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ABSTRACT 

Aiming to find solution to mitigate mental fatigue and a path to promote 

meaningful action (in this case pro-environmental behavior), this true experiment 

employed a 3x3 factorial design with two independent variables: soundscape (natural, 

ambient, urban) and the price difference between new and used products on a mock 

shopping website (large difference, little difference, no difference) as between-

subjects factors. The two dependent variables are attentional function and pro-

environmental behavior within the mock online shopping experience.  

We found main effects of soundscape on attentional function and on pro-

environmental behavior.  Only people exposed to nature soundscape had an 

improvement in attentional function. Participants in the nature condition also had the 

highest pro-environmental behavior score.  Moreover, attentional function mediated 

the relation between soundscape and pro-environmental behavior. The mediation 

effect indicated that by restoring attentional function, soundscape contributed to pro-

environmental behavior.  

The result showed natural stimuli—in this case auditory—can play a key role 

in promoting not only attention restoration but also environmentally responsible 

behavior. These results are consistent with the Supportive Environments for 

Effectiveness (SEE) model where being effective can transfer to meaningful action. 

Future studies should be more mindful of the connection between the nature, attention 

restoration, and responsible behavior, and extend the connection beyond the laboratory 

setting, e.g., workplace, educational environments, and even senior living setting. 

Furthermore, current studies of SEE examined either attentional function or mood as 
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the mediator between natural stimuli and meaningful action. Future studies ought to 

examine attentional function and mood together to better understand the potential 

contribution of each element in promoting meaningful action.  
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Chapter 1 

INTRODUCTION 

Mental fatigue is a state of discomfort and reduced effectiveness that usually 

follows intense attentional effort (Kaplan, 1987). Doing mentally challenging work 

requires directed attention. Directed attention requires effort, plays a central role in 

achieving focus, is under voluntary control, and controls distraction through the use of 

inhibition (Kaplan, 1995). When people are doing mentally effortful activities such as 

acquiring, managing, delivering, and remembering information, effort is required.  

Even when people are doing work they enjoy for long hours, their directed attention 

becomes depleted.  When people are mentally fatigued, they need to engage in 

restorative activities to replenish attentional resources (Kaplan, 1995).  

Mental fatigue or “attentional fatigue” manifests as a decline in a) 

effectiveness in activities requiring directed attention, and b) speed, accuracy, or 

ability to sustain performance on tasks that require inhibition of competing or 

distracting stimuli (Cimprich, 1990). In a laboratory setting, researchers have observed 

deterioration in both accuracy of a proofreading task and time spent on an insolvable 

puzzle under attentional fatigue conditions (Mackworth, 1948; Cohen & Spacapan, 

1978). Because attentional fatigue is cumulative, the effects in real life might be 

delayed and manifest as a deficit in subsequent activities that require directed 

attention. For example, Cohen and Spacapan (1978) showed that individuals who 

performed a task that required a high level of directed attention subsequently exhibited 

less persistence in problem-solving than participants who performed a less 

attentionally demanding task. Furthermore, persistence in problem-solving declined 
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even more when individuals were asked to perform the attention-demanding task for 

longer durations. Glass and Singer (1972) found that participants who performed 

attentionally demanding tasks while trying to block out environmental distraction (i.e., 

noise) showed significant impairment in attentional measures (Stroop task and proof-

reading task) compared to subjects in a quiet environment. Similarly, Rotton and 

colleagues (1978) found a decline in persistence in problem-solving among 

participants who had meaningful speech as a distracting background stimuli while 

performing a numbering task. Lastly, Jahncke and colleagues (2011) found a 

significant main effect of noise on memory span. Participants who were exposed to 

higher noise level during work had a worse performance in remembering text than 

those who were exposed to lower noise level. In addition to experiencing impaired 

performance on attentional measures, people are more likely to be irritated or 

aggressive when attentionally fatigued (Warm & Dember, 1986; Cimprich, 1990)  

Mental fatigue may also lead to irresponsible or antisocial behavior that 

ultimately may contribute to social issues. Behaving responsibly—whether in a 

workplace, within a relationship, or in society in general—requires self-regulation or 

self-discipline, a mechanism involving the capacity to control impulses and resist 

temptation (Baumeister & Vohs, 2004). Self-regulation, like attentional function, 

relies on finite cognitive resources and is vulnerable to deterioration over time from 

repeated exertions (Baumeister et al., 1994; Baumeister et al., 2007). When the 

resource is depleted and a person is mentally fatigued, they are less able to self-

regulate. Self-regulatory resources underlie a wide range of behaviors across a variety 

of domains, including overeating, procrastination, impulsive buying, and intellectual 
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underachievement (Vohs & Faber, 2007). For example, von Hippel and Gonsalkorale 

(2005) examined the the role of inhibition in social behavior under different levels of 

directed attention. The Stroop test was completed by all participants to provide a 

measure of individuals’ baseline inhibitory capacity. Afterward, they were separated 

into two attentional conditions. One group worked on remembering an eight-digit 

sequence while the other group did not. Next, participants were asked to eat a chicken 

foot, which was not visually appealing but is a national delicacy in the researcher’s 

homeland. Results indicated that participants who were mentally fatigued were more 

likely to make the socially inappropriate response by refusing to eat the delicacy than 

participants who were not mentally fatigued. The act of inhibition is a form of self-

regulation as it involves controlling impulses. Von Hippel and Gonsalkorale’s (2005) 

study illustrates that when people are mentally fatigued, they are more likely to lose 

self-control and display antisocial behavior.  

