1993: 20). 

Kellert and Wilson (1993) further integrated biophilia into evolutionary psychology 

theories. Kellert also introduced the concept of biophilic design, which is integrating 

natural elements and systems into indoor spaces to foster more sustainable environments 

(2008). 

 

Kellert described humans as bicultural creatures. In the context of built environment 

design, biophilia is particularly relevant for long-term sustainability, as it aims to restore 

and enhance people's positive relationship with nature. This is founded on the idea that 

positive interactions with natural systems are essential for human performance and well-

being (Kellert, 2008:3). A biophilic environment fosters a connection between humans 
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and nature and is not simply about adding greenery to build spaces (Kellert, Heerwagen 

& Mador, 2008). Moreover, biophilic environments emphasize the relationship between 

humanity and nature within the built environment while promoting sustainable and 

culturally respectful interactions (Kellert, Heerwagen & Mador, 2008). They also 

encourage a mutual relationship with nature to enrich the human experience in a more 

respectful manner (Kellert, Heerwagen & Mador, 2008). 

 

Exposure to natural environments is associated with “psychological well-being”, 

“improved mood”, “pleasure”, and “even better health” (Ulrich, 1984). The role of 

natural environments in enhancing human effectiveness is significant. Natural 

environments are restorative and possess characteristics such as 'being away,' 

'fascination,' 'extent,' and 'compatibility' (Kaplan, 1995; Hartig et al., 2003). Settings that 

embody these four characteristics help reduce mental fatigue. The literature often 

contrasts built and natural environments, with built environments often linked to stress 

due to their demanding, under-stimulating, and monotonous features (Gillis & 

Gatersleben, 2015). 

 

Conversely, environments that evoke positive moods enhance attention and help 

individuals escape from stress and mental fatigue. These environments, often termed 

restorative (Kaplan, 1995), commonly draw their restorative qualities from nature and 

natural elements (Gifford & McGunn, 2012). Additionally, individuals connected to 

nature are more likely to develop and function well psychologically (Pritchard et al., 

2020). As a result, built environments generally lack the restorative effects provided by 
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nature (Karmanov & Hamel, 2008). However, Karmanov and Hamel (2008) found that a 

well-designed and attractive urban environment could also reduce stress and enhance 

mood, comparable to an attractive natural environment. 

 

The construction of extensive built environments has distanced humans from nature, 

contributing to a range of environmental challenges, including unsustainable energy use, 

biodiversity loss, pollution, and climate change. These issues are often traced back to 

fundamental flaws in environmental design. To address this, a shift toward restorative 

environmental design is essential, integrating natural elements into built environments to 

foster sustainable human-nature interactions (Kellert, 2008). 

 

Restorative environments are natural or built spaces that help individuals recover from 

mental fatigue and stress, enhancing cognitive functioning and overall well-being. These 

environments typically exhibit characteristics such as 'being away' (a sense of escape), 

'fascination' (engaging stimuli), 'extent' (a coherent, rich environment), and 'compatibility' 

(alignment with an individual's needs and goals) (Kaplan, 1995). 

 

We need restorative environments because modern urban living and built environments 

often contribute to mental fatigue, stress, and reduced attention capacities. Exposure to 

natural settings has been shown to significantly reduce stress, improve mood, and 

enhance cognitive performance, such as attention restoration and memory improvement 

(Hartig et al., 2003). Furthermore, environments that incorporate natural elements support 
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psychological well-being, boost creativity, and promote faster recovery from stress 

(Ulrich, 1984; Gifford & McGunn, 2012). 

 

Restorative environmental design emerged in response to the decline of natural systems, 

particularly due to urbanization, which weakens the connection between humans and 

nature. While sustainable design focuses on minimizing environmental impact, Kellert 

(2008) argues that biophilic design must complement this approach. This combination 

aims for resource efficiency, pollution control, biodiversity conservation, and improved 

indoor environmental quality while fostering a positive relationship between people and 

nature. 

 

Kellert (2008) categorizes biophilic design into two dimensions: organic (natural 

elements) and experiential (interaction with space). Natural experiences can be direct 

(e.g., natural light, ecosystems) or indirect (e.g., potted plants, water elements), while 

symbolic experiences reflect nature through representations like images or videos. Zou 

and Ergan (2019) found that features such as window size and access to natural light 

enhance restorative experiences and positively affect users. 

 

Gillis and Gatersleben (2015) reviewed studies on biophilic design through the lens of 

restorative environments, highlighting that while natural elements are commonly present, 

the use of natural materials and processes is often lacking in built environments. They 

suggest that Kellert's (2015) categorization of biophilic design (Figure 1) “direct 
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experience of nature, indirect experience of nature, and experience of space and place” 

provides a solid foundation for further research and application in this area. 

 

Figure 1. Biophilic design features (Kellert, 2008), drawn by author, 2024. 

Browning, Ryan, and Clancy (2014) also categorized biophilic design patterns into 14 

items under three main headings: “nature in the space”, “natural analogues”, and “nature 

of the space” (Figure 2). They argue that biophilic design has the potential to greatly 

lower stress levels, boost creativity, enhance overall well-being, and accelerate healing, 

particularly as urbanization continues to increase globally.  
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Figure 2. 14 biophilic design patterns (Browning, Ryan & Clancy, 2014), drawn by 

author, 2024. 

Each of these patterns has been shown to foster a connection with nature and enhance 

physical and psychological well-being. Below is a summary of each biophilic design 

pattern: 

Visual Connection with Nature: 

The idea is to provide visual access to natural elements such as plants, water, or 

landscapes. Views of nature help reduce stress, improve focus, and enhance overall well-

being. 
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Non-Visual Connection with Nature: 

This involves engaging other senses—such as sound, smell, or touch—by incorporating 

natural elements like the sound of water, the scent of flowers, or the texture of wood, 

which can reduce anxiety and improve cognitive performance. 

Non-Rhythmic Sensory Stimuli: 

Subtle, unpredictable, and ephemeral elements like rustling leaves or the sound of birds 

create a calming atmosphere. These stimuli can help restore attention and reduce stress. 

Thermal & Airflow Variability: 

Natural fluctuations in temperature, humidity, and airflow, similar to what one might 

experience outdoors, make indoor spaces feel more dynamic and comfortable. This can 

also enhance occupant comfort and engagement. 

Presence of Water: 

Water features such as fountains, ponds, or views of rivers and oceans have calming 

effects, increase concentration, and can positively impact mood and stress levels. 

Dynamic & Diffuse Light: 

Variability in light conditions, including the use of natural light, can create visual interest 

and improve mood. This pattern mimics the way sunlight changes throughout the day, 

creating a sense of time and connection to nature. 
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Connection with Natural Systems: 

This pattern involves recognizing natural processes, such as the changing seasons or 

weather patterns. Incorporating natural systems fosters an awareness of nature's rhythms 

and cycles, encouraging a deeper connection to the environment. 

Biomorphic Forms & Patterns: 

Incorporating shapes, forms, and patterns that resemble those found in nature, such as 

fractals, spirals, or tree branches, helps create a calming, aesthetically pleasing 

environment. These forms resonate with the human brain, which is evolutionarily attuned 

to recognize natural patterns. 

Material Connection with Nature: 

The use of natural materials like wood, stone, and natural fibers can enhance sensory 

richness and promote well-being. These materials evoke a sense of authenticity and 

connection to nature. 

Complexity & Order: 

This pattern involves creating spaces that exhibit a balanced complexity, where order and 

variety coexist, similar to natural environments. The presence of both intricate details and 

harmonious structure helps reduce stress and supports cognitive performance. 
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Prospect: 

Providing expansive views or vantage points allows individuals to feel a sense of 

openness and control, which reduces stress and enhances comfort. These spaces offer a 

sense of freedom while allowing for clear sightlines to the surroundings. 

Refuge: 

Creating small, enclosed spaces within larger environments, where individuals can retreat 

for privacy or relaxation, evokes feelings of safety and security. These areas help reduce 

anxiety and provide a psychological escape. 

Mystery: 

Incorporating elements that suggest something is just around the corner or partially 

hidden engages curiosity and stimulates exploration. This sense of anticipation can 

reduce stress and create positive mental stimulation. 

Risk/Peril: 

Introducing a controlled element of risk or excitement—such as a transparent floor over a 

height or a precarious-looking bridge—creates a thrill that energizes and engages the 

senses. This pattern is designed to evoke excitement without causing actual danger. 

 

These qualities make biophilic design increasingly important in contemporary design 

applications. As a result, this thesis focuses on the 14 biophilic design patterns identified 



 

32 
 

by Browning, Ryan, and Clancy (2014; 2020), which are further detailed in their book 

and are foundational to this research.   

