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ABSTRACT 

 

THE NEUROLOGICAL AND PSYCHOLOGICAL EFFECTS OF  

HUMAN AND NATURE INTERACTION: WALKING IN  

NATURAL LANDSCAPES AND LANDSCAPED GARDEN ENVIRONMENTS 

 

Tolunay, Fulya 

MFA, Department of Interior Architecture and Environmental Design 

Supervisor: Assoc. Prof. Dr. Yasemin Afacan 

 

September 2022  

Living in an urban environment causes a low connection with nature. Both Natural Landscapes 

(NL) and Landscaped Gardens (LG) have positive influences on human neurological and 

psychological well-being. The inter-discipline of neuroarchitecture provides for examining the 

neurological effects of the environment. This thesis aims to understand the difference between 

walking in NL (woodland with natural water features- Eymir Lake) and LG (human-made 

garden with artificial water features- Park Oran Residential Area) environments. The 

neurological methodology of the study has an electroencephalogram (EEG), a measurement to 

analyze before- after the alpha to the beta brain frequency band. The findings demonstrate that 

walking in LG has more potential to increase relaxation and decrease stress than in the NL 

environment. This study aims to contribute to a greater understanding of the correlation between 

the neurological and psychological effects of different types of natural environments.  

 

Keywords: Neuroarchitecture, Alpha-Beta Brain Frequency Band, Electroencephalogram 

(EEG),  Landscaped Garden (LG), Natural Landscape (NL),   
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ÖZET 

 

İNSAN VE DOĞA ETKİLEŞİMİNİN NÖROLOJİK VE PSIKOLOJİK ETKİLERİ: DOĞAL 

PEYZAJ ORTAMLARINDA VE PEYZAJLI BAHÇE  

ORTAMLARINDA YÜRÜMEK 

 

 

Tolunay, Fulya 

MFA, İç Mimarlık ve Çevre Tasarımı Bölümü 

Tez Danışmanı: Doç. Dr. Yasemin Afacan 

 

Eylül 2022 

 

Kentsel yaşamlar, doğa ile kurulan bağlantının zayıflamasına neden olur. Hem Doğal Peyzaj 

alanları hem de Peyzajlı Bahçeler, insanın nörolojik ve psikolojik sağlığı üzerinde olumlu 

etkilere sahiptir. Nöromimari, çevrenin insanın nörolojisi üzerindeki etkilerini inceleyen 

disiplinlerarası bir alandır. Bu çalışma, doğal su elemanı olan ormanlık alan (Eymir Gölü) ve  

yapay su alanı olan peyzaj bahçe ortamları (Park Oran Site Alanı) arasındaki nörolojik ve 

psikolojik farkları anlamayı amaçlamaktadır. Çalışmanın nörolojik metodolojisi, yürüyüş 

öncesinde ve sonrasında, alfa ve beta beyin frekans bandını analiz etmek için 

Elektroensefalografi  (EEG) ölçümüne sahiptir. Çalışmanın sonuçları, peyzajlı bahçe 

alanlarında yürümenin rahatlamayı arttırma ve stresi azaltma potansiyelinin doğal peyzaj 

alanlarınndan daha fazla sahip olduğunu göstermektedir. Bu çalışma, farklı doğal ortam 

türlerinin nörolojik ve psikolojik etkileri arasındaki ilişkinin anlaşılmasına katkıda bulunmayı 

amaçlamaktadır. 

 

Anahtar Kelimeler: Nöromimari, Alfa-Beta Beyin Frekans Bandı, Elektroensefalografi (EEG), 

Peyzajlı Bahçe Alanları, Doğal Peyzaj Alanları  
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

 

1.1. Problem Statement  

 

Many cultures have been exposed to modernization, development, and ecological degradation, 

which are definitively associated with increased feelings of isolation and depression in modern 

urban environments (Mayer, 2004). Compared to their parent's generation, most people today 

have considerably fewer opportunities to interact with nature in daily life (Bratman, Hamilton 

& Daily, 2012). In 2001, The National Human Activity Pattern Survey (NHAPS) showed that 

people spend nearly 90% of their time indoors (Klepeis et al. 2001). Furthermore, urban 

environments have 75% of the population, increasing gradually (Vlahov, Galea & Freudenberg, 

2005). According to Sampson, the disconnected humans from nature are the Third Crisis, the 

first and second global crises being climate change and loss of habitat and species (Sampson, 

2013). 

 Urban environments provide ease of transportation, high-quality shelters, required energy, and 

better social interactions that are essential for feeling secure and part of a community. On the 

other hand, the system of urban environments causes a variety of negative impacts, including 

many negative physical health problems such as high blood pressure (Shanahan et al., 2016), 
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obesity risk (Cotie et al., 2018), and psychological health problems including increasing stress 

(Berto, 2014), anxiety (Bratman, Daily, Levy & Gross, 2015) and depression (Peen, Schoevers, 

Beekman & Dekker, 2010). A new field of neuro urbanism addresses these issues, applying 

neuroscience laboratory methods to tackle global urban problems and promote the health of city 

dwellers (Pykett, Osborne & Resch, 2020). 

 

Aspinall et al. (2015) were interested in the relationship between the environment, behavior 

patterns, and emotions. They implemented mobile Electroencephalography (EEG) data 

collection while walking through three urban environments: an urban shopping street, a green 

space, and a busy commercial district, for approximately 25 minutes. The results showed that 

walking in the green garden increased the meditation level. On the other hand, an experiment 

by Zhang (2019) and his colleagues compared the effects of natural landscape versus 

landscaped garden photographs using Functional Magnetic Resonance Imaging (fMRI), which 

is quite similar to this study.  

 

Even though there is a substantial part of research on urban life, natural and landscaped 

environments, and their effects on human psychological and physical health, they do not focus 

on water features. Furthermore, a few studies investigating the influence of water features do 

not use functional imaging measurements. This researcher is hoping to fill this gap in the 

literature. The importance of this research is that using the functional brain imaging 

measurement to collect scientific objective data to compare natural and landscaped gardens 

with water features will achieve a novel scientific insight into natural areas within urban 

environments and their effects. 
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1.2. Aim of the Study  

 

The study aims to analyze the neurological and emotional differences between natural 

landscapes and landscaped gardens with water features. This study achieves this aim by 

collecting neurological data before and after walking in different environments and 

implementing a questionnaire for both settings in order to compare the results.  

 

1.2. Structure of the Thesis  

 

The following sections describe key components of the research to achieve its aim and 

objectives. Chapter 2 presents the relative literature review on the effects of ‘nature experience’ 

in urban environments and water features. It discusses the psychophysiological effects of nature 

experiences in urban areas, especially human and nature intentional interaction: walking. The 

final part of Chapter 2 introduces the term neuroarchitecture with its history, definition, and 

methodologies comparing similar studies. The methodology of the study is explained in Chapter 

3. It presents the research questions and the hypotheses. Then, it describes the sample and 

elaborates on the design of the experiment, including sampling, setting, procedure, and data 

analysis focusing on objective data collection (EEG Raw Data, Performance Metrics) and 

subjective data collection (POMS and CNS written surveys). Chapter 4 presents the results of 

the experimental data and discusses the findings from the perspective of the previous studies. 

Chapter 5 is the conclusion, where the study summarizes the implications of the major findings 

along with the limitations of the study and recommendations for further research. 
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CHAPTER 2 

 

 

LITERATURE REVIEW 

 

 

 

2.1. Nature Experience in Urban Environments 

 

70% of the worldwide population lives in urban environments, and most of them lack a 

connection with nature. Furthermore, statistical estimation for 2050 is that two-thirds of the 

global population will live in urban areas (Vlahov et al., 2005). Landscaped gardens in urban 

environments positively affect ecosystem services, improve city dwellers' lives, and decrease 

health problems (Lederbogen et al., 2011). Trees in urban areas, for instance, may reduce air 

pollution by absorbing certain air contaminants from the atmosphere (Nowak, Crane, & 

Stevens, 2006). Environmental quality includes a variety of vegetation, and easy public 

transportation while minimizing the sound and air pollution of traffic, facilities, and services 

(Dahmann, Wolch, Joassart-Marcelli, Reynolds, & Jerret, 2010). Longer than 15 min in high-

quality natural environments promotes the feeling of vitality significantly (Tyrväinen, 2014). 

 

The increased number of landscaped gardens in urban areas provides better psychological, 

physical, and mental health (Gascon, Zijlema, Vert, White & Nieuwenhuijsen, 2017). For 

instance, research in Finland investigated the effects of sitting and walking in three different 

urban areas; a city center, a park, and an urban woodland on psychological (restorativeness, 
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creativity, and mood) and physiological (salivary cortisol concentration) well-being. The 

experiment separates green environments as urban parks and urban woodlands and concludes 

that there is a relatively slight difference in the effects measured. However, prolonged sitting in 

the urban woodland may have a higher restorative effect than sitting in the urban park. On the 

other hand, the most significant difference between urban woodland and the city center is in a  

positive mood and restoration. Additionally, participants have higher creativity in green 

environments (Tyrväinen et al., 2014).  

 

MacKerron and Mourato's (2013) experiment has an innovative data collection design which 

has a smartphone app for randomly getting signals from participants' location from Global 

Positioning System (GPS) and giving a brief questionnaire about Subjective Wellbeing (SWB). 

They collected over one million responses from more than 20,000 participants. The results show 

that participants feel happier in greenery outdoor environments (MacKerron & Mourato, 2013). 

 

Ronghua (2019) and colleagues researched the effects of characteristics of urban green spaces 

on both aesthetic preference and perceived restorativeness with 24 photomontage images by 

manipulating four dimensions: the number of trees, flowers, water features, and animals like 

birds and fish, relative to a baseline photograph taken in China. The experiment results show 

that the restorative potential increases with the number of trees, flowers, and water features but 

is not affected by animals. For this reason, there was a strong positive correlation between 

aesthetic preference and restorativeness. Furthermore, the research pointed out that urban 

landscaped design archives greater restoration with high aesthetic quality with water features 

and an increased number of trees and flowers (Ronghua, Zhao, Meitner, Hu & Xu, 2019). 
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Alvarsson, et. al.’s (2010) experiment compared visual relations with the natural and urban 

environments with their auditory stimulation with regard to psychological stress recovery by 

using an Electrocardiogram (ECG) to collect Heart Rate Variability (HRV). The experiment 

results show that the natural environment with the sound of nature has more sympathetic 

activation for increasing relaxation and stress recovery (Alvarsson, Wiens & Nilsson & 2010).  

