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ABSTRACT 

 

The emphasis on a gross nature-urban dichotomy and the insufficient examination of 

the restorative components (RCs) have limited our understanding of the effect of nature 

on humans.  The purpose of this thesis is to gain a better understanding of the underlying 

visual features of naturalness and RCs. Through Amazon Mechanical Turk, 88 

participants rated 680 outdoor images on naturalness and RCs (fascination, coherence, 

scope, being-away). Low-level visual features of these images, including hue, 

saturation, brightness, entropy, and edge density were analyzed. Findings suggest weak 

but significant associations between visual features and naturalness and RCs. Moreover, 

some visual features mediated the relationship between naturalness and RCs. Finally, 

qualitative analyses of scene-level characteristics suggest important distinctions 

between each RC. These are the first findings to show that underlying visual features of 

two levels of organization (low-level and scene-level) are associated with RCs. Future 

investigations should focus on understanding how visual features of scenes are related 

to improved cognitive functioning. 
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To difficult times and to being stuck at home during a global pandemic --for those are the times 

that make one appreciate the restorative effects of a window view of the South Hill and a slowly 

blossoming busy Lizzie. 
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CHAPTER 1 

INTRODUCTION 

 What are the characteristics of environments that improve one’s cognitive functioning (i.e., 

restorative environments)? A large body of literature has focused on the restorative effects of 

natural environments (Faber Taylor & Kuo, 2009; Schertz & Berman, 2019; for reviews see 

Bratman et al., 2012; Chawla, 2015; Hartig, Mitchell, Vries, & Frumkin, 2014; Frumkin et al., 

2017). Moreover, a set of theoretical components (fascination, coherence, scope, being-away) 

might be required to feel restored while being in a natural, as well as a man-made environment.  

However, empirical work on these theoretical components is limited. The emphasis on a gross 

nature-urban dichotomy and the neglect in studying restorative components have impaired 

attempts to understand the role of the specific characteristics of restorative environments, which 

could exist in man-made as well as natural settings. The purpose of the current study, then, is to 

gain a better understanding of the underlying visual features of natural environments and 

restorative components. 

The idea that natural environments elicit a positive psychological and cognitive response 

should not be surprising to anyone who has ever taken a hike in the mountains during fall foliage 

or even looked out a window view to see lush vegetation. Empirical investigations of the nature 

experience reach back to studies of wilderness (Newman, 1980; S. Kaplan & Talbot, 1983). Over 

the past half century, several psychological theories have been proposed to explain the nature 

experience with a focus on nature’s impacts on affective and cognitive systems (Schertz & 

Berman, 2019). These theories face two main challenges: 1) identifying the environmental 

predictors of  restorative experiences and 2) explaining the mechanisms underlying restoration 



 

2 

 

(Joye & Dewitte, 2018). The present thesis addresses the first challenge within the framework 

provided by the Attention Restoration Theory (ART).  

 

Restorative Experience According to Attention Restoration Theory (ART) 

The term restoration in ART refers to recovering from mental fatigue and showing improved 

cognitive functioning. Alternate accounts claim that stress reduction and improved affect might be 

among the benefits of interacting with natural environments (e.g., Ulrich et al., 1991).  The 

constructs of mental fatigue and stress are quite different. For example, being chased by a mountain 

lion might be a very stressful event; however, it does not necessarily cause mental fatigue (Kaplan 

& Kaplan, 1989). In contrast, working long hours, even in the absence of the anticipation of a 

future threat (i.e., stress), can result in mental fatigue. My thesis focuses on the ART framework 

and thus restricts the term restoration to refer to recovery from mental fatigue (i.e., improved 

cognitive functioning).  

ART posits that restorative experiences can be understood through the effect of certain 

environmental features on attention. Attention, however, is not a unitary construct; it can be 

construed as having two facets: directed attention and fascination (Kaplan, 1995). Directed 

attention refers to the mental effort exerted to attend to a weak stimulus that is not inherently 

interesting. Having to pay attention to a lecture on a boring subject is an example of a weak 

stimulus and requires directed attention. This is in contrast to fascination, which does not require 

the subject to put forth intensive cognitive effort to attend to a stimulus. A beautiful sunset is an 

example of a stimulus that engenders fascination.  

Effortful control of attention can modify the impact of weak stimuli.  While strengthening 

the inherent qualities of a weak stimulus is not possible (one cannot make a boring lecture 
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interesting), one can inhibit distractions to increase the ability to attend to the otherwise not-

interesting stimulus (Kaplan, 1995). The eventual consequence of this effortful inhibition is 

directed attention fatigue (i.e., mental fatigue), which manifests as the inability to sustain one’s 

attention to a weak stimulus as well as experiencing negative affect such as irritability. Being able 

to pay attention to a lecture for the first half an hour but then finding your mind wandering would 

be the consequence of directed attention fatigue.  

 ART suggests that certain environments, including nature, have fascinating qualities that 

are easy to attend to. When fascinated, involuntary attention guides mental processes, without the 

need for effortful directed attention. Being fascinated allows the mechanisms underlying directed 

attention to rest and recover, leading to the replenishing of depleted cognitive resources.  

The cognitive mechanism described by ART can be applied to various types of experiences 

other than being in the nature, such as listening to calming music, reading an absorbing book, 

talking to a friend who gets you, or being in a museum. However, empirical studies examining 

ART has almost exclusively focused on the effects of natural environments on cognitive 

functioning, neglecting the potential for non-natural settings to possess restorative components. 

 

Empirical evidence for nature’s restorative effects 

Consistent with the claims made by ART, many studies have investigated the cognitive benefits 

of various kinds of nature exposure (for a review, see Bratman, Hamilton, & Daily, 2012; Chawla, 

2015; Frumkin et al., 2017). As reviewed below, studies on the restorative effects of nature have 

been categorized into three different degrees of nature exposure: passive viewing of images, 

viewing natural landscapes through a window, and being physically present within the natural 

landscape (Bratman et al., 2012). Effects on attention have been measured using subjective ratings, 
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cognitive tasks, or physiological measures. Measures of perceived restoration were excluded from 

the review because such subjective ratings (i.e., perceived restoration) might not reflect an actual 

improvement in cognitive functioning. 

 

Being physically present in a natural environment. The immediate attentional effects of nature 

have been examined using a variety of cognitive tasks, different types of nature contact with 

varying duration, as well as diverse study samples and experimental designs (Table 1). Only a 

small number of within-subjects studies examined responses to both nature and urban conditions, 

and they found stronger benefits of exposure to nature.  For example, after walking for a few hours 

in nature, participants had improved cognitive functioning, as measured by Sustained Attention to 

Response Task (SART) (Pasanen, Johnson, Lee, & Korpela, 2018). Children with attention deficit 

disorders concentrated better after walking 20 minutes in a park, compared to the two other 

conditions where they walked 20 minutes in urban areas (Faber Taylor & Kuo, 2009). 

Concentration was measured by Digit Span Backwards (DSB), Stroop Color-Word Test, Symbol 

Digit Modalities Test (SDMT), and the Vigilance Task. 