 

Biophilic design has been developed in various contexts, such as healthcare 

environments, where McGee and Marshall-Baker (2015) created the Biophilic Design 

Matrix. Developed by McGee and Marshall-Baker (2015), this tool is specifically 

designed to assess biophilic design in healthcare environments. The matrix evaluates 

spaces based on various biophilic attributes, such as the presence of natural materials, 

light, air, and water. It helps healthcare facilities improve patient outcomes by 

incorporating elements that reduce stress and promote healing. 

 

Salingaros (2019) contributed to this field with the Biophilic Index. Biophilic Index is a 

tool designed to evaluate and quantify the presence and quality of biophilic elements 

within architectural and urban environments. The concept was introduced by Nikos A. 

Salingaros, an influential architect and urban theorist, who emphasized the importance of 

human connections with nature in the design of built environments. His work focuses on 

how these environments can be structured to promote human well-being through 

biophilic design principles. 

 

Additionally, frameworks like the WELL Building Standard (International WELL 

Building Institute, 2020) provides a comprehensive approach to measuring how building 

features impact human health and well-being. One of its categories, "Mind," emphasizes 

the importance of biophilia and the integration of natural elements into the built 
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environment. The WELL standard includes biophilic design strategies as part of its 

certification process, ensuring buildings promote physical and mental health. The Living 

Building Challenge (Living Building Challenge, 2020) developed by the International 

Living Future Institute, sets rigorous performance standards for the design and 

construction of sustainable spaces. It includes a biophilic environment imperative, which 

encourages the use of biophilic design principles are integrated from Kellert (2008). This 

tool emphasizes not only the inclusion of nature but also the cultural and psychological 

aspects of how people interact with their environments.  

 

The Biophilic Interior Design Index (BIDI) (Yin et al., 2018)  is a tool developed to 

assess the extent and quality of biophilic elements integrated into interior spaces. It was 

designed to provide a measurable framework for evaluating how well spaces incorporate 

natural elements, which are known to enhance the human-nature connection and promote 

well-being. The index is based on the principles of biophilic design, which emphasizes 

creating built environments that foster a deep connection between humans and nature. 

 

The Biophilic Interior Design Index is built on the 14 patterns of biophilic design, 

originally identified by Browning, Ryan, and Clancy (2014). Therefore, in this thesis Yin 

et al.’s (2018) rating tool for Biophilic Interior Design Index is used, because they 

developed a biophilic index based on 14 patterns of biophilic design (Ryan et al., 2014). 

 

Studies have shown the psychological and physiological benefits of biophilic design. For 

instance, Wolpe (1978) and Yin et al. (2018) found that biophilic environments reduce 
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negative emotions and improve positive emotions. Moreover, exposure to nature can 

improve cognitive performance and reduce stress, with studies showing improvements in 

short-term memory by 14% (Yin et al., 2018). Cognitive functions, including attention 

and memory, are positively affected by natural environments (Valtchanov & Ellard, 

2015; Fiser & Aslin, 2001; van Lamsweerde et al., 2015). 

 

Lastly, sustainable behaviors are critical for protecting the environment, as highlighted by 

MacDonald and She (2012) and McKenzie-Mohr (2000). These behaviors are influenced 

by cognitive processes, and the design of environments can encourage pro-environmental 

behaviors through informed decision-making and motivation, as discussed by Peters 

Dieckmann and Weller (2011) and Jin, Ji, and Peng (2019). 

 

3.2.   Biophilic Design and Its Relation to Sustainable Behavior 

 

 

Today's built environment design often reflects a separation of humans from nature 

through the abstraction and physical division of spaces (Salingaros & Masden, 2008). 

This separation contributes to unsustainable behaviors (Ives et al., 2018). However, to 

combat natural disasters, global warming, climate change, and biodiversity loss, 

sustainable behaviors are essential. The literature reviewed above suggests that exposure 

to nature enhances restorativeness, and that exposure to biophilic environments, even in 

gameplay, may foster pro-environmental behaviors as effectively as the physical 

environment itself. Sustainable behaviors, essential for environmental protection, are 

shaped by cognitive processes, with design influencing pro-environmental behaviors 



 

35 
 

through motivation and informed decision-making (MacDonald & She, 2012; McKenzie-

Mohr, 2000; Peters, Dieckmann & Weller, 2011; Jin, Ji & Peng, 2019). 

 

Wijesooriya and Brambilla's study (2021) reviews the existing literature on biophilia and 

explores the strengths, weaknesses, opportunities, and challenges associated with 

biophilic design in the context of the built environment. The study highlights the potential 

of biophilic design to change human behavior as an opportunity, as several reviewed 

studies (Fink, 2011; Africa et al., 2019) indicate that biophilic design promotes pro-

environmental behaviors. Additionally, some studies (Marczak & Sorokowski, 2018; 

Rosa & Collado, 2019; Boiral et al., 2019) suggest that biophilic design can increase 

environmental awareness. However, Wijesooriya and Brambilla (2021) also note that 

research on biophilia lacks a comprehensive framework. 

 

Despite the growing awareness and concern for environmental issues over recent 

decades, corresponding actions to address these concerns have not kept pace, followed 

suit (Finger, 1994). Thus, researcher arises this question: “how can we encourage pro-

environmental behaviors among individuals, including actions intended to minimize 

environmental harm or improve environmental conditions?” (Scannell & Gifford, 2010). 

The most prevalent psychological strategy for encouraging pro-environmental behavior 

centers on altering individual attitudes. This approach typically includes public 

campaigns, awareness-raising efforts, outreach, or educational initiatives. The underlying 

assumption is that people do not engage in pro-environmental behavior due to a lack of 

knowledge and motivation. They might be indifferent, unaware of the negative impacts of 



 

36 
 

their actions, uncertain about what steps to take, or not sufficiently motivated to act 

(Schultz & Kaiser, 2012). 

 

Pro-environmental behavior may be influenced by cultivating a more positive attitude 

toward the psychological benefits of engaging with natural environments. Interactions 

with nature can improve individuals' recognition of the restorative value these 

environments offer. Additionally, environmental concern represents the depth of 

commitment to environmental issues, which serves as a foundation for both 

environmental knowledge and pro-environmental actions (Hartig, Kaiser & Bowler, 

2001). Feelings of emotional affinity toward nature have been shown to be “stronger 

motivating forces for pro-environmental behaviors than responsibility-related feelings 

and general environmental beliefs” (Raudsepp, 2005:83). 

 

Built environment design can play a role in promoting pro-environmental behaviors. 

Biophilic design, which enhances the connection between humans and nature, has the 

potential to influence human experiences significantly (Ergan et al., 2019). Studies have 

shown that contact with nature is a key factor in increasing pro-environmental attitudes 

among children and youth (Collado & Corraliza, 2013; Hartig, Kaiser & Bowler, 2001). 

Therefore, if a built environment incorporates natural elements—such as those found in 

biophilic design—it may enhance pro-environmental behaviors. Hartig, Kaiser, and 

Bowler (2001) revealed that the perception of restorative qualities in the environment is 

an indicator of ecological behavior and nature protection among university students and 

Norwegian adults (Hartig, Kaiser & Strumse, 2007). 



 

37 
 

In this chapter, I discussed biophilic design and its connection to sustainable behavior. In 

the next chapter, I will introduce the concept of serious games and explain how they can 

be integrated with sustainable behaviors, along with the use of VR.
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CHAPTER IV: 

 

 

 

SERIOUS GAME 

  

 

 

The concept of serious games was introduced to assess, modify, or influence human 

behaviors (Aldrich, 2009), particularly in areas such as education, training, defense, and 

rehabilitation (Tobler-Ammann et al., 2017). Beyond mere entertainment, playing games 

offers significant advantages—serving as one of the most widespread, lucrative, and 

impactful forms of entertainment (Squire, 2003). Today, games are utilized across 

various research domains, including health, cognitive skills development, and educational 

purposes. While the idea shares commonalities with simulations like flight or medical 

simulations, it uniquely highlights the added benefits of fun and competition (Plass et al., 

2018). Serious games, particularly those in well-designed digital formats, are primarily 

intended to influence human behavior, cognition, or attitudes by educating, motivating, 

and engaging users (Johnson et al., 2017). These games are also characterized as 

interactive computer-based software created for single or multiple players, with 

objectives that extend beyond mere entertainment (Ritterfeld et al., 2009).
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4.1. Effects of Serious Game on Sustainable Behaviors 

 

Indicators of sustainable behavior include practices such as energy conservation, caring 

for others, recycling, and minimizing consumption. Among these, energy conservation 

often serves as a central focus of sustainable behavior. Serious games offer users the 

opportunity to gain knowledge about energy-saving techniques and explore alternative 

methods for achieving energy efficiency (Orland et al., 2014). Extensive research on 

serious games has tested energy-saving strategies using both qualitative and quantitative 

approaches. Some studies have observed behavioral changes during gameplay, while 

others have noted changes extending into real life. For instance, the games EnerCities (de 

Vries & Knol, 2011) and EnergyLife (Gamberini et al., 2011) investigated behavioral 

changes during gameplay. The EnerCities study, which involved 653 participants, 

revealed a significant improvement in attitudes toward energy saving and the adoption of 

specific energy-related household behaviors through a quantitative, quasi-experimental 

design.  