As studies demonstrated that mental fatigue can lead to deterioration of both 

cognitive function and self-regulation, researchers began to consider if cognitive 

function and self-regulation share a common resource. Kaplan and Berman (2010) 

suggest that both self-regulation and attentional functioning draw on a finite resource 

that can be depleted: directed attention. In order to demonstrate that self-regulation 

and the completion of cognitive tasks draw on the same resource, Kaplan and Berman 

examined past literature that demonstrated when people “spend” the finite resource on 

one task, they are likely to perform poorly on another.  For example, Baumeister and 

colleagues (2007) examined the aftereffect of self-regulation (operationalized by 

resisting “junk food” (chocolate chip cookies) and eating a healthy alternative 
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(radishes). In the laboratory, both cookies and radishes were displayed on a table, 

participants were assigned to eat either only radishes or only cookies and to resist the 

temptation of the other. Participants who were assigned to the healthy food condition 

persisted less in solving unsolvable puzzles, felt more fatigued, and had more desire to 

quit than subjects who were assigned to eat cookies. As hypothesized, the result 

showed that participants who spent their finite directed attention on self-regulation 

(resisting the cookies) did poorly in cognitive tasks. Similarly, Schmeichel and 

colleagues (2003) found that participants who executed self-regulation by stifling 

emotional distress did poorly on the subsequent attentionally-demanding task 

operationalized by taking the graduate record examination. Both of these studies 

showed that when people spent their cognitive resource to self-regulate, their 

effectiveness in completing tasks that require attentional function is subsequently 

reduced.  

Additional support for the idea that attentional functioning and self-regulation 

share a common resource comes from neuroimaging studies, which Kaplan and 

Berman (2010) describe. In Posner and colleagues’ (2007) study they pointed to 

evidence that the control of cognition and emotion regulation are heavily reliant upon 

the anterior cingulate cortex. The localization of both tasks in one area in brain is 

consistent with the idea that attentional function and self-regulation rely on same pool 

of resource.  Based on these studies showing that attentional functioning and self-

regulation depend on a finite resource, the heavy demand of one function reduces the 

effectiveness of another, and both are heavily reliant upon the same region of the 
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brain, Kaplan and Berman (2010) concluded that there is a common resource pool for 

both attentional function and self-regulation and these resources are finite.  

Attention Restoration Theory 

Kaplan and Berman (2010) establish that both cognitive function and self-

regulation draw on directed attention. Directed attention is, thus, a key ingredient to 

human effectiveness and social responsibility. The depletion of directed attention, the 

state of mental fatigue, is a direct contributor to human error and anti-social behavior. 

The restoration of effectiveness is linked to recovery from directed attention fatigue. 

According to Attention Restoration Theory (ART), recovery from directed attention 

fatigue requires an alternative mode of attending that renders the use of directed 

attention temporarily unnecessary (Kaplan, 1995). Attention restoration theory builds 

on two distinct modes of attention: involuntary attention and directed attention.  

Involuntary and Directed Attention 

William James (1892) proposed that attention is separated into two 

components: involuntary attention and voluntary or directed attention. Involuntary 

attention is captured by inherently intriguing or important stimuli, and directed 

attention is directed by top-down, cognitive-control processes (Berman et al., 

2008). Involuntary attention is relatively effortless, it draws on our attraction to 

fascinating stimuli without requiring sustained effort or conscious control (Basu, et al., 

2018). On the other hand, using directed attention is effortful (Basu et al., 2018). 

Examples to differentiate involuntary attention from directed attention are watching a 

waterfall versus watching (paying attention to) a presentation during a lecture. The 

two attentional modes can be thought as two separate systems that are complementary 
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to each other; they often operate in parallel (Basu et al., 2018). The attention 

restoration mechanism proposed by ART depends on engaging the involuntary 

(bottom-up) attention, so the finite directed attention can rest and replenish.  

Attention restoration and nature  

According to ART, natural environment is an ideal place to restore depleted 

directed attention. Nature’s ability to moderately hold one’s attention while leaving 

sufficient headspace for reflection permits the mental space necessary to address 

lingering, unresolved thoughts that could otherwise be a drain on attentional resources. 