Studies using between-subjects designs obtained similar results when comparing nature 

and urban conditions. Fifty-minute nature walks improved directed-attention capacity, as 

measured by Necker Cube Pattern Control (NCPC), DSB, Digit Span Forward (DSF) and the 

SDMT (Berman, Jonides, and Kaplan, 2008). Among women with newly-diagnosed breast cancer, 

120-minute weekly nature exposure was associated with increased capacity to direct attention, 

which was measured by DSF, DSB, Necker Cube Pattern Control, and SDMT (Cimprich & Ronis, 

2003). Another study found that the ability to focus decreased after walking in an urban 

environment, whereas it slightly increased after walking in nature (Hartig, Evans, Jamner, Davis, 
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& Garling, 2003). Similarly, participants who walked in nature for 10 minutes made significantly 

fewer errors in the Memory Loaded Search Task (MLST) than participants who walked in an urban 

environment for 15 minutes (Mayer, 2009). Finally, elderly residents in geriatric care who spent 

time in a garden (versus indoors) had improved concentration, as measured by DSF and DSB, in 

comparison to residents who spent time indoors (Ottosson & Grahn, 2005). 

 

Views of nature. Window views of nature have been thought to provide micro-restorative 

experiences (Kaplan, 2001). Relatedly, students who had nature views from their dormitory 

windows had better attention, as measured by DSF, DSB, SDTM, and NCPC, compared to students 

whose dormitory windows had views of built environments (Tennessen and Cimprich, 1995). 

Similar results have been obtained in children (Faber Taylor, Kuo and Sulivan, 2002).  To assess 

near-home naturalness, parents were asked to report how much of the view from their window was 

of nature and how much of it was man-made. Nature views significantly predicted better 

concentration scores (SDMT, DCB, Alphabet Backwards, and NCPC) for girls, but not boys. The 

gender difference was explained by prior research, which suggests that boys have larger territorial 

range than girls, making them less affected by the near-home nature. 

Images of nature. A subset of studies examining the benefits of nature have used 

photographs of nature and man-made environments (Table 1), suggesting that nature can have 

cognitive benefits even in the absence of full immersion. These studies vary in their method of 

image selection, the number of images they included, whether they used colored or grayscale 

images, how they presented these images (i.e., computer screen, projection, head-mounted 

display), for how long each image was presented, whether they had within or between subjects 

design, and the type of outcome measures they used.  
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Table 1. Summary of studies examining the relationship between nature and cognitive functioning 

 

In one study, participants viewed 50 images of natural or man-made environments for 15 

seconds each (Berto, 2005). Images were obtained from magazines and existing stimulus materials 

and did not include people in them. Participants who viewed nature photos had improved attention 

Authors (year) Independent variable Dependent variable Research design 

Being physically present in a natural environment 

Berman et al. (2008), 

Study I 

50-minute walk in nature 

or downtown area 

DSB; ANT Between subjects; pre-

post nature or urban (2X2) 

Faber Taylor & Kuo 

(2009) 

20-minute walk in a park, 

downtown area, or 

residential area 

DSB; Stroop Test; 

SDMT; 

Vigilance Task 

Within subject; pre-post 

park and urban 

Hartig et al. (2003) 50-minute walk in a 

nature preserve or urban 

area 

NCPC; MLST 

(adapted) 

Between subjects; 

Pre-post nature or urban 

walk 

Mayer (2009) 10-minute walk in a 

nature preserve or 

downtown area 

MLST Between subjects 

Ottosson & Grahn 

(2005) 

Spending 1-hour time in a 

garden or indoors 

DSF, DSB Within subjects; pre-post 

garden or inside (2x2) 

Pasanen et al. (2018) 1-2 hours nature walk SART Within subjects; 

Pre-post nature (2X1) 

Views of nature 

Faber Taylor et al., 

2002 

Residential views of 

natural or built 

environment 

SDMT; DSB; NCPC; 

Alphabet Backwards 

Quasi-experimental 

Tennessen & Cimprich 

(1995) 

Dorm rooms of natural or 

built environment 

DSF; DSB; 

SDMT; NCPC 

Quasi-experimental 

Images of nature 

Berman et al. (2008), 

Study II 

12-minutes nature or 

urban pictures 

ANT Between subjects: 

pre-post nature or urban 

(2X2) 

Berto (2005) 6- minute nature or 

urban pictures 

SART Between subjects: 

pre-post nature or urban 

(2X2) 

Gamble & Howard 

(2014) 

6-minutes nature or 

urban pictures 

ANT Between subjects: 

pre-post nature or urban 

(2X2) 

Hartig (1996) 13-minute nature or 

urban slides 

Memory-loaded 

Search Task (SMT) 

Between subjects: 

3x2 factorial design 

(natural env., urban env., 

no-stimulation control) X 

(pre-test, no pre-test) 

Laumann et al. (2003) 20 minutes nature or 

urban pictures 

Posner’s Attention 

Orienting Task 

Between subjects: pre-

post nature or urban (2X2) 
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scores (measured by SART), significantly more than participants who viewed urban photos (Berto, 

2005). Similarly, participants who viewed a simulated city scene with a meadow green roof for 40 

seconds performed significantly better in SART compared to participants who viewed a city scene 

with bare concrete roof (Lee, Williams, Sargent, Williams, & Johnson, 2015). Two studies using 

colored pictures of nature taken in Nova Scotia or urban areas of Ann Arbor, Michigan; Detroit, 

Michigan, or Chicago, Illinois measured attention using the Attention Network Task (Berman et 

al., 2008; Gamble, Howard, & Howard, 2014). Both studies presented a total of 50 images for 7 

seconds each. The results indicated that only people who viewed images of nature showed 

significantly improved attention. Similarly, when participants viewed 80 natural or urban scenes, 

each of which was presented for 15 seconds, for a total of 20 minutes, the group who viewed nature 

images improved in their capacity to voluntarily shift their attention; whereas the same effect was 

not observed for the group who viewed urban images (Laumann, Gärling, & Stormark, 2003). All 

images came from the same natural environment, which was argued to enhance nature’s restorative 

effects (Laumann et al., 2003). In one study, participants who were presented with nature images 

did not show improved attention, as measured by Memory-loaded Search Task (MST) (Hartig, 

Book, Garvill, Olsson, & Gärling, 1996). The stimuli used in this study were colored photos taken 

in Sweden that were controlled for the month, weather, and time of the day, and presented for 10 

seconds each. The high degree of control of the content of the images might have reduced the 

perceptual differences between natural and urban images, which in turn might have washed away 

restorative effects of the nature images that was observed in other studies. 

 

Summary and critique of nature exposure studies. With the exception of one study (Hartig et al., 

1996), the studies summarized above suggest that being physically present in nature, having access 
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to nature views, and looking at nature images have the potential to restore attention, but exposure 

to man-made environments does not. A common limitation of all the studies is the presence of 

confounding factors, which pose a risk for the studies’ internal validity. For example, in studies of 

being physically present in nature, it is possible that novelty, rather than nature exposure, was more 

relevant for restored attention because the studies did not control for how frequently participants 

normally interact with the nature (Berman et al., 2008; Cimprich & Ronis, 2003; Hartig et al., 

1991). The same threat to internal validity applies to the studies of nature views. It is possible that 

people who lived in places with nature views had easy access to outdoors. In that case, nature 

views might be proxies for physical activity, which might be the main reason for the improved 

cognitive performance (Faber Taylor, Kuo, & Sullivan, 2002; Tennessen & Cimprich, 1995).  

Studies using images of nature or urban scenes provide more controlled experimental 

conditions, which eliminates some of the confounding factors such as novelty or physical activity. 