 

2.2. The Psychological and Psychophysiological Effects of Nature Experience 

 

During the daytime, the physical, psychological, and social resources have reduced if not meet 

the demand for refreshment and relaxation. The term restoration means recovery and healing 

effects of these sources (Amicone & Petruccelli, 2018). The literature has two main theories 

about the restoration effects of nature on human psychology. The first theory is the Stress 

Recovery Theory (SRT) by Ulrich, which explains that interaction with nature increases 

positive emotions and decreases stress (Ulrich et al., 1991). Another theory is Kaplan’s 

Attention Restoration Theory (ART), which explains the restorative effects of nature on 

attention (Kaplan et al., 1989).  

 

The SRT emphasizes that natural environments may influence recovery from physiological 

stress and refresh the emotional state (Ulrich & Addoms, 1981). The physiological findings 

suggested that the parasympathetic nervous system is strongly influenced by responses to nature 

(Ulrich et al., 1991). Ulrich's (1981) experiment combined EEG and physiological sensors to 

demonstrate that urban environments stimulate the brain more than greenery settings (Ulrich, 

1981). According to the study's findings, natural environments reduce levels of negative 

emotions such as fear and moderate physiological arousal (Ulrich et al., 1991).  

 



 
 

7 
 

ART can provide an accurate theoretical description of how nature might restore and improve 

cognition and attention in individuals (Kaplan, 1995). However, the theory focused on the 

notion of fascination for the process of attention restoration. According to ART, restoration 

from directed attention fatigue occurs with psychological effects such as; being away, 

fascination, extent, and compatibility. Moreover, nature's soft fascinating characteristics can 

lead to a recovery of directed attention. Kaplan and Kaplan's (1989) study shows that natural 

environments provide these four factors more than urban environments. In addition, the 

possibility of engaging natural environments to provoke bottom-up involuntary attention is 

responsible for this effect (Joye & Dewitte, 2018). Because urban environments often contain 

distracting stimuli, including overpopulation, unwanted sounds, and, poor air quality (Berman, 

Jonides & Kaplan, 2008), directed attention may need to involve even more effort for 

stimulation, potentially exacerbating directed attention fatigue. Restorative nature experiences 

are thus assumed to be recovery effects in the most common theoretical characterization of 

ART: nature facilitates the replenishment of an initially depleted resource that is directed 

attention. Stephen Kaplan claims that nature should feel more relaxed and familiar because our 

ancestors evolved in a natural setting. The critical point is that ART can provide a theoretical 

analysis explanation of how nature can benefit from attention restoration and improve cognitive 

performance capacity (Kaplan, 1995).  

 

The main difference between these theories is that SRT emphasizes the role of nature in 

relieving physiological stress, whereas ART emphasizes the role of nature in relieving mental 

fatigue (Frumkin et al., 2017). Although both theories have similarities, using the ART 

framework is more often concerned with how natural environments can replenish depleted 

cognitive resources. In contrast, research using the SRT framework is more concerned with 

how natural environments can help people recover emotionally and physiologically from the 
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stresses and strains of everyday life, particularly in urban areas (White, Pahl, Ashbullby, 

Herbert & Depledge, 2013). 

 

Whether the two theories address complementary processes may depend on the relative timing 

of environmental effects and the given measurements. For example, different impacts of 

interaction with natural environments can appear in approximately 4 minutes in physiology 

(Ulrich et al., 1991) and emotional states in approximately 10–15 minutes (Ulrich, 1979). On 

the other hand, intentional interactions like walking in nature have not consistently emerged 

after 15 minutes (Hartig, Evans, Jamner, Davis & Gärling, 2003), but they have appeared after 

more prolonged periods. 

 

2.3. Water Element in Nature Experience 

 

The essential value of water has been known since ancient societies (Solomon et al., 2010) and 

was called a 'sacred substance' in history (Strang, 2020). Moreover, most spiritual rituals 

include water for healing and refreshing power. For this reason, the priority of water in 

landscapes is an indispensable part of establishing and sustaining the existence of living 

organisms (Herzog and Barnes, 1999). Moreover, historical research shows that most urban 

environments are located on riversides to promote human health and achieve sustainable 

accommodation needs (Strauss, Lepoutre & Wood, 2017). 

 

The presence of water in urban environments positively contributes to environmental, 

psychological, physiological, social, aesthetic (Karmanov and Hamel, 2008), and economic 

(White,2010) conditions. For instance, natural settings with water features have lower 

environmental stressors such as air pollutants and noise (Markevych et al., 2017). On the other 
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hand, psychological studies show that water features reduce psycho-physiological stress (Ulrich 

& Addoms, 1981), replenish attentional capacities (Kaplan, Kaplan & Brown, 1989), and, 

enhance wellbeing (V¨olker & Kistemann, 2011) by increasing restoration. Nutsford (2016) 

and associates conducted experiments in Wellington, New Zealand, to measure psychological 

distress using the Psychological Distress Scale for adults. The results show that higher 

psychological well-being is related to a water view from home. Additionally, natural 

environments with water features provide a qualified chance for physical activities (Pasanen, 

White, Wheeler, Garrett & Elliott, 2019), gathering, and socializing with multi activities with 

family and friends, improving social cohesion and interaction (Markevych et al., 2017).  

 

Furthermore, the visual, auditory, and physical relationships can increase the effect of the water. 

For example, an auditory relationship with the water is the most unique sound of nature with a 

remarkable restoring and calming effect (Burmil, Daniel & Hetherington, 1999). Moreover, a 

visual relationship with water in addition to an auditory relationship will increase the visual 

rating of the scenery (Smith, Croker & McFarlane, 1995) and fascination (Laumann, Gärling & 

Stormark, 2001). Regan and Horn (2005) found that water features utilize restoration and 

recreational leisure activities with an increasing happy mood state. Figure 1. demonstrates the 

main contribution and related categories of water features in urban environments.  

 

Figure 1. Categories of water features 
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Reviewing the literature showed that water feature experience has been categorized under the 

following points: kinetic recreational experience, situation-based recreational experience, 

harvest experience, and substitution or aesthetic experience. Table 1. shows the four types of 

water feature experiences (Van der Smissen & Christiansen 1976). This research mostly 

focused on aesthetic experiences such as watching the natural and artificial lakes. 

 

Table 1. Water-recreation experience was  studied by Van der Smissen and Christiansen 

(1976) 

Types Description Activities 

Kinetic 

Recreational  

Experiences 

The high degree of motion in water 

(mechanically powered and non-

mechanically) 

 

-Boating, 

-Sailing 

-Canoeing  

-At the water’s edge like 

cycling or jogging  

(Yamashita, 2002) 

Situation-based  

Recreational  

Experiences 

 

Exact location with several times 

experience 

 

-Walking 

-Swimming, 

- Ice skating, 

-Scuba diving, 

-Social interactions 

(Smith et al., 1995) 

Harvest 

Experiences 

 

Concerned with harvest  

(Consumptive. product-oriented), 

-Fishing 

-Harvesting, gathering, or 

 collecting 

Substitution or 

Aesthetic  

Experiences 

 

The passive exploration of water features 

(views and sounds) 

 

-Bird 

-Watching, 

-Game spotting, 

-Drawing and painting, 

-Taking photography 

 

White (2010) and colleagues studied water features' effects and perceived restorativeness as 

well as the preferences of the participants. Their experiment has 120 photographs which are 

classified according to the ratio of "aquatic"/"green"/"built" (rivers, lakes, coasts). First, the 

results show that the most restorative environment is aquatic-green. Secondly, aquatic-only and 

green-aquatic environments are equally distributed. The last built-only environments are the 

least restorative.  shows the results of restorativeness of all types of environments that are seen 

in Figure 2. 
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Figure 2. White et al. (2010) water-recreation experiences 

 

A subsequent study by White (2013) and colleagues studied the effects of different natural 

environments on restoration (calm, relaxed, revitalized, and refreshed). They collected data 

from 4255 participants. The results show that visiting landscapes with water features is more 

restorative than visiting urban environments. Finally, an experiment by White (2017) 

investigated the relationship between natural environments and SWB with the classification of 

three types of exposure (neighborhood exposure, visit frequency, and specific visit). A regular 

visit to natural environments gives eudaimonic well-being and a feeling of worth in their lives. 

The findings are significant for policies to protect and promote public access to qualified natural 

areas with water features. 

 

According to urban and landscape designers, creating water features are more complicated than 

green areas because of maintenance, financing, and construction time (Luttik, 2000). The study 

classifies the three essential natural components as water, vegetation, and diversity in order to 

enhance societies’ ecological, natural, and cultural characteristics (Asakawa, Yoshida, and 

Yabe, 2004). For this reason, in urban environments experiencing high-quality natural 

environments, which means containing water features, is essential for public health to promote 

physical activities such as walking (Gidlow et al., 2016). Furthermore, the presence of water in 
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the landscape positively contributes to human beings and environmental sustainability. For this 

reason, policymakers should allocate private financing or joint public-private financing for 

water features in greenery areas (Völker & Kistemann, 2011). 

 

2.4. Human and Nature Interaction: Walking  

 

The literature has three main types of interaction with nature: indirect, incidental, and 

intentional, categorization can be seen in Table 2. The indirect interactions do not require being 

physically present in nature, like viewing an image or motion picture of nature. Incidental 

interaction, on the other hand, means experiencing nature as a by-product of another activity 

like walking to work or driving in natural environments. The final type of intentional interaction 

specifies being in nature through direct interaction like gardening or camping (Keniger, Gaston, 

Irvine & Fuller, 2013). The interaction categorization is an essential distinction because it 

appears that only a narrow percentage of a population will interact with nature on purpose. 

However, the intent to interact may be pivotal in promoting sustainable behaviors in society 

(Buttazzoni, Veenhof & Minaker, 2020). 

 

Table 2. Types of interactions between people and nature by Keniger and Gaston (2013) 

Interaction 

Types 

Description Examples 

Indirect Experiencing nature while  

not being physically present there. 

View nature in a picture, image, 

motion picture, or window. 

Incidental Experiencing nature as a  

A by-product of another activity. 

Walking to work or driving, 

encountering vegetation indoors. 

Intentional Experiencing or being in nature 

through direct intention. 