 

Additionally, the EnergyLife mobile application increased awareness of energy 

consumption among 24 participants. Other games, such as Energy Battle (Geelen, 

Keyson, Boess & Brezet, 2012), Power Explorer (Gustafsson, Bang & Svahn, 2009), 

Power Agent (Gustafsson, Katzeff & Bang, 2009), Greenify (Lee, Ceyhan, Jordan-

Cooley & Sung, 2013), Power House (Reeves, Cummings, Scarborough & Yeykelis, 

2013), and Do It In The Dark (Senbel, Ngo & Blair, 2014), have been shown to positively 

influence sustainable behaviors in real life. However, in the study by Kimura and 

Nakajima (2011) on the game EcoIsland, no behavioral changes were observed, nor was 
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there evidence of an impact on energy-saving motivation among the 20 participants. The 

aforementioned studies primarily focus on energy saving but also support behavior 

change in a broader sustainable context. 

 

Quality characteristics of serious games have been studied extensively. These include 

“game design”, “user satisfaction”, “usability”, “usefulness”, “understandability”, 

“motivation”, “performance”, “playability”, “pedagogical aspects”, “learning outcomes”, 

“engagement”, “user experience”, “efficacy”, “social impact”, “cognitive behavior”, 

“enjoyment”, “acceptance”, and “user interface” (Abdellatif, McCollum & McMullan, 

2018:113-115). These characteristics significantly impact users' experiences. For 

instance, as motivation within the game increases, so does user engagement. 

Consequently, behavioral changes can be influenced by these characteristics. For 

example, pro-social individuals are inherently less motivated to participate in competitive 

social dilemmas (Pletzer et al., 2018). However, van Horen, van der Wal, and Grinstein 

(2018) noted that competition might not harm motivation when it serves a sustainable 

goal—fostering outcomes for the common good. Their study also found that competition 

enhances sustainable behavior when managed by pro-social entities. 

 

Researchers reviewed twenty-five studies on serious games in the field of sustainability 

(Johnson et al., 2017). Their findings indicate that serious games are valuable for 

promoting sustainability, positively influencing behavior, cognition, learning, and user 

experience (Johnson et al., 2017). Overall, they found evidence of positive changes in 

attitudes toward energy-saving behavior (Johnson et al., 2017). However, one high-
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quality study (Gustafsson, Bang & Svahn, 2009) indicated that participants developed a 

more negative attitude toward the environment overall (Johnson et al., 2017). The 

researchers explained this finding by citing the occurrence of "cognitive dissonance 

induced by the aesthetic message of the game" (Gustafsson, Bang & Svahn, 2009:8). 

Based on the information above, the environment influences human behavior, which in 

turn affects the gaming experience. Since this study focuses on environmental design—

particularly biophilic design—it will have implications for the gaming experience. 

Physical affordances and their manipulation, such as lighting levels or the integration of 

real-world environments into the game, influence users' immersion levels (Nordin et al., 

2014). For instance, when awareness of the surroundings is high, it strongly impacts the 

gaming experience (Nordin et al., 2014). Therefore, it can be stated that the presence of 

biophilic design elements may influence the game experience and, consequently, its 

effects on human behavior. To support this, a study that has the 'Save the Planet' 

simulation-like game significantly enhanced participants' pro-environmental awareness 

(Ozgen, Afacan & Surer, 2020). 

 

4.2. Use of Serious Game in Virtual Environments 

 

Virtual Environment (VE) is a computer-generated, interactive, and often immersive 

space that simulates real-world or imagined environments. Users can interact with this 

environment in real-time, often using input devices like keyboards, mice, or motion 

sensors (Burdea & Coiffet, 2003). Virtual environments are used in various applications, 

including simulations, education, training, and entertainment (Sherman & Craig, 2018). 
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The primary objective of a virtual environment is to generate a sense of presence, 

enabling users to feel as though they are truly within the simulated world (Johnson et al., 

2017). 

 

Virtual Reality (VR) is a technology that offers a fully immersive, computer-generated 

simulation of a three-dimensional environment, allowing users to interact with it in a way 

that feels authentic (Cipresso et al., 2018). VR typically involves specialized hardware, 

such as head-mounted displays and motion-tracking devices, which provide visual, 

auditory, and occasionally haptic feedback. The aim of VR is to create a strong sense of 

presence, making users feel as if they are physically situated within the virtual 

environment (Kimura & Nakajima, 2011). 

 

Immersive Virtual Reality (IVR) refers to an advanced form of VR designed to 

completely immerse users in a computer-generated environment (Steuer, 1992). By 

stimulating multiple senses—such as sight, sound, and touch—IVR systems enhance the 

feeling of being present within the virtual world. The high level of immersion achieved 

through devices like VR headsets, motion trackers, and haptic feedback tools helps to 

blur the line between the virtual and the real, making the experience more compelling and 

realistic (Slater & Sanchez-Vives, 2016; Gustafsson, Katzeff, & Bang, 2009). 

 

The integration of serious games into VEs has become a significant area of interest in 

various fields, including education, healthcare, and environmental sustainability. Serious 

games, which are designed for purposes beyond entertainment, provide users with 
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interactive and immersive experiences that can lead to behavioral changes, skill 

development, and enhanced learning outcomes (Orland et al., 2014). This chapter 

explores the role of serious games within virtual environments, highlighting their 

benefits, applications, and challenges.  

 

Virtual environments create immersive spaces where users can experience realistic 

scenarios, enhancing their learning and retention. For instance, in healthcare, serious 

games within VEs allow medical professionals to practice surgical procedures or patient 

interactions in a risk-free environment, leading to improved skills and confidence 

(Kimura & Nakajima, 2011). Besides, one of the primary goals of serious games is to 

influence user behavior. When integrated into virtual environments, these games can 

effectively promote pro-environmental behaviors, energy conservation, and other positive 

actions. Studies have shown that virtual environments can simulate real-world challenges 

and encourage users to adopt sustainable practices in their daily lives (Orland et al., 

2014). In addition, virtual environments make serious games accessible to a wider 

audience, allowing users to engage with educational content from any location. This 

flexibility is particularly valuable in educational settings, where VEs can be used to 

create virtual classrooms, laboratories, and training modules (Gee, 2008). 

 

Virtual environments are also used to promote environmental awareness and 

sustainability through serious games. Games like EnerCities and EnergyLife have been 

successful in educating players about energy conservation and the importance of 



 

44 
 

sustainable practices, leading to behavioral changes both in-game and in real life 

(Gamberini et al., 2011; Geelen et al., 2012). 

 

In this chapter, the concepts of serious games and virtual environments were defined and 

discussed within the framework of sustainable behavior. The next chapter will 

systematically explain the research methodology of the thesis.  

 

In the previous chapters, I explored the concept of sustainable behaviors (Chapter II), 

including pro-environmental behavior, environmental identity, and sustainable 

consumption behavior. These elements have been established as critical determinants in 

fostering sustainable behaviors. Furthermore, the biophilic design approach (Chapter III) 

was discussed as a promising strategy to restore the human-nature connection, which has 

become increasingly distant due to the rise of industrialization and urbanization. 

 

However, while the literature demonstrates that biophilic design can positively influence 

pro-environmental behavior, there is a notable gap in understanding how virtual 

environments, particularly through serious games, can simulate these effects. Current 

research on biophilic design is primarily limited to real-world applications, with 

insufficient exploration of its potential within digital environments such as immersive 

virtual reality (VR). The integration of biophilic design elements in serious games and 

their influence on sustainable behavior remains underexplored. 
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To address this research gap, the next chapter will outline the methodological framework 

used to investigate how biophilic design integrated into serious games can influence 

sustainable behaviors. Specifically, the chapter will describe how the study was designed 

to measure the impact of biophilic environments in both real-world and virtual settings, 

focusing on participant behavior in both contexts. 

 

The methodology will detail the experimental design, including: 

 

Participant selection and group assignment (control vs. treatment groups), 

The creation of serious game scenarios incorporating biophilic design elements, 

The comparison of sustainable behaviors in real-world biophilic environments versus 

virtual biophilic environments, 

The use of qualitative and quantitative methods (e.g., surveys, and interviews) to assess 

the impact of these environments on sustainable behavior. 