However, other confounding factors, such as the visual appeal of the environment or 

presence/absence of people in the scene, still pose a threat to construct validity, which in turn 

affects internal validity. Visually appealing and pleasant environments can influence 

psychophysiological well-being (Nanda, Pati, & McCurry, 2009; Thiels, 1993).  Therefore, if the 

images of nature are systematically more appealing than images of man-made environments, visual 

appeal, rather than naturalness might be related to improved cognitive functioning.  Moreover, 

crowding has been shown to be related to negative emotional responses (Tomás, Amérigo, & 

García, 2016). Therefore,  presence or absence of people in the images, rather than their nature 

content, might also be contributing to their restorative effects. Because images in the studies above 

were not selected randomly, image sets show biases in dimensions such as visual appeal or 
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presence/absence of people.  While some studies controlled for the presence of people in the 

images (e.g., Berto, 2005), most studies did not. None of the studies controlled for visual appeal. 

 

Components of restorative experiences  

Studies summarized in the previous section examined the different effects of natural and man-

made environments on cognitive functioning. This line of research has led to a nature-urban 

dichotomy that associates restoration with natural environments. In contrast, the main claim of 

Attention Restoration Theory (ART) is not that nature has restorative effects, but rather that there 

are specific properties of restorative environments. According to ART, nature constitutes a subset 

of restorative environments because natural environments tend to have restorative properties. This 

section describes the restorative components proposed by ART. 

 

Restorative components as proposed by ART. According to ART, the shift between directed 

attention and fascination is facilitated by a combination of distinct experiences, including being-

away, extent, fascination, and compatibility (Table 2), which I shall refer as restorative 

components. Being-away is defined as changing one’s location or activity to get away from the 

thoughts that normally occupy one’s mind and life (Kaplan & Kaplan, 1989). A sense of being-

away can be achieved through a physical change in location or a mental escape from the present 

aspects of life by looking at a view from the window. To feel restored, we might benefit from a 

change from the routine of our everyday life; however, being-away in a prison cell would not 

benefit our cognitive functioning (Kaplan & Kaplan, 1989). For this reason, ART further proposes 

that a restorative environment should give a sense of being ‘in a whole other world’ (Kaplan & 

Kaplan, 1989), which can be achieved through coherence and scope of an environment. Together, 
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these two properties – coherence and scope – are called extent. Extent is the feature of the 

environment that makes you feel engaged and immersed (Kaplan, 1995). Extent does not 

necessarily requires a large area of land; but one can achieve a sense of extent within an 

environment if it is coherent and gives a sense of scope (Kaplan, 1995). Coherence refers to the 

organization of a scene’s elements and how well they are connected to one another; whereas scope 

refers to perceived opportunities that an environment provides for exploration (Kaplan & Kaplan, 

1989). Because extent is defined by these two properties, some investigations of ART use 

coherence and scope, instead of extent, as two of the main components of restorative environments 

(e.g., Hartig et al., 1996).  

 

Table 2. Description of each restorative component and how it is measured based on Pasini et al., (2014) 

Restorative component Description Measurement (Likert scale) 

Fascination Mind-wandering via involuntary 

attention 

“In this place, my attention is 

drawn to many interesting 

things” 

Sense of extent The sense of being in a whole other 

world. Two relevant properties are 

coherence and scope 

 

See coherence and scope 

• Coherence Interrelatedness of the immediately 

perceived elements; sufficient 

connectedness to make it possible to 

build a mental map 

“It is easy to see how things are 

organized in this place” 

• Scope Constitution of a larger whole so that 

building a mental map is worthwhile 

“This place is large enough to 

allow exploration in many 

directions” 

Being-away Absence of some aspect of life that is 

ordinarily present and presumably not 

always preferred 

“To stop thinking about the 

things that I must get done I like 

to go to places like this” 

Compatibility The fit between one’s purpose and the 

demands imposed by the environment 

Not included  

 

As discussed in the previous section, the use of directed attention for extended periods of 

time results in mental fatigue. Directed attention fatigue can be reduced by allowing fascination to 
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take over attentional processes. Fascination is facilitated by the properties of the environment that 

are engrossing, which engage involuntary attention and allow the mind to wander and reflect 

(Kaplan & Kaplan, 1989). Critically, a distinction is made between soft and hard-fascination 

(Basu, Duvall, & Kaplan, 2018). Soft-fascination is undramatic and allows room for reflection. 

Examples of soft-fascination include watching the clouds or flowing water. On the other hand, 

hard-fascination grabs attention more aggressively and does not allow the individual to reflect. 

Watching an emergency medicine television program, seeing a speeding fire engine, or realizing 

that a large animal is charging toward you are examples of hard-fascination. 

The last component of ART is compatibility. Compatibility refers to the congruence 

between one’s intentions and the activities the environment can afford (Kaplan, 1995). Unlike the 

previous three components, compatibility is prone to change quickly because it depends on the 

functional fit between a person’s inclinations and the environment. For example, someone trying 

to relax by reading a book in nature might find the wind disturbing because it blows the pages of 

the book. The same wind might be a pleasant addition to a conversation with a friend. Perhaps 

fittingly, Kaplan and Kaplan (1989) quote the Irish saying “May the wind be always at your back” 

to capture the essence of compatibility. 

ART conceptualizes restorative experiences as a product of the interaction between the 

environment and the individual. Consequently, the four restorative components of ART describe 

both some quality of the environment and one’s relation toward an environment at a given moment. 

Some of the components are more heavily anchored in the properties of the environment than the 

way an individual interprets it. For example, fascination can be explained as a property of an 

interesting stimulus and extent being emergent from the “interrelatedness of the elements” in the 

environment (Kaplan & Kaplan, 1989). Being-away can be about the physical environment, such 
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as when one goes on a mountainside retreat. It can also be about changing one’s cognitive state by 

putting aside the work with which one is occupied. Finally, compatibility is predominantly related 

to one’s perception and interpretation of the environment. It mandates a congruency between the 

environment and the individual’s inclinations (Kaplan & Kaplan, 1989); therefore, it cannot be 

separated from one’s cognitive state.  

 

Quantifying restorative components. There are at least 15 scales that measure restorative 

components, 13 of which are based on ART (Han, 2018). Of these 13 scales, the most commonly 

used measure is Perceived Restorativeness Scale (PRS) (Han, 2018). Specifically, PRS evaluates 

perceptions of fascination, coherence, scope, being-away, and compatibility (Hartig, Korpela, 

Evans, & Gärling, 1997). Because extent emerges from coherence and scope, the extent component 

is split into two constructs that measure coherence and scope in PRS (Hartig et al., 1997). A similar 

scale to PRS measures fascination, extent, novelty, escape, and being-away. In this scale, being-

away was deconstructed into novelty and escape ( Laumann, Gärling, & Stormark, 2001).  

 

Critique of the empirical evidence for the restorative components proposed by ART.   Theoretical 

constructs of ART are still vaguely defined, and this creates confusion in the literature (Joye and 

Dewitte, 2018). PRS and similar scales provide ways to measure ART components; however, the 

self-report nature of the PRS raises questions of construct validity. 

Another issue is the unclear connection between restorative components and naturalness.  

Studies suggest that natural environments are rated higher on the restorative components than man-

made environments (Berto, Massaccesi, & Margherita, 2008; Laumann et al., 2001). Berto and 

colleagues (2008) showed that fascination, coherence, scope, and being-away were rated higher 
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for nature photographs compared to urban photographs. Similarly, another study found that natural 

environments were rated significantly higher on extent, compatibility, and novelty and escape - 

the two subconstructs of being-away (Laumann et al., 2001). The same study examined the factor 

structure of the scale and found support for the four-factor structure hypothesized by ART 

(Laumann et al., 2001). However, the images included in these studies might not be representative 

of average natural and urban environment. It is possible that image sets were biased towards 

visually appealing nature and visually unappealing urban environments. If, as posited by ART, 

any environment (including urban areas) can be restorative if it possesses the necessary 

characteristics, then these restorative components require a higher degree of experimental control 

than is typically found in the literature. 