“Interacting with environments rich with inherently fascinating stimuli invoke 

involuntary attention modestly, allowing directed-attention mechanisms a chance to 

replenish” (Berman, Jonides, & Kaplan, 2009, p. 1). After interacting with natural 

environments, one will be able to focus more effectively on tasks that require directed 

attention. There is a large body of work that shows that natural environments (e.g., 

parks in cities, backyard gardens, and nature trails) can be restorative to attentional 

function (Hartig et al., 1991; Tennessen & Cimprich, 1995; Kuo, Bacaicoa & Sullivan, 

1998; Kuo, 2001; Laumann, Gärling, & Stormark, 2003; Wells & Evans, 2003; 

Berman, Jonides, & Kaplan, 2008; Felsten, 2009; Berman et al., 2012; Li & Sullivan 

2013; Bratman et al., 2015). 

ART and Natural Environments: Immersing in a natural setting 

Researchers have tested ART by examining the restorative effect of being in a 

natural setting. Hartig and colleagues (1991) studied nature’s restorative effect through 

different vacation destinations. Participants went on either a backpacking trip in 

nature; a non-wilderness trip (e.g., car touring, visits to family/friends, and sightseeing 
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trips); or a stay-at-home vacation. All groups were roughly equivalent at the 

proofreading task at baseline,. All groups were roughly equivalent at the proofreading 

task at baseline, before vacation. However, performance of the backpacking group 

improved in the second proof-reading task while other two groups’ performance 

declined.  The study showed that interacting with nature for a long period of time has 

restorative effect on attentional function. Subsequently, researchers considered 

whether immersing in a natural setting for a brief period also has a restorative effect 

on cognitive function. Berman, Jonides, and Kaplan (2008) compared how relatively 

brief time spent in nature and in urban areas would affect participants’ cognitive 

performance as measured by the backward digit span task. Participants were randomly 

assigned to take a 50-minute walk in nature or in an urban setting in Ann Arbor, 

Michigan. The results, consistent with Attention Restoration Theory, indicate that 

nature improved directed attention performance. Replicating Berman and colleagues’ 

study in a different geographic location, Bratman and his colleagues (2015) asked 

participants to complete cognitive function pre-test, go on a 50-minute walk in a 

natural or in an urban setting in Stanford, California, and then conducted several post-

tests on cognitive function. Again, the result showed that a nature walk has a positive 

effect on cognitive function.  

ART and Natural Environments: Nature view through a window  

Another way to access the natural environment is through a window.  Kuo 

(2001) was interested in the effect of a nature view within public housing in inner-city 

Chicago among residents faced with poverty, public safety threats, and myriad life 

challenges. Specifically, Kuo studied the window view of trees and grass as a medium 
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in restoring the attentional resources that are likely to be depleted in the struggle 

against poverty. One group of participants had views nature, and the other group did 

not. Female heads of household who live in the public housing with natural views 

demonstrated reliably better performance on measures of attention (digit span 

backwards). Furthermore, the residents with natural views were more effective in 

management of their major life issues. Kuo tested whether attentional function 

mediated the nature-effectiveness relationship. The result showed a full mediation 

effect. Kuo’s (2001) study not only showed the window view of nature has a positive 

restorative effect on attentional function, but also by restoring attentional functioning, 

natural view contributed to participants’ effectiveness in self-regulation and 

management. In a same setting, Faber Taylor, Kuo, and Sullivan (2002) studied 

children. They examined the effect of near-home nature on concentration and self-

discipline among inner city children age 7-12 years. The amount of nature seen 

through the apartment window was rated by children participants’ mothers. Girls’ 

attentional focus or concentration was positively associated with near-home nature. 

Concentration was measured through the combination of measures (i.e., digit span 

backward, Necker cube pattern control, alphabet backward, and symbol digit 

modalities). Similarly, girls’ self-discipline increased as the amount near-home nature 

increased. This study provides further support to the idea that attentional functioning 

and self-regulation rely upon the same attentional resource.  

Examining ART in another setting, Li and Sullivan (2016) were interested in 

the effect of nature window view on attentional function within the high school 

environment. Classrooms with: no window, a window with the view of another 
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building, or a window with a nature view were compared.  All participants underwent 

the Tier Social Stress Task (Li & Sullivan, 2016) to mimic classroom activity and 

induce mental fatigue. After the task, they were given a 10-minute break while 

remaining seated in the classroom. For the final task, they completed digit span 

backward and digit span forward tasks. Participants in the room with the green view 

showed significantly better attentional function than those in the no window setting 

and the view to a built space setting. Overall, students in the green window view 

condition performed better in attention restoration compared to students in the built 

space condition (Li & Sullivan, 2016). However, there was no significant difference in 

attentional function between the no window and the window open to a built space 

group. Taken together, these studies demonstrate the restorative effect of a natural 

window view on cognitive function. 