This methodological approach will provide a structured means of answering the research 

questions presented in the introductory chapters, allowing for a robust analysis of the 

potential for biophilic design and serious games to promote sustainability. 

 

In the next chapter, I will delve into these methodological details, ensuring a clear 

understanding of how the research was conducted and how the findings were analyzed.
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CHAPTER V: 

 

METHODOLOGY 

 

 

 

5.1. Aim, Research Questions and Hypotheses 

 

The aim is encouraging sustainable behaviors through the use of a biophilic environment 

within a serious game. This research introduces the concept of a serious game as an 

innovative tool to assess the influence of exposure to a biophilic environment on 

sustainable behaviors.  

This thesis aims to explore the following questions: 

RQ1: Is there 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? 
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RQ3: What are the contrasting sustainable behaviors observed in real-world settings 

versus virtual reality environments? 

The thesis involves three studies and three hypotheses: 

H1: 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: Playing serious game with biophilic design elements increases participants’ 

sustainable behaviors more than experiencing the real built environment. 

H3: Participants exhibit distinct sustainable behaviors in virtual reality environment 

compared to real-world settings. 

 

5.2. Settings 

 

In this research I carried out across three distinct environments, resulting in the collection 

of four corresponding data sets. The environments were as follows: Phase 1 (Figure 3) 

took place within the Science Faculty (SA building) on Bilkent University’s campus 

covering 5000 acres, with 3000 acres designated as forested areas. Phase 2 (Figure 4) was 

conducted in a non-immersive computer environment within the same building as Phase 

1. Phase 3 (Figure 5) occurred in an immersive VR environment designed and created by 

the first author. Additionally, Phase 4, a Controlled Experiment Study was conducted to 

collect data from a control group located in a different building (FF building) on the same 
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campus. FF building was selected due to its architectural similarity to SA building but 

with a notable absence of biophilic design elements. 

 

Figure 3. Experiment area of phase 1, SA building, figure captured by author, 2022. 
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Figure 4. Experiment area of phase 2, SA building, figure captured by author, 2022. 
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Figure 5. Experiment area of phase 3, figure captured by author, 2023. 
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The decision to use SA building 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 et al., 

2018; Ryan et al., 2014) (see Appendix A), as assessed by four architects with 

approximately 15 years of experience in sustainable design. Similarly, FF building was 

chosen for the controlled experiment due to its lower BIDI score of 15 out of 54 (Yin et 

al., 2018; Ryan et al., 2014). 

 

5.4. Participants 

 

Before beginning data collection, I designed the experiment using G*Power to determine 

the required sample size (Faul et al., 2007). With a medium effect size (f = 0.25), an α 

level of 0.05, and a power (1-β) of 0.95, the calculation indicated that approximately 43 

participants per group, or a total of 172 participants, would be needed. Afterward, I 

obtained ethical approval from the Bilkent University's ethics council (see Appendix E) 

and proceeded to collect data from 173 participants. However, 11 participants were 

excluded from the study for not meeting the research criteria, leaving 162 participants for 

data analysis. The sample size across groups varied slightly, ranging from 40 to 43 

participants. Previous research on serious games in decision-making contexts has 

reported participant numbers ranging from 15 to 189 (Linehan et al., 2009; Ong & Araral, 

2021; Roungas et al., 2020). 
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I used cluster sampling method to create groups. These groups are; Group 0, Group 1, 

Group 2 and Group 3. Group 0 is controlled group, Group 1 is the biophilic built 

environment exposure group, Group 2 is game players in the biophilic built environment 

group, Group 3 is game players in the VR environment group. Gender distribution, 

background, level of educations and the number of the participants in each group can be 

seen in table 1. 
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Table 1. Distribution and the backgrounds of the participants. 

Number of        Level of 

Participant       Group       Phase      Age Range      Gender    Education      Background  

41     0      4      18-29    13 men 1 Ph.D.             10 ARCH 

   28 women 2 Master       3 BA 

38 Undergrad       3 CS 

      18 IAED 

       2 IE 

         3 MATH 

                           2 PSYC 

42      1      1           19-32     21 men 3 Ph.D.                6 CHEM 

          21 women 3 Master        4 CS 

        36 Undergrad        4 IAED 

                 4 IE 

                 2 LAW 

                 7 MATH 

                 5 MBG 

                 2 ME 

                 5 PHYS 

                 3 PSYC 

40       2      2       18-35             22 men 5 Ph.D.                1 ARCHA 

        18 women 6 Master        1 BM 

        29 Undergrad        3 CHEM 

                 2 CS 

                 2 EE 

                 12 IAED 

                 2 IE 

                 1 LAW 

                 4 MAN 

                 2 MATH 

                 3 MBG 

                 2 ME 

                 4 PHYS 

                 1 PSYC 

39      3     3       18-36     25 men  2 Ph.D.                 1 BIM 

    14 women 7 Master         2 CHEM 

  30 Undergrad        14 CS 

           1 CTIS 

           2 EE 

           4 IAED 

           1 IE 

           1 LAW 

           3 MBG 

           2 ME 

           4 PHYS 

                 3 PSYC 

Note. ARCH: architecture, ARCHA: archaeology, BA: business administration, BIM: business 

information management, BM: business management, CHEM: chemistry, CS: computer science, 

CTIS: computer technology and information system, EE: electrical electronics, IAED: interior 

architecture and environmental design, IE: industrial engineering, LAW: law, MAN: 
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management, MATH: mathematics, MBG: molecular biology and genetics, ME: mechanical 

engineer, PHYS: physics, PSYC: psychology. 

 

I collected data on weekdays between 12:00 PM and 4:00 PM to maximize natural 

daylight, excluding days with overcast conditions. Williamson and Cummins (1983) 

define an overcast day as having 1,000 lux and daylight as exceeding 10,700 lux. Using 

this information, I measured light levels on the experiment days using the Light Meter, 

Developed and tested by optics scientists and engineers, this app is calibrated using 

professional equipment, according to the developer. I did not conduct experiments on 

days with daylight below 1,000 lux. On the days I conducted experiments, daylight 

measurements were typically around 14,000 lux. There is overcast day, between overcast 

day and daylight and daylight calculation examples from different experiment days.  

 

5.4. Instruments 

 

This study utilized four instruments to measure participants' responses: the 

Environmental Identity and Pro-Environmental Behavior Scale (Clayton & Kilinç, 2013), 

the Sustainable Consumption Behavior 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 into the participants' native 

language and then back into English. 
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5.4.1. Sustainable Behavior Scale 

 

Clayton (2003) suggests that environmental identity, which supports universal values, 

environmental behaviors, and decision-making, can differ across cultures. In a later 

study, Clayton and Kilinç (2013) adapted the PEBS to suit the nationality of participants, 

and this adapted scale was used in this study. The scale included 15 items related to 

environmental identity (5 items) and pro-environmental behaviors (10 items). Given the 

growing concern over the environmental impact of sustainable consumption behavior 

(SCB), this study also adopted a reliable 24-item SCB Scale developed by Quoquab et al. 

(2019) to understand participants' sustainable behaviors. This scale includes 11 quality of 

life items and 13 care environmental wellbeing items. Therefore, SBS was created with 

the help of these adaptations. 

 

5.4.2. Theory of Planned Behavior Question Construction 

 

Ajzen's (1991) Theory of Planned Behavior (TPB) is a psychological framework that 

outlines how individuals' attitudes, subjective norms, and perceived behavioral control 

shape their intentions and behaviors. According to the TPB, behavioral intentions are 

influenced by one's attitudes toward the behavior and the perceived social pressures, or 

subjective norms, related to that behavior. Ajzen expanded this by adding the concept of 

perceived behavioral control, recognizing that individuals' perceptions of their ability to 

perform a behavior also play a crucial role in their intentions and actual behavior. 

Ajzen (1991) proposed that human behavior is influenced by three constructs: behavioral, 
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normative, and control beliefs. The perception of behavioral control impacts how 

behavioral attitude and subjective norms affect intention. To assess participants' 

perceptions, I adopted self-assessment interview questions based on (see Appendix C) 

Ajzen’s (1991) TPB Question Construction. 

 

5.4.3. Technologies and Devices 

 

For this research, a serious game was developed using the Unity Game Engine. The VR 

environment was experienced through HTC Vive headsets. The 3D modeling was carried 

out using Blender 3.6. Besides statistical data analysis was performed with JASP 0.16.2. 

 

5.5. Procedures 

 

This research involved the collection of four experimental datasets, each corresponding to 

a distinct sub-procedure: Phase 1 represented the pre-game stage, Phase 2 the game stage, 

Phase 3 the immersive game stage, and finally Phase 4, the Controlled Experimental 

Stage. All stages of the experimental process are illustrated in Figure 6. The primary 

objective of the first phase was to explore participants' perspectives on sustainable 

behavior and biophilic design. Additionally, it investigated the relationship between these 

two factors and assessed participants' perceptions of various biophilic design elements. 
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Figure 6. The experimental stages of the four study sets, drawn by author, 2022. 