 

Possible connections of the visual features to naturalness and restorative components 

One of the major limitations of the studies measuring restorative benefits of nature is lack of a 

clear understanding of the properties of natural environments. Natural and man-made 

environments have many different qualities, making it difficult to understand the underlying 

mechanisms of cognitive benefits associated with nature exposure (Berman, 2014). For example, 

natural environments have more green hue than man-made environments; while man-made 

environments typically have more parallel lines. For this reason, identification of the qualitative 

differences between these two types of environments should be accomplished before we 

understand why nature restores attention.  

One apparent difference between natural and man-made environments is their visual 

features such as complexity. Visual complexity as operationalized by fractal dimensions, which is 
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related to the recursive structure in an image, is associated with natural and built environments 

(Bourchtein, Bourchtein, & Naoumova, 2014). 

Low-level color and spatial features were shown to underlie people’s preference for natural 

over man-made scenes (Kardan et al., 2015). Specifically, naturalness was significantly correlated 

with hue, standard deviation of hue, and standard deviation of saturation. Moreover, low-level 

visual structures can predict naturalness (Kotabe, Kardan, & Berman, 2016). Color and edge 

features of 260 nature and urban images were scrambled, and participants were asked to rate how 

natural the scrambled images were. There was a significant correlation between the naturalness 

ratings of original images and the naturalness ratings of color-scrambled images (Kotabe et al., 

2016), which suggests that naturalness might be preserved in low-level color features. No studies 

have examined the relationship between low-level visual features and restorative components. 

  

Current study aims 

The purpose of the current study is to improve our understanding of natural environments, 

restorative components, and visual features underlying these components.  

Aim1. If the nature-urban dichotomy provides the explanatory power to understand the 

characteristics of restorative environments, then we should expect natural environments to have 

restorative components. Previous studies support this relationship between naturalness and 

restorative components (Berto et al., 2008; Laumann et al., 2001); however, these studies might 

have used image sets that were not representative of average nature and urban environments. The 

image set used in the present study is more representative of a wide range of natural environments 

that are not represented in previous studies (Figure 3). To reinforce our understanding of how 

naturalness relates to restorative components, the following question is asked: 
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1. How is naturalness related to perceived fascination, coherence, scope, and being-away? 

 

Aim 2. Studies show that perception of naturalness is related to low-level visual features 

(Berman et al., 2014; Kardan et al., 2015). To my knowledge, no study has examined the 

relationship between visual features and restorative components. The following research questions 

address how low-level color and spatial features are related to naturalness and restorative 

components: 

2a. How is naturalness related to low-level visual features of a scene? 

2b. How do images of natural and man-made environments differ in their low-level visual 

features? 

2c. How are the low-level visual features of a scene related to restorative components? 

Aim 1 

Aim 2c Aim 2 (a, b) 

Low-level visual 

features 

Naturalness 
Restorative 

components 

Aim 2d 

Scene-level 

visual 

features 

Aim 3b 

Figure 1. Schematic illustration of the aims 

 

Aim 3a 
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Moreover, given that ART proposes that natural environments have restorative components, low-

level visual features might provide a possible mechanism of how restorative components emerge 

from naturalness. Therefore, another research question related to Aim 2 is: 

2d. Do low-level visual features mediate the relationship between naturalness and 

restorative components? 

 

Aim 3. Describing environments in terms of their restorative components, rather than their 

naturalness, might be more useful to understand restorative effects of an environment. If restorative 

components constitute a taxonomy that can describe restorative environments, they should first 

and foremost reliably refer to specific aspects of an environment. Research on the components of 

restorative experiences is almost non-existing. The third aim of this thesis is to gain a deeper 

understanding of restorative components:  

3a. How are perceived fascination, coherence, scope, and being-away are related to each 

other? 

3b. What are the scene-level visual features related to each restorative component? 
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CHAPTER 2 

METHODS 

Participants 

Participants were recruited from Amazon Mechanical Turk (AMT). On average 75% of the AMT 

respondents come from the US and 16% from India (Ipeirotis, n.d.). To avoid the confound of 

living in the countries other than the US and India, which constitutes the remaining 14% of the 

respondents, participants in this study were restricted to the US and India. Participants between 

the ages 18-60 years and proficient in English were eligible to participate. Table 3 summarizes the 

demographic characteristics of our sample. A total of 88 participants between the ages 23-40 years 

(M=36) were recruited through Amazon Mechanical Turk. Thirty-one were females and 57 were 

males. Fifty-seven participants were from the US, and the remaining 31 were from India. Thirty-

eight participants indicated that they were currently living in an urban area, 26 of them were 

currently living in a town, and 23 of them were currently living in a rural area or country. 

 

                                              Table 3. Demographic characteristics of the sample 

 

 

 

 

 

 

 

 

 

Demographic variable Data 

Gender  

      Male 31 (% 35.5) 

      Female 57 (% 64.7) 

Age  

      Mean ± SD 36 ± 10.8 

      (Min, Max) (23, 40) 

Country of residence  

      US 57 (% 64.7) 

      India 31 (% 35.5) 

Currently living at  

      Urban 38 (% 43.2) 

      Town 26 (%29.5) 

      Rural/country 23 (% 26.1) 



 

18 

 

Stimuli selection 

Images used in this study were taken from the Scene Understanding (SUN) attribute Database, 

which provides 14,340 images rated by Amazon Mechanical Turk workers on 102 different 

attributes (Patterson & Hays, 2012). One of the attributes in the database is “not enclosed,” which 

includes scenes that were not outdoors. As the first step to create our stimuli set, images that were 

“not open” were excluded, which yielded a total of 2808 images. Of these images, those that had 

very poor image quality or had a portrait orientation were removed. We also excluded images that 

were not representative of typical outdoor environments, such as images of airports or aquatic 

parks. The final set had 850 images (see Figure 2 for examples).  

The images were representative of the major biomes including tundra, taiga, grasslands, 

shrubland, temperate forests, rainforests, savanna, and deserts. The image set also included images 

representative of aquatic biomes, including coastal environments and inland water.  Some 

environments were composed of natural elements, but heavily influenced by human activity (e.g., 

parks and cropped fields). The image set was also representative of the major types of man-made 

settlements, which are cities, suburban areas, and rural or country settlements. The man-made 

settlements included both modern and historic buildings.  

We wanted to limit our experimental procedure to 45 minutes. To determine how many 

images can be rated in 45 minutes, we asked two research assistants to complete the rating task. 

We determined that 85 images could be rated on 5 labels within the given amount of time. 

Therefore, we split 850 images into 10 image sets, each of which had 85 images. An effort was 

made to make the groups similar to each other (e.g., distributing desert pictures equally among the 

10 groups). However, because the images were very diverse, this was not a strict criterion. Only 7 

of these 10 groups were used in this study due to number of participants.  
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Constructs and Measures  

Naturalness and restorative components. To measure perceived naturalness and restorative 

components of images, we asked participants to rate how well they thought each construct 

(naturalness, fascination, coherence, scope, being-away) described a given image. For perceived 

naturalness, participants received the following instructions: “Please indicate whether or not you 

agree with the following statement: This place is very natural.” In a similar fashion, to obtain 

ratings of restorative components, we provided a descriptive phrase. These descriptive phrases 

were taken from the Perceived Restorativeness Scale-11 (PRS-11) (Pasini, Berto, Brondinom Hall, 

 

Figure 2. Examples of images from different types of environments: tundra, taiga, grassland, shrubland, 

temperate forests, rainforests, coastal environment, inland water, cropped fields, park, quarry, pool, rural 

settlement, suburban settlement, city, historic building 
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& Ortner, 2014). PRS has three descriptors for each of fascination, coherence, and being-away, 

and two descriptors for scope. We selected the most descriptive phrase for each component (Table 

2) and asked participants to indicate how much they agree with each statement. Responses were 

on a 7-point scale, anchored by strongly disagree (1) and strongly agree (7).   