ART and Natural Environments: Nature through imagery  

In addition to the real natural scenes, researchers have examined the effect of 

‘virtual’ nature on attentional function. For example, Berto (2005) was interested in 

whether a view of natural imagery could improve performance on an attentional task. 

All participants completed a computer-administered mentally fatiguing task, Sustained 

Attention to Response Test (“SART” (Berto, 2005). They were then seated in front of 

a computer to view either natural or urban scenes. After viewing 25 pictures (15 

second each), both groups completed the attentional task again. Participants in the 

natural imagery group had a faster reaction time and performed better at the attentional 

functioning task than participants in the urban imagery group.  
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The fact that these studies—examining walks in nature, views of nature, and 

virtual nature— all found a positive relationship between nature and attentional 

function through different modes of interaction with nature provides support for 

attention restoration theory. It is time to synthesize the theory into application to 

understand how nature could benefit not only attentional restoration, but also 

behavioral regulation.  

Attentional Needs in Contemporary Society 

Taking care of our attentional needs is important for people to navigate 

through daily workloads and challenges that demand cognitive function. Many 

activities, driven by the capacity of online media, are extremely costly with respect to 

directed attention. Constantly tracking and replying to emails, attending to text 

messages from several conversations, and readings on tiny computer screens all take 

effort and drain the finite resource of directed attention. The COVID-19 pandemic has 

compelled the world to adapt to virtual working modes. Zooming for meetings and 

classes, attending virtual cocktail gatherings, and arranging virtual meetings are all 

additional efforts that drain the finite resource, attention. It is essential to incorporate 

restorative opportunities throughout these effortful activities to avoid unnecessary cost 

of expending directed attention, mental fatigue.  

Supportive Environment for Effectiveness 

As suggested earlier and demonstrated by von Hippel and Gonsalkorale’s 

(2005), Faber Taylor, Kuo, and Sullivan’s (2002), and by Kuo’s (2001) studies 

attentional restoration not only helps people to focus and block out distractions, but it 

also helps us to behave responsibly—by resisting temptation, exercising restraint, and 



 

  11 

employing self-regulation (Kaplan & Berman, 2010). The natural environment has a 

restorative effect on directed attention and helps to improve people’s effectiveness in 

attentional function. Since cognitive tasks and self-regulation rely on the same 

resource, perhaps the nature environment can also nurture responsible behavior. 

“Reasonableness” addresses the issues that help or hinder us in being civil and 

sociable to others, respecting and cooperating with others (Basu et al., 2018).  One 

theme explored in this thesis is the notion that by restoring attentional capacity, and 

bolstering effectiveness, natural stimuli may foster responsible behavior that make a 

difference on societal level. 

To connect the dots between human effectiveness and positive societal action, 

Stephen and Rachel Kaplan (2003) developed the Supportive Environment for 

Effectiveness (SEE) model. The SEE model (originally known as the “Reasonable 

Person Model” or “RPM”) posits that people are more likely to be at their best and to 

behave reasonably when the environment supports their basic informational needs 

(Kaplan & Kaplan, 2003; Kaplan & Kaplan, 2009; Kaplan & Basu, 2015). SEE has 

three domains: model building, being effective, and meaningful action (Figure 1). 

Model building addresses our need to understand and explore information. Mental 

models allow us to store, process, and manipulate past experience. They enable us to 

navigate both physical spaces and conceptual domains.  When people encounter a new 

experience, they can employ their mental model or “cognitive map” built from past 

experiences, to make predictions of possible action. While mental models code our 

past experience, the domain of being effective speaks to our needs to use information 

competently. Doing so requires people to have a plenty of attentional resources to 



 

  12 

efficaciously navigate the world around us which requires time in nature to restore 

cognitive capacity. The third domain, meaningful action, stresses the need to use our 

knowledge to participate and to do things that will make a difference. The three 

domains are interdependent on each other. For this thesis, the interest is on the relation 

between human effectiveness (also referred to as “being capable”)—which is 

enhanced by the restoration of attentional capacity via nature exposure—and the 

possibility of meaningful action.  

 

Figure 1 Supportive Environments for Effectiveness (SEE) domains of 

informational needs.  (Note: This image was downloaded from redirect.com) 

Being effective (or “being capable”) refers to humans’ need to process 

information competently and more broadly, to have a sense of mastery in our tasks. In 

21st century, we have access to an unlimited amount of information online. However, 

the human brain is not a computer processing unit. Processing abundant information, 

with insufficient attentional restoration, can undermine human effectiveness and the 

ability to self-regulate. In a state of directed attention fatigue, the human brain is less 
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effective, people feel irritated, mentally fogged, and distracted. In this state, we lose 

the capacity to focus and concentrate. Therefore, it is important to acknowledge the 

human need to restore and replenish limited attentional capacity in order to sustain 

effectiveness.  