 

Hiking, camping, wildlife  

the viewing, adventure gardening,  

or farming. 
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Walking in natural environments has significantly more restorative (Berman et al., 2008; Hartig 

et al., 2003), and meditative effects (Sugiyama, Leslie, Giles-Corti & Owen, 2008) than in urban 

environments. Gidlow’s (2016) and colleagues' experiment compared psychological and 

physiological responses to a 30-minutes walk in three different environments: residential, 

natural, and natural with water. The experiment measured mood, cognitive function, restoration 

experiences, salivary cortisol, and HRV. The results show that natural and artificial water have 

better restoration effects. Studies comparing urban and natural environments give similar 

results. The positive psychological effect increases as the perceived biodiversity in natural 

landscapes increases (Fuller, Irvine, Devine-Wright, Warren, & Gaston, 2007). In natural areas, 

we have more chances to experience biodiversity, but also there are different types of the natural 

environment. Recent research shows that the water and mountain landscapes have the best 

attention restoration abilities among urban and forest landscapes (Tang et al., 2017). Walking 

in nature contributes to health simply by energy expenditure regardless of the purpose of 

walking (transport or recreation). For health benefits, periods of at least 10 minutes of walking 

have an essential role in physical health. Walking for more prolonged periods has also been 

found to have some health benefits over walking in short periods (Barton, Hine & Pretty, 2009). 

 

Hartig et al. (1991) did not find significant differences in blood pressure or heart rate measured 

after a 40-min walk in a natural or urban field setting. However, their study results show that 

walking in a natural environment has a more significant positive effect on the emotional state 

than walking in an urban environment. Harting (2003) and colleagues studied the comparison 

of stress recovery and directed attention restoration in natural and urban settings using repeated 

measures of ambulatory blood pressure, emotional self-reports, and attention collected from 

112 randomly assigned young adults. The experiment's procedure was to sit in a room with or 

without views of trees and then walk in a nature reserve or a medium-density urban area. The 
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results demonstrate that the end of the walk-in natural setting increased positive emotions and 

decreased anger more than the urban environment.  

 

Johansson and others' (2011) study compares the urban outdoor environments (park and street) 

and immediate social context (with or without a friend). Furthermore, each walking 

environment has different according to water features, greenery diversity, closeness to traffic, 

and the human population. The results demonstrate that some of the psychological benefits of 

taking a brisk walk are shaped by the immediate social context and features of the outdoor urban 

environment, including natural features (Johansson, Hartig &Staats, 2011).  

A lack of physical activity plays an essential role in physical and mental health. However, most 

people in urban areas do not have easy access to natural environments for physical activities in 

their daily routines. For this reason, physical activity such as walking for recreation and 

transportation is discouraged in some urban outdoor environments (Frumkin, Frank, & Jackson, 

2004). Therefore, identifying the characteristics of urban environments according  to discourage 

or promote walking may increase accessibility, sustainability, and quality of the physical 

activities in urban environments. 

 

2.5. Neuro-architecture 

2.5.1. History and definition of neuro-architecture 

 

The first document about the nervous system in the seventeenth-century b.c was written by 

Imhotep, an Egyptian royal physician, and architect of the pyramid in Sakkara. On the other 

hand, the brain may not have been regarded as a vital organ at the period, frequently not 

preserved in burial procedures. After over a thousand years, Greek philosophers tried to 

understand the anatomical location of the mind. Plato (427–347 b.c.) assumed that the brain 
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functioned as a mental process, and Hippocrates (460–379 b.c.) conjectured that the brain was 

a controller of sensation and intelligence (Edelstein,2016). Classical philosophy and 

psychology-initiated questions about mental function, constitute the discipline of cognitive 

neuroscience.  

The branch of Neuroscience means the scientific study of the nervous system including 

the brain, peripheral nervous system, and spinal cord, researching their functions. The rapid 

growth of functional brain imaging methods provides a scientific understanding of open 

questions related to social sciences. Meanwhile, neuroscientific research has begun to 

collaborate between various disciplines (Papale, Chiesi, Rampinini, Pietrini & Ricciardi, 2016). 

Today, neuroscience has continuously developed with a wide range of computational 

approaches and technologies of sub-disciplines and methodologies in both scientific studies and 

clinical practice. Therefore, the human brain is considered one of the most complex living 

structures ever discovered. According to recent studies, the human brain contains 200 billion 

neurons, producing tens of thousands of connections (Micheva, Busse, Weiler, O'Rourke & 

Smith, 2010). Before the 1980s, the brain was considered to be fixed or unmodifiable. However, 

significant quantities of studies demonstrated that the brain grows new cells (neurogenesis) and 

makes new connections with change and adaptation (neuroplasticity) (Fuchs & Flügge, 2014). 

These neuroplastic changes may be influenced by various factors such as stress and aging, 

conscious attention, repetition, and reward (Biederman & Vessel, 2006). The essential point is 

that environmental quality and repeated activities have the power to change and enhance the 

connection of signal transmission (Koehl & Abrous, 2011). These findings encouraged The 

American Institute of Architects (AIA) to collaborate with neuroscientists to investigate how 

improvements to the built environment may alter the brain's perception. In the 25-year award 

ceremony, Louis Kahn's design at the Salk Institute of Biological Sciences, Dr. Jonas Salk drew 

designers' attention to research "the power of architecture" on the relation between the internal 

https://en.wikipedia.org/wiki/Science
https://en.wikipedia.org/wiki/Nervous_system
https://en.wikipedia.org/wiki/Brain
https://en.wikipedia.org/wiki/Peripheral_nervous_system
https://en.wikipedia.org/wiki/Spinal_cord
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mind and external surroundings (Papale et al., 2016). Afterward, the Academy of Neuroscience 

for Architecture (ANFA) was founded in 2003 to encourage scientists, architects, and designers 

to research how neuroscience knowledge can redefine design. ANFA is a non-profit 

organization that aims to increase knowledge by integrating neuroscience research to develop 

human responses to the physical environment (Rad et al., 2021).  

 

The new discipline of neuroarchitecture answers how the environment affects the brain and its 

processes. Architectural research has traditionally been based on philosophical theories or 

behavioral patterns related to human responses. In contrast, these methods provide descriptive 

data that cannot identify the causes of specific behaviors in built environments. Recent 

neuroscientific research has attempted to fill the gap between architecture and psychology by 

explaining how different environments affect neurological causes to behavioral results 

(Vartanian et al., 2013). Neuroscientific study shows how certain physical characteristics 

influence sensory, perceptual, kinetic, emotional, cognitive, or behavioral functioning. 

Furthermore, studies show that exposure to the environment can create an experience that alters 

the brain (Edelstein, 2016). 

 

Another new field is neuro urbanism, related to psychophysiological and neurological research 

on the relationship between urban stress, density, city landscapes, architectural forms, well-

being, and the human brain (Pykett et al., 2020). Therefore, brain-based landscape design 

focuses on how the physical environment affects neural processes of memory, mental state, 

learning, sensation, perception, emotions, behaviors, and decision-making longer-term effects 

of urban living are considered a risk factor for mental health in neuro urbanist planning (Adli 

et al., 2017). Neurourbanism and neuroarchitecture are interdisciplinary practices that 
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collaborate neuroscience, architecture, planning, public health, architecture, and other design 

fields (Al-Barrak, Kanjo & Younis, 2017). 

 

2.5.2. Neurological methods for understanding architecture 

 

Scientists consider the human brain one of the most sophisticated living organisms ever 

discovered. In recent years, technological developments in neurology have provided new 

methods for easy-to-use data collection to influence different architectural styles on humans' 

perception, behavior, emotion, and cognition (Edelstein, 2016). Developed neuroimaging 

methods are divided into two categories which are structural and functional methods. Structural 

imaging refers to specialized systems for the visualization and analysis of anatomical properties 

of the brain. 

 

On the other hand, functional imaging distinguishes brain areas and underlying brain processes 

involved in performing a specific cognitive or behavioral task (Hirsch, Bauer & Merabet,  

2015). Table 3. shows a brief explanation of functional imaging measurements. The most 

preferred neuroimaging methods in neuroarchitecture include EEG (measuring the electrical 

activity of the brain), Positron Emission Tomography (PET) (to use magnetic fields and radio 

waves), Functional Magnetic Resonance Imaging (fMRI) (detecting an increase in blood 

oxygen in brain areas), Magnetoencephalography (MEG) (measuring the magnetic field 

produced by electrical activity). Each neuroimaging technique collects different outputs to 

identify neural networks, illustrating the merits and demerits of cost, safety, and the temporal 

and spatial resolution of using each method (Keshavarz, Campos & Berti, 2015). Only a few 

studies preferred to use multiple neurological measurements. For instance, Shemesh et al.'s 

(2015) study has three scientific devices, including wireless EEG, wireless Eye tracker, and 
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Emotional Engagement Measurement (EEM) systems, to investigate differences in the 

perception of spatial spaces between professional groups versus non-professionals. According 

to findings, the professional group was more interested in curvy rooms and felt familiar with 

the area. However, significantly, the field of interior design researchers used 77.8 % of the EEG 

and only % of the 22.3 fMRI, probably because of the movement and budget limitation of fMRI. 

 

Table 3. A brief explanation of functional imaging measurements 

Name Description Purpose 

EEG -Measuring the electrical activity 

of the brain 

-Measuring event-related activities 

-Focusing on band frequency and 

ERP 

-To show changes in brain activities 

-Recording brain wave patterns with peaks 

and drops over a period of time 

PET -Uses magnetic fields and radio 

waves 

-Measuring density and location of 

brain 

-To provide detailed pictures of brain 

structure 

FMRI -Detecting an increase in blood 

oxygen in brain areas 

-To examine the anatomy of the brain 

structure 

MEG -Measuring the magnetic field 

produced by  

electrical activity 

-Mapping brain activity by 

measuring the magnetic field 

-The shielded room is necessary 

-Determining the function 

of various brain areas and 

neurofeedback 

 

EEG is a non-invasive method of determining the electrical activity generated by brain regions 

on the surface of the cortex (Teplan, 2012). The EEG method utilizes to measure spontaneous 

& event-related activities in the brain. It focuses on band frequency to show changes in brain 

activities by recording brain wave patterns with peaks and drops over time (Rad, 2021). For 

instance, Nguyen and Zeng's (2014) study examines mental stress by measuring EEG signals 

when performing design tasks. The study results show that when one has the highest stress level 

causes the lowest cognitive function that affects using the potential of creativity. Moreover, 

new portable EEG devices provide innovative experiment designs combined with Virtual 

Reality (VR). Another study's methodology combines VR, EEG, and Event-Related Potential 
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(ERP) to present objective neurophysiological results about the difference between the effects 

of sustainable and conventional buildings on human cognitive abilities (Hu, Simon, Fix, Vivino 

& Bernat, 2021). 