 

Low level Visual Features.. For each image, we calculated eight low level visual features.  These 

comprised six low-level color features: red-cyan hue content (rcHue), green-violet hue content 

(gvHue), saturation, standard deviation of saturation (sdSat), brightness, standard deviation of 

brightness (sdBright) and two low-level spatial features: pixel entropy and edge density (ED). All 

image statistics were calculated using the MATLAB code provided by previous studies (Berman 

et al., 2014; Kardan et al., 2015). Berman et al., (2014) used build-in functions in MATLAB’s 

image processing toolbox that uses standard HSV (hue, saturation, value) model to calculate the 

color features. Because hue is an angular measurement, we split it into two variables by taking its 

sine and cosine. Sine of hue refers to the green-violet content of an image and cosine of hue refers 

to the red-cyan content of an image. 

 

Procedure 

All participants initially completed a demographics survey including questions about gender, age, 

and country of residence. Participants were then randomly assigned to view one of the seven 

batches of image photos. Batches 1 to 7 were rated by 10, 15, 13, 12, 12, 12, and 13 participants. 

Thus, each image in the study was rated by 10 to 15 participants. Each image batch had 85 distinct 

images. Each participant evaluated 85 images on the five constructs, for a total of 425 images. The 

order of categories and the order of questions under each category were randomized for each 
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participant. Completion of all tasks took approximately forty-five minutes and participants were 

compensated for their time by receiving extra credit in a psychology course that they are enrolled 

in.  

 

Analytic Strategy 

To prepare the images for analyses, images that were rated high and low on naturalness were taken 

to create two sets for natural and man-made environment photos. Images rated 1 or 2 on a 7-point 

scale (n=106) were categorized as man-made photos and images rated 6 or 7 on a 7-point scale 

(n=188) were categorized as nature photos.  

Aim 1 (How is naturalness related to perceived fascination, coherence, scope, and being-

away?) was addressed by two analyses.  First it was examined by performing correlations between 

the ratings of naturalness and the restorative components. Second, four independent samples t-

tests were performed to examine the difference of fascination, coherence, scope, and being-away 

ratings between the natural and urban image groups. Ratings were averaged across subjects for 

each image.  

Aim 2a (How is naturalness related to low-level visual features of a scene?) was addressed 

by performing Spearman correlation between low-level visual features and mean naturalness 

scores for images. For Aim 2b (How do images of natural and man-made environments differ in 

their low-level visual features?), we ran six independent samples t-tests comparing low-level visual 

features of natural and urban environments. Aim 2c (How are the low-level visual features of a 

scene related to restorative components?) was addressed using Spearman correlation analyses 

between low-level visual features and mean restorative component ratings. For Aim 2d (Do low-

level visual features mediate the relationship between naturalness and restorative components?), 
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we used the Lavaan package in R to analyze the indirect effect of naturalness on restorative 

components through low-level visual features.  

Aim 3a (How are perceived fascination, coherence, scope, and being-away are related to 

each other?) was addressed by performing correlations among the restorative components. In Aim 

3b (What are the scene-level visual features related to each restorative component?), a qualitative 

analysis of 20 images that received highest and lowest ratings on each restorative component is 

provided. 
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CHAPTER 3 

RESULTS 

I will next present the results related to each aim as described in the analytic strategies section 

and then provide a discussion of these results.  

 

Aim 1: How is naturalness related to perceived fascination, coherence, scope, and being-

away?  

Figure 3 shows the correlations between naturalness and restorative component scores. 

Naturalness and fascination were found to be weakly positively correlated, r(587) = 0.17, p < 

0.001. Naturalness and coherence were found to be weakly negatively correlation, r(587) = -0.43, 

p <  0.001. Naturalness and scope were found to be moderately positively correlated, r(587) = 0.73, 

p <  0.001. Finally, naturalness and being-away were found to be moderately positively correlated, 

r(587) = 0.70, p <  0.001 

 

 

Figure 3. Correlations between naturalness and each restorative component. Each point is the 

mean rating of an image. All correlations are significant. The blue line is a fitted regression line.  
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Independent samples t-tests to compare fascination, scope, being-away, and coherence 

ratings between nature and man-made images yielded the following results. After applying the 

Bonferroni correction, all differences were found to be significant (Figure 4). Nature images were 

rated significantly higher on fascination (t(325) = 5.24, p < 0.001), scope (t(325) = 22.71,  p < 

0.001), and being-away (t(325) = 22.70, p < 0.001) than urban images. Coherence ratings for urban 

images were statistically significantly higher than for nature images (t(325) = -8.82, p < 0.001). 

 

 

       

Figure 4. Boxplots comparing the ratings of fascination (mnatural=4.579, SDnatural=0.753; murban=4.099, 

SDurban=0.822), coherence (mnatural=4.356, SDnatural=0.759; murban=5.200, SDurban=0.719), scope 

(mnatural=5.481, SDnatural=0.626; murban=3.731, SDurban=0.741), and being-away (mnatural=4.949, 

SDnatural=0.662; murban=3.131, SDurban=0.716) between natural and man-made images. All differences 

were significant as indicated by the asterisks. The diamonds indicate mean ratings. 
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Discussion of Aim 1 

Correlations and t-tests suggest that naturalness, compared to man-made, is related to higher 

perceived fascination, scope, and being-away, but lower coherence rating (Figure 3 and 4). The 

finding that coherence is negatively related to naturalness is different from the previous findings 

(Berto, 2008).  

The overall positive association with natural environments and restorative components, 

with the exception of coherence, might be interpreted as the nature content being associated with 

restorative components. Another explanation to these findings is that certain properties of natural 

environments underlie restorative components. To address this issue, we next identify low-level 

features associated with naturalness and restorative components. 

 

Aim 2: Low-level visual correlates of naturalness and restorative components 

2a. How is naturalness related to low-level visual features? The correlations between mean 

naturalness ratings and low-level visual features are summarized in Figure 5. Naturalness was 

significantly and positively correlated with green-violet hue (gvHue) (r(588)=0.15, p<0.001), red-

cyan hue (rcHue) (r(588)=0.09, p=0.032), saturation (r(588)=0.32, p<0.001p=0.016), sdSat 

(r(588)=0.21, p<0.001), and edge density (ED) (r(588)=0.40, p<0.001). It was significantly and 

negatively correlated with brightness (r(588)=-0.10) and sdBright (r(588)=-0.10, p=0.019). The 

correlation between naturalness and pixel entropy was not significant (r(588)=0.04, p=0.39).  
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Figure 5. Correlations between mean naturalness scores and brightness (bright), edge density (ED), 

pixel entropy, green-violet hue (gvHue), red-cyan hue (rcHue), saturation (sat), standard deviation 

of brightness (sdBright), and standard deviation of saturation (sdSat). 
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2b. How are images of natural and man-made environments differ in their low-level features? The 

results of independent samples t-tests to examine the difference of low-level visual features 

between natural and urban photos are summarized in Figure 6. Four of these analyses were 

significant after applying Bonferroni correction: compared to urban images, nature images had 

significantly higher gvHue (t(325) = 3.99, p < 0.001), saturation (t(325) = 8.11, p < 0.001), sdSat 

(t(325) = 4.38, p < 0.001), and ED (t(325) = 9.33, p < 0.001).  