While attending to our attentional needs is essential for achieving 

effectiveness, it has additional benefits (Basu et al., 2018). As discussed earlier, the 

same resource that allows people to focus and perform effectively, also facilitates self-

regulation and enables people to resist temptation (Berman & Kaplan, 2010; Taylor, 

Kuo & Sullivan, 2002). Self-regulation allows people to behave in a respectful, 

socially responsible way (von Hippel & Gonsalkorale, 2005) and possibly “do the 

right thing” to make a meaningful difference in the world.  

Meaningful action is the third element in the SEE model. SEE’s third domain 

encompasses the need for opportunities to participate, to do things that matter, to be 

part of what is going on in the world around us (Basu & Kaplan, 2015). Meaningful 

action could be expressed in various ways. Some meaningful acts could be small and 

not noticeable by us or others, and others can be transformational to the world. 

However, all these actions share the characteristic of belonging to and serving a 

purpose that is bigger than ourselves (Basu et al., 2018).  The action can be small or 

big, it could range from helping your neighbors build a meditation garden, to 

participating in a non-profit organization to help the world. For this thesis, the interest 

lies on the pro-environmental actions that contribute to the protection of our planet’s 

resources. 
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The SEE model posits a path that leads people to meaningful action through 

building a model to help people make predictions and sustaining our attentional 

function to be effective in processing information.  Attention restoration theory plays a 

key role in the SEE model by tending to people’s attentional capacity. As mentioned 

earlier, the natural environment is an ideal place to restore depleted directed attention. 

There is a plethora of studies on the restorative effect of nature through visual stimuli 

(Tennessen & Cimprich, 1995; Kuo, 2001; Bacaicoa & Sullivan, 1998; Kuo, 2001; 

Taylor, Kuo & Sullivan, 2002; Laumann, Gärling, & Stormark, 2003; Hartig et al., 

2003; Wells & Evans, 2003; Berman, Jonides, & Kaplan, 2008; Felsten, 2009; 

Berman et al., 2012; Li & Sullivan 2013; Bratman et al., 2015). However, relatively 

few studies have explored the possible role of soundscape in the restoration of 

attention.   

Natural soundscape  

Soundscape could also play a role in restoring attentional capacity among 

people who are mentally fatigued. Audio stimuli are easily accessible through online 

platforms (e.g., YouTube, Calm, Headspace, etc). While relatively few studies have 

examined the effects of nature sounds on attention, some researchers have examined 

the effects of nature on other outcomes.  One example is Jiang and colleagues (2021) 

study which examined the effect of different auditory-visual combinations—not on 

attention restoration—but on mood change. Listening to natural soundscape yielded 

the most the positive change in mood while listening to traffic soundscape yielded the 

most negative change in mood. However, not all nature sounds are regarded equally. 

Among natural soundscape studies, birdsongs have been extensively studied. Bradley 
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and Lang (2007) measured the 167 sound clips based on pleasure and arousal. They 

found that among natural soundscapes, birds singing, water flowing, and the wind 

blowing gently were rated more pleasant than animals’ growling. Moreover, Björk’s 

(1986) found that lapwings and gulls are perceived to be less pleasant among bird 

species, as measured by skin conductance level.  

The extant studies described here suggested that nature sounds are a broad and 

complicated category. Even though the general perception is nature sounds are 

pleasant, there is variation depending on the type of sounds and even source. For 

example, people perceive different bird species’ songs very differently, gull’s song is 

perceived as less pleasant than sparrows (Ratcliffe et al., 2016). In order to evaluate 

sound’s restorative effect, it is important to use the sound types that are perceived to 

be pleasant, as determined by past studies. 

Soundscapes and Perceived Restoration 

Natural sounds, particularly birdsong, water flowing, and wind blowing are 

rated more pleasant than urban soundscape.  It is critical to understand if natural 

sounds have a potential attentional restoration benefit. Ratcliffe and her colleagues’ 

(2016, 2020, & 2021) found variation within a single category (birdsong and bird call) 

with regard to perceived restoration. Adapting a scale from Staats, Kieviet & Hartig 

(2003), Ratcliffe and colleagues (2016) asked participants to rate the likelihood that 

birdsong helps them recover from mentally fatigued scenarios such as “You have been 

working very hard recently” (Ratcliffe et al., 2016, p. 138). Results indicated that 

songbirds were qualitatively and quantitively regarded as more pleasant than birds that 

make noisy and rough calls. Specifically, the songs of crows, gulls, parrots, ravens, 
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and lapwing were perceived to have less restorative effects, whereas the song of 

sparrows, owls, pigeons, dunnock, and blackbirds were rated to have higher perceived 

restorative effects (Ratcliffe, Gatersleben, & Sowden, 2016). Along the same lines, 

Zhao and his colleagues (2020) confirmed Ratcliffe and her colleagues’ findings by 

revealing that crow sounds are perceived as less restorative than woodpeckers and 

sparrows in China. Lastly, Hedblom and his colleagues (2016) discovered the 

combination of bird songs is perceived to be more pleasant than the song of one single 

species. These studies gave us in-depth overview of the effect of different types of 

auditory stimuli on perceived restoration. However, relatively few studies have 

examined the effect of soundscape on the actual (rather than perceived) restoration of 

attentional function.  