The second phase aimed to establish a framework for a serious game and subsequently 

design a game that aligned with this framework. The outcomes of the pre-game stage 

provided the foundation and guiding principles for this development. As a result, the 

serious game was introduced as a novel variable to explore the impact of biophilic design 

elements on human behavior. 

 

In the third phase, representing the immersive game stage, three variables were 

examined: environmental settings (both VR and physical) and the configuration of the 

biophilic serious game. While behavioral changes were measured by the serious game in 

the first two phases, in the third phase, differences between reality (i.e., real and virtual 

environments) were assessed. 

 

The final phase, the controlled experimental stage, served to establish a baseline, 

enabling the comparison of the effects of biophilic design. This ensured that any observed 

changes or effects were genuinely attributable to the manipulations in Phases 1, 2, and 3. 
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The experimental process began with Phase 1, the pre-game stage, during which data on 

participants' sustainable behavior within the interior space of SA building at the 

university were collected. Participants experienced the building environment and 

subsequently completed questionnaires. Based on the results, a design framework was 

developed for the second study. 

 

Phase 2, the game stage, involved the design and development of the game. After the 

game was created using the framework, participants played it and completed sustainable 

behavior tests. Following this, Phase 3 was conducted. Participants engaged with the 

game in a VR environment and again completed sustainable behavior tests. 

 

Finally, the controlled experimental stage, Phase 4 was conducted in Bilkent University’ 

FF building on the university campus. FF building was chosen as a controlled 

environment comparable to SA building due to its similar function, design language, and 

material use, despite differences in biophilic design elements. This choice aimed to 

ensure similar representations of indoor spaces and evoke a consistent sense of natural 

space hierarchy (Richter et al., 2011). 

 

5.5.1. Phase 1: Pre-Game 

 

Phase 1 sought to establish a foundational understanding of the impact of biophilic design 

on user behavior and interaction. To accomplish this, I examined individual perceptions 
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of biophilic design. This initial phase was essential for shaping the development of the 

subsequent serious game. The process involved the following steps: First, participants 

were selected to ensure a diverse range of perspectives on biophilic design who uses SA 

building more than one semester. They were then invited to experience SA building, 

chosen for its diverse biophilic design features. Participants completed a structured 

questionnaire to record their perceptions and reactions to the various biophilic design 

elements within the building (see Appendix B). Following this, they took part in semi-

structured interviews that allowed by TPB, allowing for a deeper exploration of their 

perceptions and attitudes toward sustainable behavior and biophilic design (see Appendix 

C). Then, they filled out the SBS questionnaires (see Appendix D).  

 

Finally, the data gathered from the questionnaires and interviews were analyzed to 

uncover key themes and patterns related to biophilic design and sustainable behavior. 

This analysis informed the development of a conceptual framework that guided the 

creation and implementation of the serious game in Study 2.  

 

5.5.2. Phase 2: Game  

 

The second phase 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 serious game. 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 
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without playing the game in SA building, while the other group filled out the same 

questionnaires after playing the game. The second group played the “Pop a Coffee 

Corner” game, which was created based on the data collected from the first study.  

 

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 game was developed 

using the Unity Game Engine 2020.3.34f1, and models were created with Blender 3.6 

software. 

 

5.5.2.1. Game Design 

 

The game “Pop a Coffee Corner” was structured into two distinct levels. Players were tasked 

with making decisions initially, while the second level involved designing a coffee corner. 

The motivation behind developing this game was rooted in addressing sustainability 

concerns prevalent in the coffee industry, encompassing issues like coffee cup waste, 

transportation impact, CO2 emissions, and rainforest depletion. 

 

In the game, players designed the coffee corner, utilizing 22 items, including bags, cups, and 

various types of coffee, beverages, and interior design items as tables, and chairs. The 

gameplay introduced an array of challenges, such as time constraints, the selection of items 

traversing through the entrance, decision-making, and item placement within the coffee 
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corner, all of which contributed to the game’s complexity. Designed as a clicker game, 

players must make decisions within two minutes to gain points. 

 

The chosen items were collected within an inventory bag (Figure 7) during gameplay, and 

these selections can subsequently be positioned within the coffee corner once the allotted 

time elapses. The game design and flow were elucidated in Figure 8, while the specific 

design items featured were visually represented in Figure 9. 

 

Figure 7. a. Game screen, b. Inventory screen, figure captured by author, 2022. 
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Figure 8. a. Game design pipeline, b. Flowchart, figure drawn by author, 2023. 
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Figure 9. Coffee-corner design items, figure drawn by author, 2022. 

I started to design the game for PC in May 2022. Three games I developed during 3 

months but all these three games failed in terms of effectiveness. After that, I consulted 

game development company and they told it would take too much time to finish and they 

did not want to help. Then I consulted to Ali Turan who is a developer at Ekinoks 

Software Company. He is a senior developer in eight years and he knows how to develop 

a unity game. Therefore, I collaborated with him during the game development process 

(Figure 10). 
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Figure 10. Collaboration process with a developer during game design.
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When we were developing the game, we used interior architectural design elements to 

engage in coffee corner design stage. I integrated different types of furniture with 

different types of materials and colors as seen in Figure 11 and Figure 12.  

 

 

Figure 11. Desktop game player’s coffee corner design. 

            

Figure 12. VR game player’s coffee corner design. 
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5.5.3. Phase 3: Immersive Game  

 

Phase 3 compared real and virtual environments to assess potential behavioral changes. 

This phase of the study employed a between-subjects design. Participants engaged in 

tasks within a VR environment while playing the serious game "Pop a Coffee Corner," 

which incorporated biophilic design elements. After completing the game, participants' 

behavioral information, were measured with SBS. The collected data were then analyzed 

to identify any correlations, associations, or differences between groups. 

 

5.5.4. Phase 4: Controlled Experiment 

 

In this phase, a control group experiment was conducted to determine whether significant 

differences existed between the experimental and control groups. Participants from FF 

building (Figure 13) completed the SBS questionnaire within the indoor space of the 

same building. The collected data were subsequently compared to those from the other 

experimental groups. 
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Figure 13. Controlled experiment setting, FF building, figure captured by author, 2022. 

 

5.6. Pilot Study 

 

The pilot study was conducted to show a serious game can affect human’s behaviors. 

Therefore, a serious game was developed without any design interventions. This game 

was “Save the Planets”. I developed this multipurpose serious game to raise 

environmental awareness among players. The game, modeled as a life simulation, allows 

players to interact with and learn from a virtual Solar system (Figure 14), and even create 
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their own customized systems. This customization helps to identify and reflect players' 

priorities and aspirations regarding environmental stewardship. Each planet have four 

stages to become mature (Figure 15). This triggers the players caring behaviors. 

 

Figure 14. Solar system of the game, drawn by the author, 2020. 

 

Figure 15. Four stages of a planet, drawn by the author, 2020. 

 

The game features a general map, and the player begins at stage one, starting with Earth. 

Using drag-and-drop functionality, the player can position planets by moving elements 

like the Sun, Moon, and humans, which are available as buttons at the bottom of the 

screen. The player drags humans to place them on Earth (Figure 16). To successfully 

complete the game, the player must progress through four stages for each planet. 

Between stages, various tasks must be completed, with the number of tasks increasing as 

the player advances. As the player progresses, the appearance of the planet changes in 
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each stage. 

 

Figure 16. User interface of the game, drawn by the author, 2020. 

 

To measure the effectiveness of the game, I employed three different scales (see 

Appendix F): the Environmental Identity Scale (EIS) (Clayton, 2003), the Pro 

Environmental Behavior Scale (PEB) (Markle, 2013), and the Environmental Action 

Scale (EAS) (Alisat, 2015). These scales were used in both pre-test and post-test 

evaluations of the 22 participants who played the game. The findings demonstrated that 

"Save the Planets" significantly increased pro-environmental awareness among 

participants, indicating that such games can be potent tools for motivating individuals to 

adopt long-term sustainable behaviors (Table 2). 
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Table 2. Descriptive statistics of pre-test and post-test results.  

Pre-Test                    Mean            Std. Dev.                          

EIS                           5.33              1.04 

PEBS                       3.72              0.54 

EAS                         1.34              0.64                           

Post-Test                  Mean            Std. Dev.                          