 

 Figure 6. Comparison of low-level visual features between the nature and 

man-made images. Asterisk   indicate significance. Diamond shape indicates 

mean values.  
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2c.  How are the low-level visual features of a scene related to restorative components? Figure 7 

shows the correlations of the low-level visual features and restorative components. Fascination 

had weak positive correlations with saturation (r(587) = 0.19, p < 0.001), sdBright  (r(587) = 0.16, 

p < 0.001), and pixel entropy (r(587) = 0.24, p < 0.001), and it had a weak negative correlation 

with sdSat (r(587) = -0.23, p < 0.001). Coherence had weak positive correlations with gvHue 

(r(587) = 0.08, p = 0.047) and sdBright (r(587) = 0.11, p = 0.006). Weak negative correlations 

were present between coherence and rcHue (r(587) = -0.09, p < 0.001) and coherence and ED 

(r(587) = -0.16, p = 0.04). Scope had weak positive correlations with saturation (r(587) = 0.26, p 

< 0.001), sdSat (r(587) = 0.15, p < 0.001), and ED (r(587) = 0.20, p < 0.001), and it had a weak 

Figure 7. Correlation matrix of low-level visual features with restorative components.   
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negative correlation with sdBright (r(587) = -0.09, p = 0.03). Being-away had a weak positive 

relationship with gvHue (r(587) = 0.13, p = 0.002) and pixel entropy (r(587) = 0.15, p < 0.001), 

had a moderate positive relation with saturation (r(587) = 0.39, p < 0.001), sdSat (r(587) = 0.31, p 

< 0.001), and ED (r(587) = 0.31, p < 0.001). 

  

2d. Do low-level visual features mediate the relationship between naturalness and restorative 

components? Given that we found some low-level visual features to be correlated with naturalness 

and restorative components; visual features, rather than the nature content, might underlie the 

association between naturalness and restorative components. To test this hypothesis, we next 

looked at the indirect effect of naturalness on restorative components through the low-level visual 

features that were found to be significantly correlated with both naturalness and restorative 

components. Table 4 summarizes these findings.   

For fascination, low-level visual features that were significantly correlated with both 

naturalness and fascination were saturation, sdSat, and sdBright. For each of the three low-level 

visual features, we fitted three models where fascination was the dependent variable, naturalness 

was the independent variable, and the low-level visual feature was the mediator. The model 

estimated the coefficients of the paths between naturalness and fascination (path a), the low-level 

visual feature and fascination (path b), and naturalness and the low-level visual feature (path c). 

To estimate the mediation, Lavaan package takes the product of the coefficients a and b (ab). 

Increases in naturalness was significantly associated with increased in fascinating indirectly 

through increases in saturation (ab = .031, p < 0.001), sdSat (ab = .023, p < 0.001), and 

sdBright (ab = -0.010, p < 0.001). 
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For coherence, low-level visual features that were significantly correlated with both 

naturalness and coherence were gvHue, sdBright, rcHue, and edge density (ED). For each of the 

four low-level visual features, we fitted models where coherence was the dependent variable, 

naturalness was the independent variable, and the low-level visual feature was the mediator. 

Increases in naturalness was significantly associated with increased in coherence indirectly 

through increases in gvHue (ab = .010, p = 0.015). 

For scope, low-level visual features that were significantly correlated with both naturalness 

and coherence were saturation, sdSat, ED, and sdBright For each of the four low-level visual 

features, we fitted models where scope was the dependent variable, naturalness was the 

independent variable, and the low-level visual feature was the mediator. Increases in naturalness 

was significantly associated with increased in scope indirectly through increases in ED (ab = -

.027, p = 0.001). 

For being-away, low-level visual features that were significantly correlated with both 

naturalness and coherence were saturation, sdSat, ED, and gvHue. For each of the four low-level 

visual features, we fitted models where being-away was the dependent variable, naturalness was 

the independent variable, and the low-level visual feature was the mediator. Increases in 

naturalness was significantly associated with increased in being-away indirectly through increases 

saturation (ab = 0.041, p < 0.001) and sdSat (ab = 0.022, p < 0.001).  

 

Discussion of Aim 2  

Overall, we found weak but significant correlations between naturalness and visual features. 

Correlations and t-tests suggest that images with higher ED, saturation, sdSat, and gvHue received 

higher ratings on naturalness.  
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 Table 4. Mediation Analyses: the relation between naturalness and restorative components (RC) is 

mediated by low level visual features (LLVF) 

 

Spatial features related to naturalness. Scenes with a lot of small objects and shapes with 

corners create high edge density. Therefore, it is expected that natural environments such as 

meadows, forests and grasslands, presence of leaves and blades of grass creates a scene with high 

ED. On the other hand, other types of nature, such as dessert or icefields are smoother 

environments with low ED. While our image set included images representative of different 

biomes, it predominantly consisted of ‘green’ nature.  Most man-made environments consist of 

large, plain areas such as walls and roads, which do not have many edges. These properties of 

natural and man-made environments explain why natural environments had higher ED than man-

made environment. Our results are consistent with the findings of Berman et al., (2014) who 

showed that straight and none-straight ED significantly correlated with naturalness, but entropy 

did not. 

Color features related to naturalness. Color properties such as hue, saturation, and 

brightness can easily be manipulated by camera settings or post-processing. Therefore, the modest 

significant differences of color features between the natural and man-made images might be 

Low-level visual features (LLVF) 

  

Four restorative components 

Fascination Coherence Scope Being Away 

  

  

Color 

features 

red-cyan hue (rcHue) 
 

• 
  

green violet hue (gvHue) 
 

• √ ** 
 

• 

saturation • √ * 
 

• • √ ** 

sd Saturation (sdsat) • √ * 
 

• • √ ** 

brightness 
    

sd brightness (sdBright) • √ * • • 
 

Spatial 

features 

pixel entropy (PE) 
    

edge density (ED) 
 

• • √ ** • 

•  = LLVF candidate for mediation (i.e., correlated with both naturalness and RC) 

√ = LLVF mediates the relation between naturalness and RC 
* p < .001; ** p < .05 
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dependent on the stimuli set and should not be interpreted as properties of the actual natural and 

man-made environments. Both in this and a previous study, saturation was found to be positively 

correlated with naturalness (Berman et al., 2014). It is possible that people are more likely to 

photograph nature images that are more saturated or use post-processing tools to make natural 

environments look more saturated. These possibilities should be tested to understand why we 

found significant differences of color properties between nature and man-made image groups.   

We also found weak but significant correlations between visual features and restorative 

components. Moreover, we found evidence that the relations between naturalness and some 

restorative components were partially mediated by some of the low-level spatial and color features 

(Table 4).  This suggests that natural scenes might have restorative properties because of their low-

level visual features. For example, nature might be perceived as being fascinating because images 

of natural environments have higher saturation and standard deviation of saturation. These color 

features contribute to the vividness and variability in a scene, which might make a scene more 

fascinating. 

 

Aim 3: Scene-level visual features of restorative components 

Restorative components might be more useful in understanding restorative environments than the 

nature content of an environment. This section examines the perceptual features associated with 

restorative components.  

 

3a. How are perceived fascination, coherence, scope, and being-away related to each other? 

Correlation anlayses among restorative components revealed that fascination was weakly 

positively correlated with coherence, r(6952) = 0.04, p < 0.001, and with scope r(6952) = 0.14, p 
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< 0.001. Fascination and being-away were found to be moderately positively correlated, r(6952) = 

0.32, p < 0.001. Coherence was weakly negatively correlated with scope r(6952) =  0.13, p < 0.001 

and being-away r(6952) = -0.07, p < 0.001. Finally, scope and being-away were found to be 

moderately positively correlated, r(6952) = 0.32, p < 0.001. 