Soundscapes and Attentional Restoration 

Van Hedger and colleagues (2019) compared the effect of natural soundscapes 

(sound of birdsong, moving water, insects, and wind) to urban soundscapes (sound of 

traffic, unintelligible speech, and machinery). Participants showed an increase in 

working memory (measured by backward digit span task (DSB)) after listening to 

natural soundscape. Shu and Ma (2019) examined the natural soundscape’s attentional 

restorative effect on children (8-12 years old) compared to classroom ambient noise in 

a VR classroom setting. Students had better attentional recovery when they were 

exposed to a 3-minute natural soundscape (birdsong, fountain sound, and stream 

sound) compared to ambient noise (as measured by DSB and the sustained attention to 

response test (SART)). 



 

  17 

Literature regarding the restorative effect of natural soundscape described 

above suggests that natural sound can generate a restorative effect on cognitive 

function. However, due to the limited number of studies, the restorative effect of 

auditory stimuli is less clear than visual stimuli. For this thesis, we want to expand our 

understanding of the effect of soundscape on attentional restoration. 

Economic Incentive 

As this study focused on pro-environmental behavior, it is crucial to 

acknowledge external factors that influence people’s decision to do good. In Kollmuss 

and Agyeman’s (2002) literature review on the motivations and barriers of pro-

environmental behavior, they discussed institutional factors, social and cultural 

factors, and economic factors. Institutional factor refers to necessary infrastructure or 

platform (e.g., recycling center, public transit, etc.,). Many pro-environmental 

behaviors could only take place if these infrastructure or services are established. 

Social and cultural factors refer to how the cumulative culture people experience 

during childhood and adulthood can influence people’s pro-environmental behavior.  

Economics are also a strong influence on people’s decisions and behavior 

(Kollmuss & Agyeman, 2002) and has gained considerable importance in policy 

approaches for targeting the environmental crisis (Rode et al., 2015). People may be 

more likely to act pro-environmentally if there is an economic incentive present. 

However, the downside of weighing economic factors too heavily is that financial 

incentives could crowd out the intrinsic motivation to protect the environment (Deci & 

Ryan, 2013). Frey (1992) argued that the loss of motivation might outweigh the short-

term stimulating effect of monetary stimulus and reduce people’s tendency to act pro-
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environmentally overall. The second downside of weighing in too much economic 

factor is it will undermine the long-term durability of the positive behavior (DeYoung, 

2000).   Empirical evidence shows that behavior typically returns to baseline when a 

monetary reward is no longer present (Abrahamse et al., 2005). While the current 

study focuses on the potential effects of nature soundscapes on being effective 

(cognitive functioning), and considers whether effectiveness can transfer to 

meaningful action, we also acknowledge the potential relevance of external economic 

factors that may also affect behavior.  

HYPOTHESES 

The purpose of the current study is to examine if auditory stimuli affect 

cognitive functioning (effectiveness) (H1). Furthermore, we seek to understand if 

being effective is associated with meaningful action measured via pro-environmental 

behavior (H2); and whether effectiveness mediates the relation between soundssape 

and pro-environmental behavior (H3).  We also examine the potential role of price 

difference as a moderator of these relations (H4).  Four hypotheses were examined, 

and illustrated in Figure 2.  

H1: Soundscape (i.v.1) (natural, ambient, and urban) will have a main effect 

on attentional function (d.v.1). Natural soundscapes (more than urban and ambient 

soundscapes) will restore attentional functioning as operationalized by backward digit 

span task. 

H2: Soundscape will have a main effect on people’s environmentally 

responsible behavior (d.v.2).  Specifically, natural soundscapes (more than urban and 

ambient soundscape) will be associated with  
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[a] more environmentally positive shopping behavior (i.e. buying fewer items 

and buying used, rather than new, items) on a mock shopping website; and  

[b] with higher future pro-environmental intent. 

H3: The effect of soundscape on students’ environmentally responsible 

behavior will be mediated by the restoration of attentional function. 

H4: The effect of soundscape on students’ environmentally responsible 

behavior depends upon (i.e., is moderated by) the price difference between new and 

used items (I.V.2). Specifically, if the price difference between new and used items is 

greater, the effect of soundscape on students’ environmentally responsible behavior 

will be stronger. If there is no price difference between new and used items, the effect 

of soundscape on students’ environmentally responsible behavior is weaker.  

 
Figure 2 Diagram of Hypotheses   
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Chapter 2 

METHOD 

This study was a true experiment with a 3 by 3 factorial design. The two 

independent variables, soundscape type and price difference (for new v. used items), 

were both active variables and are between-groups (Table 1). Soundscape was 

manipulated by randomly assigning participants to listen to either natural, ambient, or 

urban environment sounds. The second independent variable, price difference was 

manipulated by randomly assigning participants to browse a mock clothing website 

with either significant (50%), little (20%), or no (0) price difference between new and 

used items.  