EIS                           5.50              0.92 

PEBS                       4.18              0.44 

EAS                         2.31              0.90 

  

The study highlights the potential of serious games not just as entertainment but as 

powerful tools for education and behavioral change in areas such as environmental 

conservation. In this pilot, I used different scales and that made the analysis complicated 

and created doubt in reliability.  Therefore, I adapted the Pro-Environmental Behavior 

Scale (PEBS) by Clayton and Kılınç (2013) for the actual studies, as it was developed in 

the context of Turkey. Additionally, the Environmental Action Scale (EAS) did not align 

with the specific sustainable behavior components I focused on, as it primarily measures 

secondary actions, such as discussing campaigns or attending protests, rather than direct 

actions that can directly influence sustainable behaviors. 
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CHAPTER VI: 

 

 

RESULTS 

 

 

 

 

The study's results were analyzed using descriptive statistics, t-tests, and ANOVA. The 

data collected from semi-structured interviews during the pre-game stage were analyzed 

quantitatively. Similarly, the data collected through questionnaires during the game and 

immersive game stages were also analyzed qualitatively. 

 

6.1. Pre-Game Results 

 

I analyzed the collected data through statistical methods. Within dataset 1, I coded the 

dimensions and identified 14 distinct biophilic design elements (Table 3)
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Table 3. Abbreviation list of 14 biophilic items. 

Item category    Item number  Item name   

  

Nature in the space (NIS1)   1 Visual connection with nature 

Nature in the space (NIS2)   2 Non-visual connection with nature 

Nature in the space (NIS3)   3 Non-rhythmic sensory stimuli  

Nature in the space (NIS4)   4 Thermal and airflow variability 

Nature in the space (NIS5)   5 Presence of water   

Nature in the space (NIS6)   6 Dynamic and diffuse light  

Nature in the space (NIS7)   7 Connection with natural systems 

Natural analogues pattern (NA1)  8 Biomorphic forms and patterns 

Natural analogues pattern (NA2)  9 Material connection with nature 

Natural analogues pattern (NA3)  10 Complexity and order  

Nature of the space patterns (NOF1)  11 Prospect    

Nature of the space patterns (NOF2)  12 Refuge     

Nature of the space patterns (NOF3a/b) 13 Mystery   

Nature of the space patterns (NOF4a/b) 14 Risk/peril   

 

 

The data was coded into JASP version 0.16.2 for network analysis. The results are presented 

in Table 4 and Figure 17. Table 4 provides a summary of the network analysis. Each node 

in Figure 17 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 

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 18). 
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Table 4. Summary of Network Analysis. 

Number of nodes Number of non-zero edges  Sparsity 

16   120/120     0.000 

  

 
Figure 17. Network analysis diagram of biophilic design items. 
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Figure 18. Centrality plot graph. 

 

I conducted a semi-structured interview with 20 participants (11 women and 9 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 that 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 

sustainable behaviors of yours?, 6- How do you evaluate yourself in terms of 

environmentally caring actions?, 7- What do you see as the advantage of your working in 

the building in the future?, 8- What do you see as the disadvantage of your working in the 

building next times?) (see Appendix C). Additionally, participants provided ratings for the 
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building’s design elements that promote sustainable behavior using a 7-point Likert scale 

(Which design elements of this building would encourage the sustainable behaviors?)(see 

Appendix G). Visual connection with nature (item 1) and dynamic and diffuse light (item 6) 

obtained the highest scores (Table 5). 

Table 5. Biophilic design item score by participants. 

Items       Score 

1 Visual connection with nature     57 

2 Dynamic and diffuse light     25 

3 Presence of water      21 

4 Non-visual connection with nature    8 

5 Non-rhythmic sensory stimuli     4 

6 Biomorphic forms & patterns     4 

7 Thermal & airflow     3 

8 Complexity & order      2 

9 Mystery      2 

10 Refuge      1 

 

The analysis led me 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 19). I 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. 
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Figure 19. Design framework, drawn by author, 2022. 

 

6.2. Game Results 

 

In this section, experimental groups were represented into table 6: Group 0, Group 1, Group 

2, and Group 3. Descriptive statistics were conducted thereafter. 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 7. 

 

Table 6. Experiment groups. 

Groups   Explanation 

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 

Group 3 Game players in a VR environment with a biophilic treatment exposure group 
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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 t-test was performed. The 

results revealed a statistically significant difference between Group 0 and Group 1 

concerning the Sustainable Behavior Scale (SBS) (Student’s t-test p < .041), although no 

significant difference was observed between the groups regarding the subcategories of the 

SBS (see Table 8). Therefore, H1 is supported. 
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Table 7. Descriptive statistics of Group 0 and Group 1. 

QualityofLife  CareEnvWellbeing EnvIdentity  ProEnBeh  SBS  

0 1  0 1  0 1  0 1  0 1 

Valid    41 42  41 42  41 26  41 26  41 43 

Missing    0 1  0 1  0 17  0 17  0 0 

Mean    3.86 4.03  3.81 3.89  5.23 5.09  3.51 3.5  3.69 3.85 

Std. Dev.   0.57 0.44  0.64 0.66  0.92 1.04  0.54 0.5  0.48 0.37 

Skewness   -0.45 -0.13  -0.78 -0.24  -0.71 0.31  -0.17 0.45  -0.26 0.42 

Std. Err.of Skewness  0.37 0.37  0.37 0.37  0.37 0.46  0.37 0.46  0.37 0.36 

Kurtosis   -0.61 -0.67  0.39 -0.84  -0.6 -0.61  -0.62 -0.51  -0.9 -0.29 

Std. Err.of Kurtosis  0.72 0.72  0.72 0.72  0.72 0.89  0.72 0.89  0.72 0.71 

Shapiro-Wilk   0.95 0.98  0.95 0.96  0.98 0.96  0.98 0.96  0.96 0.96 

P-value of Shapiro-Wilk 0.09 0.52  0.07 0.15  0.53 0.46  0.57 0.39  0.11 0.18 

Min.    2.7 3  2.2 2.6  3.2 3.2  2.3 2.6  2.7 3.2 

Max.    4.9 4.9  4.9 4.9  7 7  4.5 4.6  4.5 4.7 

Note. 0:Group 0, 1:Group 1. 
Note. QualityofLife: quality of life is the sub-category of the sustainable consumption behavior scale, CareEnvWellbeing: care environmental 

wellbeing is the sub-category of the sustainable consumption behavior scale, EnvIdentity: environmental identity, ProEnvBehs: pro-environmental 

behavior.
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Table 8. Independent sample t-tests. 

     t  df   p 

SBS   -1.764  82 0.041* 

QualityofLife  -1.460  81 0.074 

CareEnvWellbeing -0.584  81 0.280 

EnvIdentity   0.544  65 0.706 

ProEnvBehs   0.053  65 0.521 

Note. QualityofLife: quality of life is the sub-category of the sustainable consumption behavior scale, 

CareEnvWellbeing: care environmental wellbeing is the sub-category of the sustainable 

consumption behavior. 

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

Note. Student’s t-test. 
 

 

Furthermore, descriptive statistics (refer to Table 9) were calculated to test the normality of 

Group 1 and Group 2. The Shapiro-Wilk test results in Table 8 demonstrate that all 

subcategories of the SBS were normally distributed (Quality of Life: Group 1 p = .52, Group 

2 p = .22; Care Environmental Well-being: Group 1 p = .15, Group 2 p = .06; Environmental 

Identity: Group 1 p = .46, Group 2 p = .0454; Pro-environmental Behavior: Group 1 p = .39, 

Group 2 p = .87).
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Table 9. Descriptive statistics of Group 1 and Group 2. 

 QualityofLife  CareEnvWellbeing EnvIdentity  ProEnBeh  SBS   

1 2  1 2  1 2  1 2  1 2 

Valid    42 40  42 40  26 40  26 40  43 40 

Missing    1 0  1 0  17 0  17 0  0 0 

Mean    4.03 4.21  3.89 4.05  5.09 5.91  3.5 3.81  3.85 4.02 

Std. Dev.   0.44 0.39  0.66 0.6  1.04 0.66  0.5 0.52  0.37 0.35 

Skewness   -0.13 -0.15  -0.24 -0.72  0.3 -0.86  0.45 -0.06  0.42 0.2 

Std. Err.of Skewness  0.37 0.37  0.37 0.37  0.46 0.37  0.46 0.37  0.36 0.37 

Kurtosis   -0.67 -0.91  -0.84 0.36  -0.61 0.95  -0.51 -0.46  -0.29 -0.16 

Std. Err.of Kurtosis  0.72 0.73  0.72 0.73  0.89 0.73  0.89 0.73  0.71 0.73 

Shapiro-Wilk    0.98 0.96  0.96 0.95  0.96 0.94  0.96 0.99  0.96 0.98 

P-value of Shapiro- Wilk 0.52 0.22  0.15 0.06  0.46 0.04  0.39 0.87  0.18 0.7 

Min.    3 3.5  2.6 2.3  3.2 4  2.6 2.7  3.2 3.3 

Max.    4.9 4.9  4.9 4.9  7 7  4.6 4.9  4.7 4.9 

Note. 1:Group 1, 2:Group 2. 
Note. QualityofLife: quality of life is the sub-category of the sustainable consumption behavior scale, CareEnvWellbeing: care environmental wellbeing 

is the sub-category of the sustainable consumption behavior scale, EnvIdentity: environmental identity, ProEnvBehs: pro-environmental behavior. 
Note. Significant results suggest a deviation from normality. 
*p<.05
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Following descriptive statistics, to test hypothesis H2, which suggests that playing a serious 

game with biophilic design elements will increase participants’ sustainable behavior more 

than experiencing the real built environment, an independent sample t-test was conducted. 