 

The method of fMRI is an alternative neuroimaging method that shows hemodynamic changes 

in the brain according to increased blood flow (Logothetis, Pauls, Augath, Trinath, & 

Oeltermann, 2001). The growth of fMRI has allowed research in various fields of science 

(Papale et al., 2016). For this reason, the study creatively redefines the boundaries of 

environmental research and uses technology to understand human and nature relations for 

increasing connection. For example, using fMRI, Pati et al. (2016) studied the effects of the 

curve and sharp contours on amygdala activation and behavioral response habits in interior 

health care settings. Another experiment using the fMRI established the role of the amygdala 

and hippocampus in processing fear (Zelikowsky, Hersman, Chawla, Barnes, & Fanselow, 

2014), sadness (Phan, Wager, Taylor, & Liberzon, 2002), and task difficulty (Churchill et al., 

2016). The neuroarchitectural researchers focus on environmental qualities that support 

psychophysiological conditions, including cognitive functions (Gegenfurtner, Kok, Van Geel, 

De Bruin & Sorger, 2017), emotion states, sensation, and perception (Edelstein,2016) more 

than programmed space (residential or non-residential). 

2.5.3. The benefits and potential of neuroarchitecture 

 

Interdisciplinary research means achieving an integrative and interactive approach to analysis, 

synthesis, and harmonizing diverse disciplines to a new level of knowledge and perspectives 

about research (Choi & Pak, 2007). Besides environmental psychology, human factors, and 

ergonomics, neuroarchitecture includes research related to the function of the brain and mind 
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with neurological, sociological, psychological, and physical responses (Edelstein, 2006). A 

combination of architecture and neuroscience disciplines can explain what might be 'better' or 

'worse' in terms of design for humans due to key lessons in biology, cognitive science, and 

psychology (Hollander & Foster, 2016). In this context, neuroarchitectural principles provide a 

broader understanding of the diversity of human and environmental relations to contribute to 

urban design and interior design, facade design, natural scene, energy and building, and formal 

and spatial organization (Rad, 2021). 

 

The literature has not had enough studies that provide objective evidence proving the effects of 

built environments with real environment stimulation. However, neuroarchitectural 

experiments can be conducted on different stimuli such as laboratories, using images, VR, real 

environment experience, and walking through paths.  The innovative methodologies of 

neuroarchitecture can alter lab-oriented experiments to realistic and multi-dimensional 

environments to understand human and environment relationships with objective data 

collection (Rad,2021). This understanding of the relationship between the environment and 

human activities has a safeguarding and promoting role in health and may affect the design 

solutions of architects, urban planners, and interior designers.  

Recent studies show that the quality of built environments has a direct and measurable effect 

on health and well-being from micro to macro levels, such as individuals, societies, economies, 

and ecologies (Edelstein, 2016). Furthermore, the causes of changes in the human brain and 

mind experience of architectural settings link cognitive neuroscience to architecture (De Paiva 

and Jedon, 2019). In addition, design features reflect the principles of evolutionary psychology 

that influence and produce predictable brain wave responses. 
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Moreover, Norwood et al.'s (2019) systematic review of neuroarchitecture research results 

indicated that the field's methodology and thematic base have expanded for explaining different 

types of environments on brain activities and emotional responses. Finally, Ghamari et al. 's 

(2012) systematic review summarize the most current brain imaging techniques and 

methodologies according to interior design, urban design, and building design. The results 

indicate that in recent years, fMRI and EEG have been used more than other techniques, mainly 

in neuroarchitectural research involving human emotion, feeling, and perception (Ghamari,  

Golshany, Rad & Behzadi, 2021). Among the neuroarchitecture experiments, the most 

neuroimaging technique is the EEG because of the high temporal resolution of 

electrophysiological signals with an efficient recording program (Rad, 2021). On the other 

hand, measuring brain activity is an objective method of identifying the neurological impact of 

a relationship with the environment (Keshavarz et al., 2015). For this reason, the field of 

neuroarchitecture has an essential role to fill the gap by exploring neurophysiological reactions 

to environmental experiences (Banaei, Hatami, Yazdanfar & Gramann, 2017).  

 

2.5.4. Studies about neuro-architecture and nature 

 

The knowledge of humans and nature has been examined over the years, but new technologies 

provide better and more neurological scientific results. For this reason, neuroarchitecture, being 

an interdisciplinary field, contribute to designers' and architects' understanding of the 

complicated association between the brain and environment (Homolja, Maghool & Schnabel, 

2020). The multi-faceted characteristics of neuroarchitecture may diversify to acknowledge 

with collaboration a significant amount of other fields (Ghamari et al., 2021). 
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The literature has an enormous number of studies comparing urban and rural environments 

which show the negative effects of urban environments on human health (Peen et al., 2010; 

Menardo, Brondino, Hall, Pasini, 2021). Lately, Roe et al. (2013) study used the portable EEG 

device (Emotiv EPOC) to compare the effects of the urban and natural environments on mental 

health. The results show that living in high greenery areas is associated with lower stress levels. 

Another research compared the restorative value of four types of natural landscapes (urban, 

mountain, forest, and water) and analyzed the relationship between the different environments 

and brain region activity by using fMRI. The results show that the water and mountain 

environments have higher restoration than forest and urban (Tang et al., 2017). Moreover, 

Zhang et al. (2019) study used the fMRI method while showing photographs of natural 

landscapes and landscape gardens and performed scene-type judgment tasks. The appreciation 

of landscaped gardens and natural landscapes is based on the same neural pathways. However, 

the contrast between landscape gardens and natural landscapes was characterized by stronger 

activations in the occipital lobe and the left Superior Parietal Lobule (SPL) related to attention 

and visuospatial perception. A wider perspective is that not only the protection of natural 

landscapes but also the understanding of designing efficient and effective landscape gardens 

are critical for city dwellers' health. 

 

On the other hand, most of the population lives in urban settings. There are different types of 

environments within the urban setting that have different effects on human health. For example, 

Aspinall et al. (2013) used a mobile EEG device (Emotiv EPOC) to record and analyze the 

emotional experience when participants conducted a 25-minute walk through three areas (urban 

shopping street, green space, and busy commercial district) of Edinburgh, Scotland. The study 

results show a multi-dimensional relationship between green space and emotional change. For 

example, when participants walk into a green space from a high-density area, they experience 
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positive emotions like less frustration, increased engagement, increased interest (arousal), and 

calmness. Likewise, Al-barrak et al.'s (2017) experiment has portable EEG (NeuroSky) with 

real-time environmental monitoring sensors to collect environmental variables like the noise of 

spaces and air quality. While data is being collected, the participants walked through different 

places (the cafe, the supermarket, and the garden). The results demonstrated that the highest 

meditation level and lowest brain fatigue are seen in the garden with higher alpha activity. In 

addition, a higher beta activity related to mental activities was observed in supermarkets. 

Besides comparing different types of environments, examining the environmental quality, like 

having the green feature, provides better results towards an understanding of the health benefits 

of natural environments. For example, greenery in shopping areas has stress-reducing and 

restorative effects along with health benefits were proven by analyzing the data coming from a 

mobile EEG device (Emotiv EPOC) (Rosenbaum, Ramírez & Matos, 2019). 
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CHAPTER 3  

 

 

METHODOLOGY 

 

 

 

3.1. Research Questions and Hypotheses       

 

This study analyzes the neurological and emotional effects of walking in natural landscapes and 

landscaped gardens with water features. The study answers the following research questions: 

RQ1: Are there any significant neurological differences between natural landscapes and 

landscaped gardens in terms of brainwaves (beta and alpha frequency in the frontal lobe)? 

RQ2: Are there any significant emotional differences in the restorative effect of walking in 

natural landscapes and landscaped gardens? 

RQ3: Are there any significant psychophysiological differences in the restorative effect of 

walking in natural landscapes and landscaped gardens in terms of stress and relaxation level? 

This experiment has the following hypothesis: 

H1: The high Beta brainwave frequency in the frontal lobe, which is related to the high-stress 

level, slows down from Alpha frequency after walking near the water feature in both natural 

landscapes and landscaped gardens. 

H2: Walking near the water features in landscaped gardens has a more significant restorative 

effect on the emotional state than in natural landscapes. 



 
 

25 
 

H3: Walking in landscaped gardens significantly differs in stress-relaxation levels from 

walking in natural landscapes. 

 

3.2. Participants   

 

This experiment has 54 participants (25 female, 29 male). The age range of the participants was 

between 18 and 30 years old (Mean: 23,93 SD: 2,487). The participants were randomly divided 

into two groups (each group had 27 participants) which can be seen in Figure 3. The experiment 

had a snowball sampling method for reaching more participants. Furthermore, the main criteria 

for the participants were not having any diagnosed with any mental, neurological, or 

psychological disorders. Additionally, the participant should not consume food for 2 hours and 

caffeine for 3 hours before the experiment to minimize autonomic regulation. The experiment 

was approved by the Ethics Committee of Bilkent University (NO: 2022_01_18_02). To 

eliminate of participant's stress about the experiment, the researcher started the experiment with 

a brief explanation of the experiment and the Emotiv Insight device. Then, the participants 

signed a consent form that includes a brief of the experiment and the precautions to avoid any 

risks. In the beginning, the total participant number was 78 but 24 of them were excluded due 

to the low contact quality (under 64 %) problem.  

                   

Figure 3. The experiment sampling 
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3.2. Settings of the Experiment  

In the study, there were two types of settings categorized as the natural landscape and 

landscaped garden. The closeness of their locations can be seen in Figure 4. The experiment 

was conducted in the Middle East Technical University (METU) forest area near Eymir Lake, 

referred to as the natural landscape setting with natural water features and natural paths and 

trees. The Park Oran residential area is referred to as the landscaped garden with 12 high-rise 

Residences (32 floors) and five low-rise Residences (6 floors) with artificial water features 

various types of plants and trees. Figure 4. shows the walking paths in both settings. 

 

 

Figure 4. The Google Maps View of Settings 

 

Li and colleagues (2020) experiment artificially controlled the physical environment by 

creating a semi-circular dome-shaped cabin with a radius of 2.4 m to equate the level of 

temperature, humidity, and carbon dioxide (Li, Jin, Lu, Wu & Wang, 2020). However, real-

environment experiments have limited environmental control. According to Johansson (2011), 

the environment experience is affected by traffic and other people's noise. However, in the real 

environment experiments create stimulation of that areas without perfect silence and private 

area. Bratman (2015), physical environments may be investigated under five categories which 
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are geographic, infrastructure, biological differences, audio, and climate. In terms of categories, 

this study examines these in 3 types which are equal, variables, and characteristics of the setting. 