Table 1 Three by Three Factorial Design 

Soundscape type \  

Price Difference 

Price Difference High  Price Difference Low  No Price 
Difference 

Natural NP1, n=22 NP2, n=23 NP3, n=22 

Ambient AP1, n=22 AP2, n=22 AP3, n=22 

Urban UP1, n=22 UP2, n=22 UP3, n=22 
 

Note. NP1: Natural soundscape, Price Difference Significant, NP2: Natural 

soundscape, Price Difference Little, NP3: Natural soundscape, No Price Difference, 

AP1: Ambient soundscape, Price Difference Significant, AP2: Ambient soundscape, 

Price Difference Little, AP3: Ambient soundscape, No Price Difference, UP1: Urban 

soundscape, Price Difference Significant, UP2: Urban soundscape, Price Difference 

Little, UP3: Urban soundscape, No Price Difference. 
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The two dependent variables were cognitive performance and pro-

environmental behavior. This study also collected participants’ demographic data such 

as age, gender, income, monthly clothing expense, mode of purchase, and pro-

environmental attitudes (new ecological paradigm) in the demographic survey before 

the experiment and recorded for further analysis.  

Participants 

Participants (n=199)1 were recruited via “SONA” the University’s student 

research participation pool run through the Psychology Department, and through 

flyers, and word of mouth. All participants were 18 years old or older, currently 

enrolled students who resided in Ithaca, New York.  

As summarized in Table 2, 42.2% of participants were 18-20 years old (n=84), 

35.7% of participants were 21-23 years old (n=71), 6% of participants were 24-26 

years old, 9% of participants were 27-30 years old, with 7% of participants 31 years 

and older. Seventy-one percent (70.9%) of participants were undergraduate students 

(n=141), with 15.6% master’s students (n=31) and 13.6% were PhD students (n=27). 

Three quarters (75.4%) of total participants were female (n=150), 22.1% were male 

(n=44), and 5 participants (2.5%) third gender or non-binary or prefer not to say. The 

distribution for gender, age, education level, demographic background, income, and 

monthly clothing expenditure—for the entire sample and for each of the three 

soundscape conditions—can be found in Table 2.   

 
1 Power analysis indicated a sample size of 198 (22 in each of the nine conditions) is needed to reach a 
power of 0.8 with an alpha level of 0.05, assuming medium effect size (f=0.25) (Cohen, 1988).  
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Table 2 Demographic Information  
  Soundscape condition 
Variable Total sample  

N=199 
Natural  
n=66 

Ambient 
n=66 

Urban  
 n=67 

Gender  
   Female 
   Male 
  3rd gender/ non-binary 

n (%) 
150 (75.4) 
44 (22.1) 
5 (2.5) 

n (%) 
49 (72.4) 
15 (22.7) 
2 (3.0) 

n (%) 
46 (69.7) 
18 (27.3) 
2 (3.0) 

n (%) 
55 (82.1) 
11 (16.4) 
1 (1.5) 

Age (years) 
   18-20 
   21-23 
   24-26 
   27-30 
   31+ 

n (%) 
84 (42.2) 
71 (35.7) 
12 (6.0) 
18 (9.0) 
14 (7.0) 

n (%) 
26 (39.4) 
25 (37.9) 
4 (6.1) 
7 (1.1) 
4 (6.1) 

n (%) 
31 (47.0) 
20 (30.3) 
4 (6.1) 
8 (12.1) 
3 (4.5) 

n (%) 
27 (40.3) 
26 (38.8) 
4 (6.0) 
3 (4.5) 
7 (10.4) 

Education 
   Undergraduate 
   Master’s student 
   PhD student 

n (%) 
141 (70.9) 
31 (15.6) 
27 (13.6) 

n (%) 
47 (71.2) 
10 (15.2) 
9 (13.6) 

n (%) 
46 (69.7) 
11 (16.7) 
9 (13.6) 

n (%) 
48 (71.6) 
10 (14.9) 
9 (13.4) 