 

3b. What are the scene-level features related to restorative components? Scene-level features were 

identified through the visual examination of images representative of each restorative component. 

Fascination. Ten images that received highest mean fascination rating (Figure 8) and 10 

images that received the lowest mean fascination rating (Figure 9) were identified. Images rated 

high on fascination are either entirely man-made environments (Figure 8A-C), curated natural 

environments such as parks (Figure 8H-J), or natural environments with a salient man-made 

structure such as a castle or train racks (Figure 8D-G). In contrast, images rated low on fascination 

are empty areas like roads of open fields (Figure 9). Low-fascination images are almost entirely 

man-made, with the exception of an image of a barren land (Figure 9I).  

 Two scene-level features seem to be relevant to fascination: multiplicity and unusualness 

(or unfamiliarity) of the elements in the scene. In low-fascination images, there are only a few 

types of objects in each scene (e.g., only one building in a scene or a few automobiles of the same 

type). High-fascination images, on the other hand, have plants and buildings of various shapes,  

sizes, and colors, as well as a combination of different types of objects (e.g., a streetlight, a 

building, flowers etc.). Moreover, high-fascination images depict unusual places and objects, such 

as a castle, an amphitheater, a lighthouse, and sculpted plants. 
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A B C D E 

F G H I J 

Figure 8. Images that received highest mean fascination ratings. 

A B C D E 

F G H I J 

Figure 9. Images that received lowest mean fascination ratings. 

A B C 

G 

D E 

F H I 
J 

Figure 10. Images that received highest mean coherence ratings. 
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A B C D E 

F G H I J 

Figure 11. Images that received lowest mean coherence ratings. 

A B C D E 

F G H I J 

Figure 12. Images that received highest mean scope ratings. 

A B C D E 

F G H I J 

Figure 13. Images that received lowest mean scope ratings. 
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Coherence. Ten images that received highest mean coherence rating (Figure 10) and 10 

images that received the lowest mean coherence rating (Figure 11) were identified. High-

coherence images are almost entirely man-made environments. The only natural environment that 

was rated high on coherence has some human intervention: horizontally organized crop fields 

(Figure 10J). Overall, recognizable and repeating shapes or objects order seems to be the main 

element of coherence (e.g., windmills of different scales in Figure 10I, multiple of the same busses 

in Figure 10E, dark/line patterns of the sport fields in Figure 10A-B). Low-coherence images, on 

the other hand, are composed of irregular shapes and no apparent structure ((Houses with irregular 

shapes in Figure 11A). 

Scope. Ten images that received highest mean scope rating (Figure 12) and 10 images that 

received the lowest mean scope rating (Figure 13) were identified. Scope can most easily be 

understood as an open space where there is no physical barrier to movement. High-scope images 

are open natural environments such as valleys, meadows, deserts, with the exception of one image 

of a forest (Figure 12). Low-scope images are exclusively man-made environments (Figure 13). 

Urban images might be rated low on scope presumable because elements of the city (buildings) 

create an obstacle to locomotion, obstruct the view, and prevent exploration. Even in relatively 

open man-made environments, presence of certain type of buildings, such as factories (Figure 

13H), may imply that one is not allowed to explore the area. On the other hand, most natural 

environments tend to be open areas, providing opportunities for exploration in many directions. In 

natural environments, presence of large objects such as mountains or trees do not block the passage 

completely like buildings do in an urban environment.  

Being-away. Ten images that received highest mean being-away rating (Figure 14) and 10 

images that received the lowest mean being-away rating (Figure 15) were identified. All images 
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rated high on being-away are natural environments. Four of these images have some man-made 

features: a house, a tent, and a terrace with chairs and tables (Figure 14A-D). Overall, the 

environments rated high on being-away provide a space where people can engage in various 

activities, such as walking or sitting. Images rated low on being-away are rather hostile 

environments that are mud-covered or have cracked terrains (Figure 15A-B), which create 

obstacles to move. Other environments, such as roads and staircases do not provide any 

opportunities to engage in any activity (Figure 15C-J).  

 

 

 

A B C D E 

F G H I J 

Figure 15. Images that received lowest mean being-away ratings. 

A B C D E 

F G H I J 

Figure 14. Images that received highest mean being-away ratings. 
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Discussion of Aim 3 

Given that in Aim 1 we found that all restorative components, except for coherence, were 

positively related to naturalness, we would expect coherence to have an inverse relationship with 

the other restorative components. Accordingly, we found all correlations among restorative 

components to be positive with the exception of coherence-scope and coherence-being away. 

Moreover, visual examination of the images representative of each restorative component shed 

light on important differences in the perception of these components.  
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CHAPTER 4 

GENERAL DISCUSSION 

In Aim 1, we examined the relationship between naturalness and restorative components. Aim 2 

investigated the low-level visual features underlying naturalness and restorative components and 

Aim 3 explored scene-level visual features related to restorative components. Combined, these 

results suggest that the nature-urban dichotomy is not sufficient to explain restorative components. 

This is especially apparent in the relationship between naturalness and fascination. While there 

was a weak but significant positive correlation between naturalness and fascination (Figure 3), 

images rated highest on fascination included many urban areas (Figure 8). These findings indicate 

that both natural and urban environments might embody restorative components.  

 Our results also point out the importance of the image sets used in restoration studies. 

Unlike previous studies (Berto et al., 2008; Laumann et al., 2001), we found that coherence was 

negatively related to naturalness and fascination was only very weakly related to naturalness. This 

discrepancy might be due to the difference between the image sets used in this study and in 

previous studies. Studies of restoration predominantly include green nature; whereas, in the current 

study, images from deserts, tundra, savannah, and a variety of other biomes were included. Urban 

environments included in this study were also diverse, including historical areas and a variety of 

architectural styles. Moreover, there were images of different levels of naturalness (e.g., natural 

areas with a single building, manicured parks, etc.). With the inclusion of diverse settings, the clear 

distinction in restorative components of natural and urban areas might have disappeared, drawing 

a more accurate picture of the perception of outdoor environments.  

 Results from Aim 2 and Aim 3 suggest that naturalness and restorative components are 

related to low-level and scene-level visual features. Importantly, we found evidence that the 
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relationship between naturalness and perceived restorative components might be partially 

mediated by some of the low-level visual features. While previous studies have investigated the 

connection between visual features and naturalness (Berman et al., 2014); to our knowledge, this 

is the first study to show that restorative components are related to a set of visual features and these 

visual features might explain why natural environments have restorative qualities.  

 

Limitations 

This study is not without limitations.  Below, we summarize some of the more salient limitations, 

focusing on threats to construct validity, internal validity, statistical validity, and external validity. 

 

Construct validity. One of the biggest challenges faced by the ART literature is establishing 

metrics with high construct validity to measure restorative components. This issue has several 

implications for our findings. First, in this study, instead of extent, which is the original construct 

proposed by ART, we adopted the terms coherence and scope and used the definitions provided 

by PRS-11. This two-sided definition of extent is based on Kaplan’s (1989) description of the 

construct. We consistently found that coherence had a negative relation with other restorative 

components, unlike previous findings that suggested a positive relationship among all restorative 

components (Berto, 2008). This raises the question of whether coherence and scope are a good 

way to operationalize the extent or whether the items used in PRS-11 have high construct validity.  