Table 4. shows the categorization of both settings according to similarities and differences. 

Type daylight with the level of sunshine and circadian rhythms (Beute & de Kort, 2014) 

influences psychological restoration. For this fact, the schedule of the experiment was arranged 

at the same time of the day. During the period for data collection, the weather conditions 

differences according to the average temperature between -3 and +7 degrees Celsius may not 

be significant (Johansson et al., 2011). Furthermore, the experiment’s timeline eliminated the 

climate differences by being conducted in the same season (Felsten, 2009) and in 

geographically (Keniger et al., 2013) close locations. On the other side, both geographic and 

infrastructure characteristics do not need to control to obtain variability of settings. For instance, 

road network and building density are higher in landscaped garden settings than in natural 

landscaped ones. On the other side, biological differences like the level of diversity of plants 

are higher in the landscaped garden.  

 

Table 4. The experiment setting comparison 

  Natural Landscape Landscaped Garden 

Geographic Topography Variable 

Proximity to Water Equal 

Build  

Infrastructure 

Road Network Lower Higher 

Building Density Variable 

Biological Diversity Variable 

Audio Degree of Traffic/ Human Noise Lower Higher 

Degree in Natural Sound Higher Lower 

Climate Thermal Comfort Equal 

Weather Equal 

Season Equal 

Time of Day Equal 
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3.3. Instruments 

 

The study had two types of instruments; the questionnaires and the mobile EEG instrument. 

The conducted questionnaires are as follows: Profile of Mood State (POMS) (McNair, Lorr & 

Droppleman, 1971), The Connectedness to Nature Scale (CNS) (Mayer & Frantz, 2004), and 

Self-reported Experience. In addition to questionnaires, the experiment had a neuroimaging 

measurement instrument called Emotiv Insight as a mobile EGG. Before walking, the procedure 

started with filling out both POMS and CNS surveys, then collecting EEG data via Emotiv 

Insight. After walking, the procedure continued with collecting EEG data to obtain in 

neurological effects of walking in nature. Finally, the participant filled out both POMS and 

Self-report experience. 

 

3.3.1. Profile of Mood States Questionnaire (POMS)  

 

The general mood and psychological well-being can alter a temporary negative and positive 

state of mind or feeling. For example, the perceived environment (Berto, 2014), behavior 

patterns, and physical health (Cohen & Rodriguez, 1995) can impact mood positively or 

negatively (Berger & Motl, 2000). The original version of the POMS was created in 1971 by 

McNair, Lorr, and Droppleman (1971) and consisted of 65 items; an abbreviated 30-item 

version of the POMS has been developed more recently (McNair et al., 1971). The POMS was 

designed to evaluate affective traits, emotion, and mood with related descriptive 

words/statements to determine participants' feelings using a 5-point Likert scale (0 for 'not at 

all and 4 for 'extremely'). The main mood categorization includes Tension (T), Anxiety (A), 

Fatigue (F), Vigor (V), Confusion (C), and Depression (D) are the five dimensions of the scale 

(Appendix C). Total mood disturbance (TMD) was calculated by subtracting the vigor score 
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from the sum of all the other mood scale scores. The TMD is a clinically relevant and highly 

reliable measure of overall mood and mood problems, with higher scores indicating more 

significant mood disturbance. A higher TMD score indicates a higher negative mood (Barton 

et al., 2009); 

TMD = T + A + F + C + D − V   

 

POMS questionnaire is preferred to evaluate mood changes in various settings, especially the 

relationship between mood and exercise (Baker, Denniston, Zabora, Polland & Dudley, 2002). 

In addition, the International Society of Sport Psychology (1991) explains that exercise is 

related to desirable changes in mood, and the POMS has been a widely used measurement of 

the relationship between mood and physical activity. In this study, the short version of POMS 

was used to collect data about the participants’s before and after walking moods (Gidlow et al. 

2016).  

 

 

 

 

3.3.2. The Connectedness to Nature Scale (CNS) 

 

The CNS is a reliable and valid scale to measure individuals' attribute levels of emotional 

connectedness with nature (Mayer & Frantz, 2004). The CNS has functional psychometric 

properties corresponding to related variables (e.g., the new environmental paradigm scale, 

environmentalist identity), unrelated to potential confounds (Mayer & Frantz, 2004). The CNS 

should predict ecological behavior better because it can measure the 'wellness' that individuals 

experience in their relationship with nature. The resulting scale consisted of 14 items designed 
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to measure how participants generally feel a part of the natural world. Participants responded 

on a 5-point Likert scale (1 for 'strongly disagree' and 5 for 'strongly agree', see Appendix B).  

 

3.3.3. Self-reported Experience   

 

The self-reported experience was composed of demographic questions and experience 

questions, which were categorized under the nature experience (questions 1-2-3-4), self-

reported stress level in the last month (question 5), and the experience of the experiment 

(questions 6-7-8-9). The first part has four questions about participants' connection with nature 

in their daily life routine. The responses to these questions are significant for analyzing the 

setting distributions and correlation with CNS. Stress has three measurement categories: 

neurophysiological, emotional changes, and self-report (Berto, 2014). Question 5 aims to 

analyze participants' stress range as a self-report with a 4-point Likert scale (1-Never, 2-

Sometimes, 3-Often, 4-Always) (Valdez et al., 2020). According to Evans (1987), stress means 

individually the biological, psychological, and social relation of person-environment 

transactions and differs from person to person. In the experiment, some components like 

weather, wearing the emotive device, and walking may affect participant stress levels. For this 

reason, the last four questions determine the presence of any discomforting conditions for the 

participants during the experiment (Appendix D).  

 

3.3.4. Emotiv Insight 

 

 Emotiv is a bioinformatics company advancing the understanding of the human brain using 

EEG. The company presents mobile and easy-to-use devices for collecting raw EEG data and 

performance metrics, one of the latest technological devices. The wireless connection and 20 
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hours of battery life features provide ease to conduct outdoor experiments. The general look 

and the use of the Emotiv Insight device can be seen in Figure 6.   

 
Figure 6. The Emotiv insight, (emotiv.com ) 

 

 

In the experiment; the Emotiv Insight device collected both Raw EEG data and performance 

metrics which included 6 emotion states: stress, relaxation, interest, focus, excitement, and 

engagement. The Emotiv Insight device has a five-channel (AF3, T7, Pz, T8, and AF4), semi-

dry polymer sensor that is easy to use and collects data from all cortical lobes of the brain. This 

thesis only analyzed the relaxation and stress performance metrics in AF3 and AF4 with alpha 

to high beta frequency. The frequency response is 0.5-45 Hz, which is categorized by Delta 

(0.5-4), Theta (4-8 Hz), Alpha (8-12 Hz), Low Beta (12-16 Hz), High Beta (16-25 Hz), Gamma 

(25-45 Hz). The nature of the brain is electrochemical (Dispenza, 2013). When nerve cells are 

activated, charged elements are exchanged, resulting in electromagnetic fields. The EEG is the 

most preferred measurement of the brain's various electrical activities. Furthermore, human 

brain development has a sequence of brain-wave alterations as children grow, the frequencies 

that predominate in their brains progress from Delta (0-2 age range) to Theta (2-5 age range) to 
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Alpha (5-8 age range) and then to Beta (above 8-12) (Dispenza, 2013). The gate between the 

conscious and subconscious minds closes typically after twelve. Table 5  shows the main 

classifications of frequency bands (cycles per second=hertz (Hz)). 

 

Table 5. Typology of brain frequencies 

Frequency Band Frequency State 

Delta (δ) 0.5–4 Hz 

 

The lowest levels of activity, deep sleep 

Theta (θ) 4–8 Hz 

 

The subconscious mind  

(half-awake and half-asleep) 

Alpha (α) 8–12 Hz 

 

The creative, imaginative state 

Beta (β) 12–35 Hz 

 

Conscious thought, external attention 

 

 

Beta waves are classified into low, mid, and high. As children grow older, they tend to move 

from low-range Beta waves to mid-and high-range Beta waves. Low-range Beta, ranging from 

13 to 15 hertz, is seen in states of relaxed, interested attention and paying a certain level of 

attention without being particularly vigilant. Mid-range Beta, ranging from 16 and 22 hertz, 

defines our conscious or rational thinking and alertness. High-range Beta has a pattern from 22 

to 50 hertz, represents over-stressful thinking like a high-arousal state, and negatively causes a 

decrease in effective learning, creativity, and problem-solving because of high levels of anxiety, 

worries, anger, pain, suffering, frustration, and fear (Dispenza, 2013). When the brain perceives 

less information from the environment, such as intentionally closing eyes and purposefully 

going inward, Beta frequency slows down to Alpha. Additionally, the main functions of the 

frontal lobe are concentration, observation, awareness, and consciousness. The more relaxed 

consideration automatically activates the frontal lobe which means alleviating synaptic firing 

in the neocortex (Dispenzia, 2013).  
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However, dramatic physiological changes can be seen in the heart, lungs, and sympathetic 

nervous system arousal, and psychological changes may be seen in behaviors, emotions, and 

perception. According to Dispenzia (2013), the high beta band represents a short-term survival 

mechanism (fight-or-flight response). However, most of the adult population has a high beta in 

the long term, which causes stress and imbalance in the mind and emotions. For this reason, a 

great number of people suffer from anxiety disorders, depression, obsessive-compulsive 

disorder (OCD), insomnia, and chronic fatigue syndromes.  

 

 

3.4. Procedure  

 

 

This study was designed as a systematic assembly of four subsequent phases. Phase I (definition 

of Landscaped Garden (LG) and Natural Landscape (NL) with water features), phase II 

(selection of LG and NL environments with walking paths and neurological measurement of 

EEG device), phase III (conducting the experiment), phase IV (analyzing the data from the 

experiment).  

The first phase included research on differences between LG and NL with regard to the effects 

of water features on humans and nature connection. In the research, intentional interaction 

(walking) was accepted as a connection. Before achieving interdisciplinary insight into 

neuroarchitecture, the researcher first investigated the psychophysiological effects of nature 

experience on humans. The term Neuro-architecture was explained with regard to its history, 

benefits, potential, methods, and experiments. The second phase had three main stages: 

selection of experiment settings, selection of a measurement device (Emotiv Insight for 

collecting EEG raw data), and selection of written surveys (POMS and CNS). The third phase 

of the study was composed of two stages: preparing a real environment setting for walking and 
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collecting data (EEG, POMS, and CNS). The final phase of the study was analyzing the data 

for final results. First, Emotiv Insight EEG data were analyzed with MATLAB+EEGLAB then 

results were calculated with SPSS. Figure 7. shows the procedure of this thesis. 