The results indicated a significant difference between Group 1 and Group 2 regarding 

Sustainable Consumption Behavior (Quality of Life: Student’s t-test p = .028), 

Environmental Identity (Student’s t-test p < .001), Pro-environmental Behavior (Student’s 

t-test p = .009), and SBS (Student’s t-test p = .022). The significance and non-significance 

of the p-values can be viewed in Table 10. 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. 

 

Table 10. Independent sample t-test. 

 t  df  p 

SBS     -2.054  81  0.022* 

QualityofLife    -1.947  80  0.028* 

CareEnvWellbeing   -1.153  80  0.126 

EnvIdentity    -3.902  64          < .001** 

ProEnvBehs    -2.408  64  0.009* 

Note. QualityofLife: quality of life is the sub-category of the sustainable consumption behavior scale, 

CareEnvWellbeing: care environmental wellbeing is the sub-category of the sustainable 

consumption behavior 

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

Note. Student’s t-test. 
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6.3. Immersive Game Results 

 

The Sustainable Behavior Scale (SBS) exhibited acceptable consistency with all items and 

sub-categories (α = .85), and an alpha level of .05 was utilized for all statistical tests. 

ANOVA was employed to compare 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 = ∑ (∑ Xi)2 / ni-(∑ Xi)2/N 

Where: 

Xi = Individual scores in each group 

ni = 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 11 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-value = 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-value = 0.024 < 0.05). 
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Table 11. ANOVA tests.          

 

GROUP   Mean Std. Deviation   Eta-square F  p   

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 0,43      

Group 2  4,21 0,39   -  1,763 0.176 

Group 3  4,13 0,47 

EnvIdentity 

Group 1  5,1 1,05      

Group 2  5,91 0,66   0,137  8,311 <.001** 

Group 3  5,65 0,74 

 Group 1 - Group 2         <.001** 

 Group 1- Group 3         0.018* 

ProEnvBehs 

 Group 1  3,5 0,51      

Group 2  3,81 0,52   0,062  3,445 0.036* 

Group 3  3,7 0,40 

 Group 1 - Group 2         0.030* 

Note. 95% confidence interval, *p<.05, **p<.001. 

 

ANOVA results indicate statistically significant differences in Environmental Identity 

(EnvIdentity) mean scores among the groups (p-value < 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. 
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Regarding the Pro-environmental Behavior (ProEnvBehs) score comparison among the 

groups, significant differences were detected (p-value = 0.036 < 0.05). Further post-hoc 

analysis unveils a statistically significant difference specifically between Group 1 and Group 

2 concerning the ProEnvBehs Score (p-value = 0.030 < 0.05). 

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

 

To demonstrate the relation between SBS and game score or unsustainable-sustainable 

decisions within Group 2 and Group 3, Pearson’s Correlation test was done. The statistics 

indicated no significant correlation between game scores, unsustainable and sustainable 

choices, and the SBS scores of the participants (Table 12). 

 

Table 12. Pearson’s correlations table. 

             Pearson’s r       p 

  GameScore  - SBS   0.106  0.342 

  GameScore  - unsustainable            -0.173  0.121 

  GameScore  - sustainable  0.006  0.958 

  SBS   - unsustainable            -0.087  0.435 

  SBS   - sustainable  0.128  0.252 

  unsustainable  - sustainable  0.605  <.001** 

Note. * p<.05, ** p<.001.
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CHAPTER VII: 

 

DISCUSSION 

  

 

 

 

Scientific studies consistently emphasize the role of environmental factors in shaping 

sustainable behaviors, making this an active area of ongoing research. Given that much of 

our daily life occurs within built environments, these spaces inevitably influence our 

behaviors. Within this context, biophilic design has emerged as a key concept, gaining 

traction for its potential to foster sustainable behavioral patterns. At the same time, 

serious games have become a prominent research tool for influencing sustainable 

behaviors, rising in popularity as a research methodology. This thesis utilized the serious 

game approach as an innovative tool to better understand and assess individuals’ 

sustainable behaviors. 

 

The study involved four experiments to test three hypotheses and explore three research 

questions (Table 13). The results revealed that biophilic design positively influences 

individuals' sustainable behaviors. Moreover, engaging with a serious game that 
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incorporates biophilic design within a similarly treated environment enhances support for 

sustainable behavior more than exposure to a biophilic environment alone. 

Table 13. Hypotheses of this study and their outcomes.      

Code  Hypothesis       Result   

There is a statistically significant difference 

  between the control group (experiencing 

H1  the non-biophilic built environment) and    Supported 

  the treatment group (experiencing the built 

  environment with biophilic design) in terms 

  of sustainable behaviors. 

  Playing a serious game with biophilic design 

H2  elements increases participants’ sustainable   Supported 

  behavior more than experiencing the real 

  built environment. 

Participants exhibit distinct sustainable 

H3   behaviors in virtual reality environment    Not supported 

  compared to real-world settings       

 

The findings partially support H1, showing a significant difference in sustainable 

behaviors between participants exposed to biophilic and non-biophilic environments, 

consistent with previous studies (Ryan & Browning, 2020; Wijesooriya & Brambilla, 

2021; Zhong et al., 2022). However, when examining specific subcategories of 

sustainable behavior, no significant differences were found in Environmental Identity, 

Sustainable Consumption Behavior (SCB), or Pro-environmental Behavior. While 

participants generally exhibited more sustainable behaviors in a biophilic environment, 

this did not translate into distinct differences in the individual subcategories. 
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The study also supports H2, demonstrating that combining a serious game with biophilic 

design and a biophilic physical environment has a more substantial positive effect on 

sustainable behaviors than the environment alone. However, H3 was not supported, as no 

significant differences were found between sustainable behaviors in real and immersive 

virtual environments, aligning with earlier research (Emamjomeh et al., 2020; Yin et al., 

2018). This suggests that immersive VR environments could be a valuable alternative for 

researchers with limited access to real-world settings. 

 

Before conducting the experiments, correlation was hypothesized between game scores 

and participants' sustainable behaviors. However, this assumption was not supported by 

the analysis. Participants tended to prioritize sustainability over high scores when 

choosing game items, possibly influenced by the nature of serious games as a form of 

entertainment (Squire, 2003). Although no direct correlation was found between 

sustainable behaviors and game scores, the group that played the game showed a positive 

difference in sustainable behaviors compared to the group that did not play. 

 

The findings of this study provide significant insights into the potential of biophilic 

design, especially when integrated with serious games, in promoting sustainable 

behaviors. The results align with previous research, affirming the efficacy of biophilic 

environments in positively influencing human behavior. The integration of both virtual 

and real biophilic settings in this study is a novel approach that extends the existing body 

of knowledge in environmental psychology and sustainable design. 
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The comparison between real and virtual biophilic environments revealed that biophilic 

elements in immersive VR settings can elicit similar responses as those found in physical 

environments. These results are consistent with studies by Yin et al. (2018), which 

showed that exposure to natural elements in virtual environments could reduce negative 

mood and improve cognitive function, similar to their effects in real-world settings. This 

finding also supports the work of Browning, Ryan, and Clancy (2014), who suggested 

that biophilic design could reduce stress and enhance overall well-being in urban spaces. 

 

One of the most important contributions of this study is the exploration of serious games 

as an educational tool to encourage sustainable behaviors. The literature on serious 

games, such as the work by Orland et al. (2014) and Johnson et al. (2017), emphasizes 

their ability to change behavior by simulating real-world challenges in a gamified 

environment. In this study, the use of a serious game that incorporated biophilic elements 

was shown to further enhance sustainable behavior, particularly in the virtual setting. 

This outcome aligns with prior studies that highlight the value of serious games in 

fostering pro-environmental behaviors (Senbel et al., 2014; de Vries & Knol, 2011). 

 

The study's methodology, combining both qualitative and quantitative approaches, 

allowed for a robust analysis of how biophilic design and serious games can work 

synergistically to foster sustainable behaviors. The results from the Pro-Environmental 

Behavior Scale (PEBS) and Sustainable Consumption Behavior Scale (SCB) confirmed 

that participants exposed to biophilic design, particularly in virtual reality environments, 

demonstrated higher engagement in sustainable actions. These findings expand on the 
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theoretical frameworks proposed by Stern (2000) regarding value-belief-norm theory and 

its application in the context of environmental education. 