Second, our measurements of restorative components and naturalness show mono-

operation bias, meaning that each construct was measured by a single item from PRS-11. For 

example, for coherence, we used the item: “It is easy to see how things are organized in this place”, 

which captures a narrow sense of coherence that emphasizes the explicit order in an environment 
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(e.g., having an explicit awareness that certain elements in the scene are repetitive and orderly). 

Another item in PRS-11 that we did not use in this study is: “In places like this everything seems 

to have its proper place”, which is more suggestive of an implicit sense of order in the environment. 

This item might be capturing the type of coherence that is present in the natural environments and 

that is described by Kaplan & Kaplan (1989). 

A similar threat to construct validity applies to fascination. Specifically, our measurement 

of fascination (i.e., “In places like this my attention is drawn to many interesting things.”) does not 

distinguish between soft-fascination and hard-fascination, which is an important distinction to 

understand restoration. Stimuli that elicit a state of soft-fascination engage attention more gently 

and allow self-reflection. Listening to classical music or watching birds on a tree can capture soft-

fascination. In contrast, hard-fascination grabs attention more aggressively, not allowing the 

individual to reflect. Watching an action movie or walking down a street full of cars and people 

can give rise to hard-fascination. This distinction highlights that not all environments with 

fascinating qualities are restorative (Basu et al., 2018). The definition used in this study focuses 

on the broad constructs of fascination. Therefore, images rated high on fascination are likely to 

represent both soft- and hard-fascination.  

Finally, we used a single self-report method to measure restorative components, which 

constitutes a mono-method bias. Overall, we are cautious to conclude that our measurements of 

restorative components accurately correspond to the constructs proposed by the ART (Kaplan & 

Kaplan, 1989) 

 

Internal validity. Some of the described threats to construct validity also lead to issues with internal 

validity. Specifically, it is possible that the constructs we measured (fascination, coherence, scope, 
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and being-away) were confounded with other qualities of the environment. For example, it is 

possible that the way the fascination is measured refers to more intellectual aspects of 

interestingness. It is even possible that environments with overall visual appeal are rated higher on 

fascination. Such confounding factors apply to other restorative components as well. 

 

Statistical validity. Because we used Amazon Mechanical Turk to collect our data, we had no 

control on the experimental conditions. This might have caused irrelevancies in the setting, such 

as distracting sounds, people, hot weather, to influence participant responses. 

 

External validity. There are two aspects of external validity that relates to current study. First, the 

generalization of our results to all types of environments. Second, generalization of our results to 

different demographics. 

 To what extent do our findings inform us about the relationship between restorative 

components and natural or man-made environments? We consistently found that naturalness, 

fascination, scope, and being-away were positively related to one another; whereas, coherence had 

a negative relation with the other restorative components. Unlike our results, Berto et al. (2008) 

found that coherence was positively related to both naturalness and scope. These differences might 

be due differences in image sets. Moreover, while we made an attempt to include a wide range of 

natural and man-made environments, the image set was still biased towards green nature, with 

only a few images of other biomes. 

Our study sample was limited to English speakers from the USA and India; therefore, not 

representative of all cultures. Differences in the interpretation of the definitions of restorative 
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components might be present in different cultures. Moreover, individual differences such as 

environmental attitudes and preferences might influence ratings.  

 

Future directions 

“A home workshop, a playing field, a performance, even a Main Street might well embody 

[restorative components]” (Kaplan & Kaplan, 1989).  

 

Although Attention Restoration Theory does not stipulate that restorative components exist only 

in nature, restoration literature has largely focused on the restorative effects of nature instead of 

the effects of environmental properties. This is partly because natural environments tend to 

embody restorative qualities and our findings support this (with the exception of coherence). 

However, using natural environments as a substitute for restorative environments is not fruitful if 

we want to understand what makes an environment restorative. In this study, we found that despite 

the positive relationship between naturalness and fascination, the 10 images rated highest on 

fascination were mostly man-made scenes. This discrepancy highlights the importance of going 

beyond the nature-urban dichotomy in understanding restorative components and restoration. To 

expand our understanding of how the environment affects cognitive functioning, several issues 

should be addressed by future investigations of ART. 

 

Types of nature and restorative components. Are all types of nature fascinating or have scope? Do 

all natural environments restore attention? Previous studies addressed how different biomes (Han, 

2007) or tree forms (Lohr & Pearson-Mims, 2006) are related to preference and perceived 

attractiveness. Moreover, findings of Pasini and colleagues (2014) show that images of mountains 

and lakes have different scores of restorative components as measured by PRS-11.  However, to 
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our knowledge, no studies have used a comprehensive taxonomy of biomes and examined their 

relationship to restorative components. Future studies should investigate how different types of 

nature are related to restorative components and compare performance in sustained attention tasks 

when people are exposed to different types of nature.  

 

Creating a taxonomy of restorative components. As was the case for the current study, a challenge 

for future studies is the definition and measurement of restorative components. Qualitative 

analyses we made in the previous parts speak to the complexity of the restorative components. We 

discussed fascination within the definition provided by PRS-11, which emphasizes the number of 

elements in the scene and the visual complexity. However, fascination might not be reducible to 

these two sub-constructs. The only way to confirm the construct validity of fascination and the 

other restorative terms used in this study is to show that they act in a way that is predicted by the 

theory. Therefore, the first priority of future investigations should be identifying images or 

environments that are representative of each restorative component. The ART literature does not 

make specific predictions about how each of these constructs behave, but one possibility is 

measuring how each restorative component is related to cognitive functioning. 

 

Low-level visual features and restorative components. Previous studies showed that low-level 

statistics can predict different types of scenes (Oliva & Torralba, 2001). If, as our results suggest, 

the relation between naturalness and perceived restorative components are partially mediated by 

low-level visual features of nature, the relation between naturalness and actual, measured cognitive 

restoration might also be mediated by such visual features. The question of whether visual features 

are causally related to restorative components, and possibly restorative experiences, remains an 
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important one. Future studies can investigate how experimentally manipulating an image’s low-

level statistics influence judgements about restorative components, naturalness, and attention 

restoration (Schneider & Leitenbauer, 2019).   

 

Scene-level visual features and restorative components. In this thesis, I provided a qualitative 

examination of the scene-level characteristics of images that are representative of each restorative 

component. Future studies should quantitatively study what properties of scenes give rise to 

restorative qualities.  

 

Individual differences. Restoration is a transactive process between the individual and the 

environment (Basu et al., 2018). Consequently, image statistics, which is an objective measure to 

evaluate the characteristics of the environment, might fall short of explaining restorative 

experiences. Future studies should examine the interaction between individual differences and 

image characteristics. For example, connectedness to nature and spirituality have been shown to 

mediate the relationship between nature exposure and psychological well-being (Kamitsis & 

Francis, 2013; Mayer et al., 2009). One study showed that subjects from Japan, Germany, Sweden, 

and the US find different types of environments to be more pleasant (Eisler, Eisler, & Yoshida, 

2003). In another study, frequency of nature visits, but not culture, was associated with 

connectedness to nature (Fränkel, Sellmann-Risse, & Basten, 2019). While culture and experience 

might influence perceptions about the environment, whether or not attention restoration depends 

on such individual differences is open to further investigations.  
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Conclusion 

In this thesis, I examined how restorative components, naturalness, and visual features are related 

to each other. Findings suggest that the nature-urban dichotomy might not provide the explanatory 

power to describe restorative components. Moreover, these are the first findings to show that there 

are underlying visual features of two levels of organization (low-level and scene-level) that give 

rise to restorative components. Future studies should focus on understanding how the perceptual 

features of scenes give rise to restorative experiences that improve cognitive functioning.  
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