 

 

Figure 7. Procedure map of the study 

 

The experiment was conducted in April 2022. During the experiment periods, the average 

temperature was 26 Celsius. For temperature difference, all experiments started at 1 pm. and 

finished at 5 pm. The experiment procedure started with giving brief information about the 

general experiment procedure. After, participants were asked to start filling in the 

questionnaires of both POMS and CNS. While the researcher prepared the EmotivPRO program 

and Emotiv Insight Device. After the survey, the researcher helped the participants to wear the 

EEG device by adjusting the location of the sensors to achieve a better connection. During the 

adjustments, the connection quality was checked on the Emotiv Pro application (above 98% of 
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sensor connection quality) of the Emotiv Insight device. Then, collected EEG data for 1 minute. 

Afterward, each participant walked individually for approximately 20 minutes on a walking 

path near the lake. Both setting lakeside walking routes determined approximately 1.5 

kilometers, an average of 20 minutes of walking. The map view and walking view of settings 

can be seen in Figure 8. After finishing walking, the collection of EEG raw data was repeated, 

and later the participant took POMS and Self-reported Experience. The total duration of the 

experiment for each participant was approximately 40-45 minutes. Additionally, each time the 

Emotiv Insight device was disinfected by the researcher. 

 

 

Figure 8. The walking paths of the experiment 
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3.5. Data Analysis 

 

3.5.1. Emotive PRO 

 

EMOTIV Pro is a detailed software available to use for neuroscientific research and educational 

purposes. The toolkit allows the user to build & publish their experiments, by collecting high-

quality EEG Data. The program can give different types of output data: raw EEG, Motion data, 

Contact Quality, EEG Quality, or Performance metrics. The general program qualifications can 

be seen in Figure 8. Before collecting data, Emotiv Launcher provides a connection to the 

device (Emotiv Insight). The toolkit of Emotiv Pro records participants' data and then allows 

the user to view the real-time data streams that include raw EEG, performance metrics, and 

motion data. The storage of data streams allows the user to switch between data streams while 

allowing them to review the data in real-time. The recorded data can be stored locally or on the 

EMOTIV Cloud. Furthermore, to measure cognitive states and behaviors in real-time, 

EMOTIV's machine learning algorithm distills brain activity patterns and turns the data into 

psychological and mental performance indicators. 

 

Figure 8. Emotiv PRO program qualifications 
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3.5.2. Raw EEG Data Analysis 
 

Raw EEG data analyses were conducted using the EEGLAB v2022.0 running in Matlab R2021a 

(The Math-Works, Natick, MA, USA). The program has multiple options and layers for the 

practical needs of users. For instance, the function of the top layer provides users to analyze 

data through the graphic interface without needing to use MATLAB syntax. Furthermore, the 

middle-layer functions provide customizing data processing that increases the flexibility and 

adaptability to research (Delorme & Makeig, 2004). Analyzing Raw EEG data with EEGLAB 

has four main steps: import data, preprocess data, reject artifacts, and plot data can be seen in 

Figure 9. From the EEGLAB plugin layer, European Data Format (EDF) file was imported 

including EEG data with channels, an columns. After importing data, the program requires the 

user to fill in the channel list. The calculation of channels and columns gave the channel list 

number (5:9).  Then, for the ‘Edit → Channel locations’ function, the insightCED.ced. file 

(Heunis, 2016) was used.  

 

 

Figure 9. Procedure map of the EEG data analysis 

 

The second step of preprocessing data started with filtering data. The main aim of filtering 

continuous data is to reduce artifacts at epoch boundaries. In this research for analyzing alpha 

and beta band ranges, the lower edge of the frequency pass band was adjusted to 5 Hz and the 
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higher edge of the frequency pass band to 32 Hz. The following step of rejecting artifacts started 

with running an Independent Component Analysis (ICA) (Makeig & Jung, 2000). This blind 

automatic process filters the algorithms that include overlapping, strong, independent 

components such as eye-movement activity, single peaks in the scalp waveforms, and steady-

state responses (Pantev et al., 1993) regardless of their spatial distributions (Makeig & Jung, 

2000). For statistical analyses, the data was exported by Export File → ‘data and ICA activity 

to text files’ including table time, channels, and brain wave numerical changes. Each data was 

preprocessed individually by filtering the effects of noise and artifacts for the accurate 

transformation of numerical data. This numerical voltage recording includes a table of 

milliseconds and Hertz (Ms/Hz).  

 

The following step was Time-frequency analysis, simultaneous signal to process on frequency 

and time resolution with different frequencies (Gu & Bollen, 2000). In the literature, Time-

frequency analysis has many conceptually and mathematically different methods for analyzing 

frequency bands (Roach & Mathalon, 2008). In this study, data were analyzed with the Fast 

Fourier Transform (FFT) method, utilized for statistical data analysis of EEG signals. The 

advantage of FFT is suitable analysis with framed narrowband signal (Al-Fahoum & Al-Fraihat, 

2014).  

 

Figure 10. Adequate and Inadequate Signal Sampling by Cerna & Harvey (2000) 
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FFT framed signal contains three statistical features; Power Spectrum Density (PDS), Spectral 

Energy (SE), and Spectral Centroid (SC). Power Spectral Density (PSD) means spectral power 

per unit of frequency (power/frequency = W/Hz) that provides frequency content signals. The 

main function of the SC is obtaining the dominant spectral energy from the power spectrum 

(Murugappan, Murugappan, Balaganapathy & Gerard, 2014). In this analysis, the FFT wave 

band is framed with spectral features from alpha wave (8Hz – 13 Hz), low beta (13 - 20 Hz), 

and high beta (22-35 Hz). The collected EEG signals in Emotiv Pro were recorded as the 

sampling frequency was 64 Hz. According to Nyquist–Shannon sampling theorem (reproduce 

a pure sine wave measurement) the x-axis was determined to be half of the sampling frequency 

(32) (Khudiakov, 2008; Cerna & Harvey, 2000), can seen in Figure 10. After a one-sided FFT 

conversion, the x-axis represented the frequency and the y-axis represented the signal 

magnitude. 

 

Figure 11.The FFT analysis in Python 

 

Welch's periodogram approach was used to convert the signal to the frequency axis for spectral 

density estimation. Then, the numerical value (Absolute Power) of the blue parts is seen in 

Figure 11. was calculated using Simpson's rule, divided areas into several parabolas as micro-

Volts-squared per Hz (uV2 / Hz). The ranges of Hz were filtered for all cases separately and 

calculated as a single numerical value. After EEGLAB, all steps were completed in Python 3.0 

using the Pandas, Numpy, and Scipy library (source codes: signal.py). 
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3.5.3. Statistical Analyses 

 

The collected data were processed and analyzed using Statistical Package for Social Sciences 

(SPSS) software version 19 software, which stands for Statistical Package for Social Sciences. 

For statistical analysis, all quantitative data were listed using the SPSS software. Firstly, a 

descriptive analysis was conducted to examine the demographic characteristics of the 

participants. Furthermore, reliability analysis tests were completed to determine the consistency 

of the questionnaire items. Secondly, frequency analysis for mean and Standard deviation 

scores was calculated. In addition, crosstabulation analysis was examined for correlation 

between variables and results. Finally, Independent Samples t-tests were conducted to analyze 

both emotional and neurological effects of walking in NL and LG. 
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CHAPTER 4 

 

 

RESULTS 

 

 

4.1. Descriptive statistics   

 

The aim of descriptive statistics is a numerical and graphical description of data variables 

(Fisher & Marshall, 2009). This section provides a general summary of the emotional, 

neurological and, psychological differences between walking in NL and LG. Firstly, the 

demographic data of the participants were analyzed. According to the results, the experiment 

has 25 female and 29 male participants. Table 6. shows the gender distribution of the 

participants for both experiment settings. The average age of the participants was 23.29 years 

(SD= 2.487). Secondly, mean scores were calculated for Independent Samples t-tests to obtain 

the difference between before and after walking for both experiment settings. Finally, cross-

tabulation (correlation) analyses were conducted to find the relationship between the results.  

 

Table 6.  Distribution of gender  

  Natural Environment  

  Natural Landscape Landscaped Garden Total 

Gender Female 12 13 25 

 Male 15 14 29 

Total  27 27 54 
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4.2. CNS Results 

 

Before analyzing the neurological and emotional effects of walking in NL and LG, it was 

essential to identify participant connectedness with nature. Among the participants, the lowest 

score was 2.86, and the highest was 4.71. The calculated mean score of CNS is 3.7306 (SD: 

0.33213). According to the statistical analysis, 66% of the participants gave an average score 

of connection with nature (see Table 7). 

Table 7. Results of the mean scores for CNS 

  Natural Environment  

  Natural Landscape Landscaped Garden Total 

 

CNS 

to low 0 1 1 

low 6 2 8 

medium 17 19 38 

high 3 4 7 

to high 1 1 2 

Total  27 27 54 

 

 

4.3. Self-reported Experience Results 

4.3.1. Experience of Nature  

 

Besides CNS analysis, the self-reported nature experience is essential for identifying 

participants’ perceptions about the visual and physical relationship to nature. Overall, 79% of 

the participants reported that they have a greenery area close to where they spend most of the 

time (Q1). However, 64% of participants had a visual connection to that greenery area (Q2). 

Moreover, 61% of the participants had the habit of walking in that area (Q3) (see Table 8). On 

the other hand, regardless of the close location of the greenery area, the mean score of weekly 

spending time in nature (Q4) is 2.30 hours (SD: 0.903) (see Table 9). Only 12% of participants 

reported that over 6 hours a week spent their time in nature. 
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Table 8. Crosstab results of the experience of nature (Q1-2-3) 

  Natural Environment 

  Natural 

Landscape 

Landscaped 

Garden 

Total 

Q1: Is there a green area close to the 

building where you spend the most time 

during the day? 

Yes 19 24 43 

No 8 3 11 

Q2: If so, can you see that area from the 

window? 

Yes 14 21 35 

No 13 6 19 

Q3: Do you have a habit of walking in 

parks or natural green areas? 

Yes 16 17 33 

No 10 10 20 

 

Table 9. Crosstab results of the experience of nature (Q4) 

  Natural Environment  

  Natural Landscape Landscaped Garden Total 

Q4: How much time 

do you spend in 

nature per week?  