 

Despite the promising results, several limitations should be acknowledged. First, the pilot 

study used a small sample size, which limits the generalizability of the findings. Future 

studies should aim to involve a larger, more diverse sample to validate the outcomes. 

Additionally, while the PEBS and SCB scales provided valuable insights, more 

comprehensive tools could be used in future studies to explore different dimensions of 

sustainable behavior, such as long-term behavioral change.
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CHAPTER VIII: 

 

 

CONCLUSION 

 

 

 

In conclusion, in this thesis, I proposed that playing a serious game designed with a 

biophilic approach within a built environment featuring biophilic elements can effectively 

promote sustainable behaviors. To validate this idea, the first author developed a serious 

game based on data collected from participants. The results showed that biophilic design 

positively influenced participants, with the most significant impact observed when 

participants engaged with the game in such an environment. This was more effective than 

exposure to either a non-biophilic or biophilic environment alone, or playing the game in 

a virtual reality (VR) setting. These findings suggest that using serious games, which are 

less costly and time-consuming, can be a practical alternative to traditional, resource-

intensive research setups for studying the effects of environmental factors on human 

behavior. 
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The study identifies certain biophilic elements—such as visual and non-visual 

connections with nature, dynamic and diffuse light, and the presence of water—as having 

the most significant impact on sustainable behaviors as having the most significant 

impact on their perceived sustainable behaviors, as confirmed by their interview 

responses. The numerical data, including Biophilic Index (BI) responses from the same 

participants, supported these observations. This insight can guide future research and 

practical applications by suggesting that these elements be prioritized in the design of 

both physical and virtual environments. Moreover, understanding the specific 

mechanisms through which these elements influence behavior could lead to more 

targeted and effective interventions (Ryan & Browning, 2020; Zhong et al., 2022). 

 

For the field of interior architecture, this research opens new avenues for the 

incorporation of biophilic design principles in not just traditional physical spaces, but 

also in virtual environments. By demonstrating that virtual reality environments with 

biophilic elements can evoke similar psychological and behavioral responses as real-

world settings, the study suggests that interior designers should consider VR applications 

as a valid medium for promoting sustainability and well-being. This is particularly 

relevant in contexts where physical biophilic integration is challenging, such as in 

densely populated urban areas or restricted spaces like hospitals and industrial zones. 

This research also supports the idea that digital environments can be thoughtfully 

designed to mirror the benefits of natural spaces, which expands the role of interior 

architects in designing immersive, technology-driven spaces. 
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The potential applications of this research extend beyond traditional educational tools, 

providing architects and interior designers with innovative methods to engage individuals 

in sustainable behaviors through the use of technology and immersive design. By 

bridging the gap between physical and virtual spaces, this study broadens the horizons of 

biophilic design and reinforces its role in shaping a sustainable future. 

 

Future studies should build on these findings by exploring the long-term impact of 

biophilic design in virtual spaces, as well as its integration with other digital tools that 

foster environmental awareness. Through continued research, the fields of interior 

architecture and architecture can evolve to address the urgent need for sustainable design 

solutions in both tangible and digital realms. 

 

Moreover, future research should explore these specific elements individually to 

understand their distinct influence compared to other biophilic factors. The literature 

indicates that biophilic design significantly affects individuals' behaviors, moods, and 

cognitive abilities (Emamjomeh et al., 2020; Ryan & Browning, 2020; Wijesooriya & 

Brambilla, 2021; Yin et al., 2018; Zhong et al., 2022). My study further contributes by 

evaluating its impact on sustainable behaviors. 
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8.1. Implication of the Study 

 

The findings from this study have several important implications for the fields of 

environmental design, sustainability research, and behavioral psychology, particularly in 

the context of biophilic design and serious games. 

 

First, the integration of biophilic design in built environments: The study underscores the 

potential of biophilic design to significantly enhance sustainable behaviors in individuals. 

By demonstrating that environments enriched with biophilic elements can promote pro-

environmental behaviors, the research suggests that incorporating biophilic design 

principles in built environment could be a powerful strategy for fostering a deeper 

connection between individuals and the natural world. This has direct implications for 

architects, designers, and policymakers who aim to create built environments that 

encourage environmentally responsible behavior. The use of biophilic design could also 

be strategically applied in educational and institutional settings to instill sustainable 

practices in larger populations (Browning et al., 2014; Kellert, 2008). 

 

Second, the use of serious games as a research tool: The successful application of a 

serious game to measure and influence sustainable behaviors presents a cost-effective and 

innovative alternative to traditional research methods. Serious games offer a dynamic and 

engaging platform for participants to interact with complex environmental scenarios, 

which can lead to more profound and lasting behavioral changes than passive observation 

or instruction alone. This finding highlights the potential for serious games to be used not 
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only as a research tool but also as an educational and training mechanism to promote 

sustainability (Schuller et al., 2013; Johnson et al., 2017). 

 

In summary, this study contributes to the growing body of evidence supporting the 

integration of biophilic design in built environments and the innovative use of serious 

games as tools for promoting sustainable behaviors. These findings have broad 

implications for how we design our spaces, educate future generations, and develop 

policies aimed at fostering a sustainable relationship between humans and the 

environment. 

 

8.2. Limitations of the Study  

 

The strengths collectively enhance the credibility and potential impact of the thesis. 

However, it is important to recognize the study's limitations to provide a balanced 

evaluation. There are five main limitations in this thesis’ experimental study.  First, 

limitation is contextual specificity. The findings may have limited generalizability due to 

the specific context of the Bilkent University’s Science Building and the use of a serious 

game. The controlled environment in which participants' responses were collected may 

not fully reflect behaviors in more diverse real-world settings. Second limitation is 

participant selection and exclusion. Some participants were excluded due to motion 

sickness during VR gameplay and unfamiliarity with the experimental setup. Moreover, 

the study primarily focuses on short-term behavioral changes immediately following 
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exposure to biophilic design elements, which may not fully capture long-term sustainable 

behaviors. 

 

Moreover, third limitation is short-term focus of the study. The study primarily focused 

on assessing immediate behavioral changes following exposure to biophilic design 

elements. As a result, the findings may not capture the long-term sustainability of these 

behaviors. Longitudinal studies are needed to understand how these behaviors evolve 

over time and whether the initial impacts of biophilic design persist. Forth limitation is 

limited scope of biophilic elements. Although the study identified specific biophilic 

design elements that influence sustainable behaviors, it did not explore the full range of 

possible elements or combinations thereof. The impact of other biophilic features that 

were not included in the serious game or the built environment remains unexplored. 

 

The last limitation of the study is virtual vs. real world comparisons. While the study 

compared behaviors in virtual and real environments, it did not fully investigate the 

nuances between these two settings, particularly how different types of virtual 

environments might influence behavior differently. The study’s findings on the 

effectiveness of VR environments in promoting sustainable behaviors may be limited by 

the specific VR setup used. 

 

8.3. Suggestions for Future Studies 

 

Future research could address these limitations to build upon the findings and further 
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explore the relationship between biophilic design and sustainable behaviors: 

 

Future studies should aim to apply the experimental design in more diverse real-world 

settings, beyond controlled environments such as university buildings, to assess the 

generalizability of the results. Expanding the study to different types of environments, 

including urban, rural, and commercial spaces, would provide a more comprehensive 

understanding of the influence of biophilic design. 

 

To enhance the robustness of future studies, researchers should consider including 

participants who may experience motion sickness or discomfort in VR settings by using 

alternative virtual setups or less immersive technologies. A larger and more diverse 

participant pool could offer more generalizable results. 

 

Future research should consider longitudinal designs that examine the long-term effects 

of exposure to biophilic design elements on sustainable behaviors. This would allow 

researchers to assess the persistence of behavioral changes over time and evaluate the 

long-term impact of both real-world and virtual biophilic environments. 

 

Future studies could expand the scope of biophilic elements considered in both real and 

virtual environments. This could include investigating the effects of a wider variety of 

natural features, such as water elements, sounds of nature, or organic materials, to 

determine their potential influence on sustainable behaviors. 
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More nuanced comparisons between virtual and real-world environments should be 

explored, particularly by varying the types of virtual environments (e.g., more immersive 

or less immersive) and studying how these variations influence behavior. Investigating 

different VR setups, such as varying the level of immersion or using mixed-reality 

environments, could offer deeper insights into how virtual biophilic environments impact 

sustainable behavior. 
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Appendix F. Pre and Post Test of the Pilot Study 
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Appendix G. Interview Data 
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