0-60 mins 6 3 9 

1-3 hours 11 16 27 

3-5 hours 6 5 11 

over 6 hours 4 3 7 

Total  27 27 54 

 

 

4.3.2. Self-reported Stress Level  

 

Besides the objective data of neurological changes, the self-reported stress level question 

examined the participants' stress level in their life at present for their perception. According to 

the 4-point Likert scale, the self-report mean score was 2,89 (SD: 0,789). 53% of the 

participants had answered sometimes. Additionally, the scales of 'Often' and 'Always' had the 

same results, 20% of the participants. Only 5% of the participants had no stress in that period 

of their life (see Table 10). 

Table 10. Crosstab results of the experience of nature (Q5) 

  Natural Environment  

  Natural 

Landscape 

Landscaped 

Garden 

Total 

Q5: Please mark your stress level in 

your life at present on the following 

scale. 

Never 0 3 3 

Often 5 6 11 

Sometimes 17 12 29 

Always 5 6 11 

Total  27 27 54 
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4.3.3. Experience of Experiment  

  

According to the results, non of the participant felt uncomfortable during the experiment (Q7). 

In cross tabulation distribution analyses, only 2 of the participants felt uncomfortable because 

of the weather condition during the experiment (Q8). Results regarding the self-reported feeling 

of the walking experience (Q9), 2 of the participants who walked in NL did not enjoy the 

walking experience. On the other side, the majority of participants (52) experienced a 

comfortable experiment experience (see Table 11). 

Table 11. Crosstab results of the experience of the experiment (Q6-7-8) 

  Natural Environment 

  Natural 

Landscape 

Landscaped 

Garden 

Total 

Q7: Did you feel comfortable during the 

experiment? 

Yes 27 27 54 

No - - - 

Q8: Did the weather disturb you during 

the experiment? 

Yes 27 25 52 

No - 2 2 

Q9: Did you enjoy the walk during the 

experiment? 

Yes 25 27 52 

No 2 0 2 

 

4.4. POMS 

Table 12. Results of the independent samples t-test for POMS 

Experiment Setting Category Time- 

Line 

M SD t df Sig. 

(2-tailed) 

LG Anxiety  

(A) 

 

Before  16,52 11,109 1,879 52 ,066 

After 11,04 10,316 

NL Before 15,07 9,466 1,540 52 ,130 

After 10,93 10,307 

LG Tension  

(T) 

 

Before 16,07 7,109 2,734 52 ,009 

After 10,85 6,927 

NL Before 14,30 6,420 2,504 52 ,015 

After 9,81 6,726 

LG Vigor  

(V) 

 

Before 19,37 4,508 1,254 52 ,215 

After 17,63 5,631 

NL Before 19,85 5,763 ,151 52 ,881 

After 19,59 6,818 

LG Fatigue  

(F) 

 

Before 11,93 6,183 2,682 52 ,010 

After 7,56 5,787 

NL Before 11,63 5,160 1,589 52 ,118 

After 9,00 6,878 
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LG Confusion (C) Before 11,70 5,305 1,858 52 ,069 

After 9,11 4,941 

NL Before 12,63 5,583 2,216 52 ,031 

After 9,41 5,093 

LG Depression  

(D) 

Before 14,78 12,876 1,328 52 ,190 

After 10,26 12,110 

NL Before 12,89 8,907 1,428 52 ,159 

After 9,41 9,010 

LG TMD Before 51,67 37,009 2,000 52 ,051 

After 31,63 36,603 

NL Before 47,63 28,110 2,075 52 ,043 

After 30,44 32,582 

The sub-scales results show that 'Tension' has a higher statistical difference between 

environments.  In NL, before walking mean score was 14.30, and after walking mean score 

NL: 9.81 (p: 0.015). On the other side, in LG, before walking mean score was 16.07, and after 

walking mean score NL: 10,85 (p: 0.009). The POMS overall score TMD and six sub-scales 

were calculated with separation of before and after walking.  An independent sample t-test 

was conducted to find the statistical relationship between them. The calculation of TMD and 

every six sub-scales can be seen in Table 12. TMD mean score in LG was before walking 

51.67 (SD:37.009) and after walking 31.63 (SD: 36.603, p: 0.051). On the other side, NL 

before walking was 47.63 (SD:63) and after walking 30.44 (p: 0.043). 

Table13. Comparison of Differences Sub-scales of POMS 

Sub-scales of 

POMS 

Subscale Differences Factors Difference 

Anxiety 

(A) 

6,62 1,37 

Tension 

(T) 

9,71 0,73 

Vigor 

(V) 

1,43 0,91 

Fatigue 

(F) 

7 1,74 

Confusion  

(C) 

5,81 0,63 

Depression 

(D) 

8 1,04 
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Table 13. shows the comparison of both before-after sub-scale scores difference and experiment 

settings. Before and after mean scores of subscales' maximum difference can be seen in order 

of ‘Tension’ (9.71), ‘Anxiety’ (9.62), and ‘Depression’ (8). On the other side, the least 

difference was seen in ‘Vigor’ (1.43). The comparison of setting analysis demonstrated that in 

LG the lowest scores can be seen in  ‘Fatigue’ (1.74) and ‘Anxiety’ (1.34). However, the sub-

subscale of ‘Confusion’ (0,63) had the lowest score of difference. According to the results, the 

p-value of 'Tension' (p: 0.09) is above 5 % of significance. There are no significant results and 

the null hypothesis is confirmed. 

4.5. Performance Metrics Results 

Table 14. Results of the independent samples t-test for performance metrics 

Factors Conditions M SD T Df Sig. 

Natural 

Landscape 

Stress 

Before 9,22 5,515  

1,519 

 

48,888 

 

,135 
After 7,19 4,261 

Landscaped 

Garden 

Stress 

Before 12,5 7,523  

2,594 

 

38,816 

 

,012 
After 7,9 3,862 

Natural 

Landscape 

Relaxation 

Before 11,93 6,810  

,735 

 

 

37,873 

 

 

,465 
After 10,85 3,348 

Landscaped 

Garden 

Relaxation 

Before 16,70 9,840  

2,838 

 

 

33,902 

 

,006 
After 10,93 3,882 

In order to compare the participants' relaxation and stress, performance metrics levels exported 

Emotiv Pro with separation of minimum and maximum values. The categorization of min and 

max values was essential to obtain the difference between both before-after walking and 

settings. The independent samples t-test results showed that there was no significant difference 

between groups in terms of all subscales (see Table 14). The mean results were calculated for 

each participant individually using SPSS. The mean score range calculation showed that stress 

mean scores before walking was NL: 9.22  LG: 12.5 and relaxation mean scores before walking  

NL: 11.93  LG: 16.70. However, after walking stress mean scores were NL: 7.19 (p: 0.135) and 

LG: 7.9 (p: 0.012) and after walking relaxation mean scores were NL: 10.85 (p: 0.465) and LG: 
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10.93 (p: 0.006). According to the results, the main difference calculated in LG relaxation (p: 

0.006) is above 1 % of significance. There are no significant results and the null hypothesis is 

confirmed. 

Table 15. Results of the independent samples t-test for performance metrics range 

Factors Conditions M SD T Df Sig. 

Natural 

Landscape 

Stress 

Min. Value 

Before 28,52 4,089  

,506 

 

51,966 

 

,615 

After 27,96 3,985 

Landscaped 

Garden 

Stress 

Min. Value 

Before 27,48 8,192  

,106 

 

37,368 

 

,916 

After 27,30 3,930 

Natural 

Landscape 

Stress 

Max. Value 

Before 37,30 7,119  

1,223 

 

48,711 

 

,227 

After 35,19 5,456 

Landscaped 

Garden 

Stress 

Max. Value 

Before 39,81 11,796  

1,875 

 

41,812 

 

,068 

After 34,89 6,869 

Natural 

Landscape 

Relaxation 

Min. Value 

Before 23,37 7,365  

,232 

 

47,762 

 

,818 

After 22,96 5,417 

Landscaped 

Garden 

Relaxation 

Min. Value 

Before 25,00 6,691  

-,120 

 

51,960 

 

,905 

After 25,22 6,880 

Natural 

Landscape 

Relaxation 

Max. Value 

Before 35,44 11,683  

,510 

 

39,336 

 

,613 

After 34,15 6,138 

Landscaped 

Garden 

Relaxation 

Max. Value 

Before 41,63 12,668  

2,150 

 

44,236 

 

0,370 

After 35,41 8,106 
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4.6. EEG Data Frequency Comparison Results  

Table 16. The independent samples t-test for AF3-AF4 frequency band 

Factors Channels Frequency 

Band 

Conditions M SD t Df Sig. 

(2-tailed) 

 

 

 

 

 

Natural 

Landscape 

 

 

 

AF3 

Alpha (α) Before 5.101 2.285 -0.406 52 0.686 

After 5.433 3.358 

Low Beta 

(β) 

Before 5.561 3.903 -1.475 52 0.146 

After 7.902 7.263 

High Beta 

(β) 

Before 0.237 0.106 -0.158 52 0.874 

After 0.232 0.116 

 

 

AF4 

Alpha (α) Before 8.028 3.800 -0.723 52 0.472 

After 8.847 4.487 

Low Beta 

(β) 

Before 6.238 3.470 -1.695 52 0.095 

After 9.116 8.105 

High Beta 

(β) 

Before 0.246 0.146 0.0007 52 0.999 

After 0.245 0.130 

 

 

 

 

 

Landscaped 

Garden 

 

 

 

AF3 

Alpha (α) Before 15.161 42.2 -0.059 52 0.952 

After 15.757 30.4 

Low Beta 

(β) 

Before 24.959 78.178 0.241 52 0.809 

After 21.155 23.969 

High Beta 

(β) 

Before 0.425 0.285 -0.985 52 0.329 

After 0.050 0.283 

 

 

AF4 

Alpha (α) Before 18.45 40.949 0.048 52 0.967 

After 18.01 30.055 

Low Beta 

(β) 

Before 25.955 81.109 0.327 52 0.327 

After 20.617 24.492 

High Beta 

(β) 

Before 0.431 0.531 0.197 52 0.844 

After 0.408 0.284 

 

According to FFT analysis, the numbers indicate that the wider area means higher numbers. 

This study predicted that alpha and low beta scores will be increased after walking. 

Furthermore, the high beta frequency will be decreased. In general, the independent samples t-

test results of FTT found no significant result related to the hypothesis (H1). According to the 

mean results, the high beta frequency was decreased in both settings. Before and after walking 

mean values of increasing alpha frequency were most seen in the channel of Pz in NL. 

Moreover, in NL, the channel of T8 had the most increased low beta frequency. 
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Table 16. Continued. The independent samples t-test for Pz-T7-T8 frequency band 

Factors Channels Frequency 

Band 

Conditions M SD t df Sig. 

(2-

tailed) 

 

 

 

 

 

 

 

 

Natural 

Landscape 

 

 

 

Pz 

Alpha 

(α) 

Before 9.536 3.987 -1.286 52 0.203 

After 11.358 6.186 

Low Beta 

(β) 

Before 11.538 7.081 -1.598 52 0.115 

After 16.416 14.183 

High Beta 

(β) 

Before 0.353 0.209 -0.911 52 0.366 

After 0.415 0.280 

 

 

T7 

Alpha 

(α) 

Before 4.805 2.610 -0.444 52 0.658 

After 5.168 3.344 

Low Beta 

(β) 

Before 5.258 3.828 -1.481 52 0.144 

After 7.653 7.475 

High Beta 

(β) 

Before 0.135 0.071 -0.775 52 0.441 

After 0.152 0.095 

 

 

T8 

Alpha 

(α) 

Before 12.250 11.150 -1.396 52 0.168 

After 18.469 20.279 

Low Beta 

(β) 

Before 18.213 26.123 -1.665 52 0.101 

After 47.255 86.785 

High Beta 

(β) 

Before 0.307 0.281 -1.735 52 0.088 

After 0.691 1.116 

 

 

 

 

 

 

 

 

 

Landscaped 

Garden 

 

 

 

Pz 

Alpha 

(α) 

Before 23.312 49.405 0.066 52 0.947 

After 22.563 31.180 

Low Beta 

(β) 

Before 34.621 83.645 0.288 52 0.699 

After 28.069 26.259 

High Beta 

(β) 

Before 0.930 1.054 0.159 52 0.874 

After 0.888 0.912 

 

 

T7 

Alpha 

(α) 

Before 15.519 42.494 -0.434 52 0.665 

After 20.208 36.442 

Low Beta 

(β) 

Before 25.563 80.517 -0.255 52 0.799 

After 30.157 47.499 

High Beta 

(β) 

Before 0.275 0.280 -1.157 52 0.252 

After 0.602 1.442 

 

 

 

T8 

Alpha 

(α) 

Before 15.780 69.807 0.140 52 0.888 

After 13.482 48.704 

Low Beta 

(β) 

Before 28.601 12.421 0.455 52 0.650 

After 17.228 36.988 

High Beta 

(β) 

Before 1.773 4.100 -0.199 52 0.842 

After 1.979 3.442 

 

 

 

 



 
 

50 
 

4.7. Discussion 

 

This chapter discusses the findings of this study and its relations with the existing literature 

review. The main aim of this study was to understand the difference in the neurological, 

psychological, and psychophysiological influence of walking near water features in the natural 

landscape and landscaped garden environments. Determining the effects of such environments 

is crucial to design better surroundings for psychological well-being. 

  

According to, SRT and ART research on nature may create light meditative states in daily life. 

In addition to these theories, this study asked the ‘RQ1: Are there any significant neurological 

differences between natural landscapes and landscaped gardens in terms of brainwaves from 

beta to alpha frequency in the frontal lobe?’. The findings demonstrated that the high beta 

frequency was decreased in both settings. Therefore, the lowest high beta score is seen in the 

LG more than in the NL. On the other side, both setting had increased low beta frequency but 

the NL had more than the LG. According to alpha frequency analysis, in LG the channel AF3 

increased but the channel AF4 decreased. Therefore, in the NL both channels increased. Besides 

the before-after comparison of each channel, the results of alpha and low beta frequency areas 

in the LG are approximately two times more than NL. "H1: The high Beta brainwave frequency 

in the frontal lobe, which is related to the high-stress level, slows down from Alpha frequency 

after walking near the water feature in both natural landscapes and landscaped gardens" is not 

significantly supported. 

  

The comparison of differences among sub-scales of POMS results showed that all sub-scales 

for both settings positively changed after walking. Particularly, the sub-scales of ‘Anxiety’ and 

‘Tension’ had more positive changes than others. For TMD score analysis, before walking, 
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scores were higher in the LG. However, both set has the potential to decrease TMD score. 

However, data analysis of results did not significantly support the "H2: Walking near the water 

features in landscaped gardens has a more significant restorative effect on the emotional state 

than in natural landscapes" 

 

Data analysis of before-after performance metrics showed decreased stress and increased 

relaxation levels in both NL and LG. Therefore, a comparison of settings had significant 

changes between them. An earlier study indicated that densely wooded areas increased fear and 

stress levels (Gatersleben & Andrews, 2013). These findings can be supported by the previous 

ART and SRT research. The LG environment has a higher prospect and lowers refuge effects 

more than NL.  In this study, the participants in NL experienced high levels of refuge and low 

levels of prospects, the main characteristics of woodland environments. On the other side, the 

LG setting has a greater prospect. For this reason, the participants in LG were more relaxed and 

had lower stress levels than those in NL. In performance metrics analysis, maximum and 

minimum scores showed that minimum scores were not significantly changed in both settings. 

Nevertheless, LG maximum scores changed to greater than NL. Especially, the LG maximum 

scores of relaxation dramatically decreased. For these findings, the restorative potential of the 

NL relaxation effect is less than LG. To conclude, these findings not significantly supported 

the “H3: Walking in landscaped gardens significantly differs in stress-relaxation levels from 

walking in natural landscapes”. 

  

A previous study demonstrated a significant correlation between higher CNS scores and well-

being (Mayer & Frantz, 2004). In this study, the CNS findings indicated that most of the 

participants had a medium connection to nature. Furthermore, Self-reported experience of 

nature results showed that most of the participants had a visual and physical connection to 
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greenery areas. In addition, only 27 of 54 participants spend 1-3 hours a week in natural 

environments. However, approximately half of them had the habit of walking in there. There 

might be some correlation between interaction types that can increase or decrease CNS results. 

  

According to the self-reported experience of nature, 43 of 57 participants reported that there are 

green areas close to the building where they spend the most time during the day. However,  only 

19 of them have a visual connection to those areas. Besides the close location of greenery areas, 

having a visual relationship with those areas is essential for both ART and SRT theories. Only 

visual connection with nature in daily life might great potential to decrease the level of stress. 

LG participants reported more visual relation in their daily routine than NL participants. 

Therefore, a better relaxation level in LG might be related to a visual connection with nature 

during the day. Additionally, physical relations as walking (Q4) reported more than half of the 

participants had the habit of walking in both parks and natural areas. However, spending time 

in nature per week (Q4) reports indicated that the most given answer was 1-3 hours means a 

low connection with nature. Even if the habit of walking in nature, the interaction duration in 

nature in daily life is more beneficial for psychological and neurological health. 
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CHAPTER 5 

 

 

CONCLUSION 

 

This study systematically analyzed the physiological, psychophysiological, and neurological 

impacts of walking in the natural landscape and landscaped garden environments. The 

experiment had physiological (POMS), psychophysiological (Performance Metrics), and 

neurological (EEG) measurements. According to interdisciplinary insight, using the latest 

technology to understand the connection between nature and humans, the oldest basic need, 

might have an essential role in preventing dissociation. 

 

The earliest research, on the positive psychological effects of water features, was found by 

Herzog in 1985. Recent developments showed that environments with natural or artificial water 

related to higher preferences, and higher perceptions which increases the positive neurological 

effects of restorativeness than those without water environments (White et al., 2010). 

Furthermore, the more recent psychophysiological study of analyzing brain regions with fMRI 

during viewing photos of the different natural environments found that water and mountain 

environments have significantly more restorative than urban and woodland environments (Tang 

et al., 2017). However, the literature has not done enough systematic empirical research on the 

neurological effects of natural and artificial water elements. This research aims to provide the 

differences between natural and artificial water features. 
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The studies about the short-term effects of walking in natural environments indicate that 15 

minutes of walking increases CNS scores (Mayer, Frantz, Bruehlman-Senecal & Dolliver, 

2009) and 25 minutes increases the level of restoration (Cotie et al., 2018). Through data 

analysis, this study supported that 25 minutes. walking in natural environments positively 

influences psychological and neurological well-being. However, besides the short-term effects 

of walking in nature, longitudinal research should provide a progression of changes. For 

instance, the "30 minutes a day in nature for 30 days" experiment found significant increases in 

mood, well-being, and mindfulness (Hamann & Ivtzan, 2016). For this reason, future studies 

should design experiments with longer durations to examine neurological changes. This 

research clearly illustrates the difference between types of natural environments on human 

health but also raises the question: Are there any neurological differences among interaction 

types and durations with nature? Interdisciplinary studies like architecture, city, and regional 

planning with neurology have great potential to promote the relation of humans with the natural 

environments, macro to micro scales. In addition to academic studies, initial policy implications 

about increasing connection with nature to design high-quality landscaped gardens might 

improve a population’s health and well-being (Van den Berg, Maas, Verheij & Groenewegen, 

2010). A previous study demonstrated that not every natural environment has restorative effects 

(Gatersleben & Andrews, 2013). For this reason, high-quality landscaped gardens need to be 

redefined in terms of accessibility, variety of features (waters, plants), and architectural 

elements (prospect, refuge). 

 

In the literature, many studies examined the positive effects of nature on human health. 

However, no study examined the different natural environments and natural features of 

neurological health. Therefore, this study is the first to classify the natural environments with 

natural landscapes and landscaped gardens with water features. The second strength of the study 
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is the distinctive methodology decisions that contain neurological, psychological, and 

psychophysiological data collection and analysis. Moreover, previous studies found that 

interaction types with nature differently influence human well-being. Particularly, walking in 

natural environments improves mental and physical health (Sugiyama et al., 2008). For that 

reason, this study aimed to observe neurological and psychophysiological improvements in 

short-duration walking. To sum up, this comprehensive research with a multidisciplinary 

insight aimed to fill the gaps in the literature. 

 

There are a few limitations of this study. The field-based studies contribute to greater 

improvements concerning nature (Tsunetsugu et al., 2013). However, the first limitation was 

that the characteristics of field-based experiments made environmental control difficult. For 

instance, the previous schedule of the experiment was organized in March. However, because 

of unpredictable rainy days, the experiment schedule was postponed to April. The second 

limitation was finding participants who had easy access to the setting and were willing to walk. 
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