Income 
   $0-9,999 
   $10,000-19,999 
   $20,000-29,999 
   $30,000-39,999 
   $40,000-49,999 
   $50,000-59,999 
   $60,000-69,999 
   $70,000-79,999 
   $80,000-89,999 
   $90,000-99,999 
   $100,000+ 

n (%) 
78 (39.2) 
53 (26.6) 
27 (13.6) 
18 (9.0) 
6 (3.0) 
3 (1.5) 
2 (1.0) 
0 (0.0) 
5 (2.5) 
3 (1.5) 
4 (2.0) 

n (%) 
32 (48.5) 
13 (19.7) 
12 (18.2) 
3 (4.5) 
2 (3.0) 
0 (0.0) 
0 (0.0) 
0 (0.0) 
4 (6.1) 
0 (0.0) 
0 (0.0) 

n (%) 
24 (36.4) 
20 (30.3) 
6 (9.1) 
7 (10.6) 
4 (6.1) 
1 (1.5) 
2 (3.0) 
0 (0.0) 
0 (0.0) 
1 (1.5) 
1 (1.5) 

n (%) 
22 (32.8) 
20 (30.0) 
9 (13.4) 
8 (11.9) 
0 (0.0) 
2 (3.0) 
0 (0.0) 
0 (0.0) 
1 (1.5) 
2 (3.0) 
3 (4.5) 

Geographic background 
   Urban / inner city / metro 
   Small city 
   Suburban 
   Rural/ farming community 

n (%) 
84 (42.2) 
21 (10.6) 
88 (44.2) 
6 (3.0) 

n (%) 
34 (51.5) 
7 (10.6) 
24 (36.4) 
1 (1.5) 

n (%) 
23 (34.8) 
7 (10.6) 
35 (53.0) 
1 (1.5) 

n (%) 
27 (40.9) 
7 (10.4) 
29 (43.3) 
4 (6.0) 

Purchasing mode 
   % Online 
   % In-store 
   % Hybrid  

n (%) 
44 (22.1) 
10 (5.0) 
145 (72.9) 

n (%) 
15 (22.7) 
2 (3.0) 
49 (74.2) 

n (%) 
12 (18.2) 
6 (9.1) 
48 (72.7) 

n (%) 
17 (25.4) 
2 (3.0) 
48 (71.6) 

Clothing expenditure / mo. 
   $50 and below 
   $50-99 
   $100-249 
   $250-499 
   $500+ 

n (%) 
68 (34.2) 
71 (35.7) 
45 (22.6) 
10 (5.0) 
5 (2.5) 

n (%) 
21 (31.8) 
29 (43.9) 
10 (15.2) 
5 (7.6) 
1 (1.5) 

n (%) 
21 (31.8) 
20 (30.3) 
23 (34.8) 
1 (1.5) 
1 (1.5) 

n (%) 
26 (38.8) 
22 (32.8) 
12 (17.9) 
4 (6.0) 
3 (4.5) 
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Apparatus/Setting 

This experiment took place on campus in a laboratory setting. All soundscapes 

were played through a MacBook speaker (or integral audio system in the room). 

Participants used a laptop to browse a mock website (Figures 3 and 4). While 

participants browsed the website and made purchasing decisions, the computer screen 

was recorded to document participants’ purchasing decisions. (No facial data or 

identifying data were recorded during this process).  

 

Figure 3 Mock website main page  
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Figure 4 Mock website clothing selection  

Constructs & Measures 

Independent variables 

Soundscape: the independent variable, soundscape, comprises three audio 

recordings (natural, urban, and ambient sounds). These continuous recordings are 

natural2 sounds such as birds’!twittering in the trees and some wind (recorded in 

Camborne, Cornwall, England), urban3 sounds including the general hum of people 

chatting, walking, and laughing, vehicle running and honking horns, and construction 

work sounds (recorded in Tokyo, Japan), and ambient sound4 general 

indistinguishable quiet background sound, air conditioning, people passing by, 

chatting, typing, and some natural sound like wind blowing (recorded in an office 

 
2 https://www.youtube.com/watch?v=rYoZgpAEkFs&t=1401s&ab_channel=PaulDinning 
3 https://www.youtu.be/_dWyKj789JM 
4 https://www.youtube.com/watch?v=YF3pj_3mdMc&t=8645s&ab_channel=NomadicAmbience 
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setting). The volume of all audio recordings was normalized to a comfortable listening 

level at approximately 70 dB (van Hedger et al., 2018).  

Price Difference: the second independent variable, price difference, refers to 

the difference in price between the new and used clothing items presented on a mock 

shopping website.  The three conditions are: significant price difference (the price of 

used item is 50% the price of new item); little price difference (the price of used item 

is 80% the price of new item); and no price difference (new and used items have the 

same price). Price point, and clothing categories conditions can be found in Table 3.  

Table 3 Conditions for Clothing Price Difference (Sweater & Fleece) 

Scenario New Used 

Price Difference Significant $100 $50 

Price Difference Little $100 $80 

No Price Difference $100 $100 

 

Dependent Variables 

Attentional Function: the dependent variable, attentional function, was 

measured using a digit span task (DST). DST is a behavioral measure of working 

memory capacity, the cognitive ability to store and manage information. In this study, 

a backward-span task (DSB) was adopted, as in Berman and colleagues’ study (2008). 

Participants hear digit sequences and were asked to write answers in backward order. 

For example, they hear “3 – 7 – 9” and they write “9 – 7 – 3.” Sequences are three to 

nine digits in length and increase in length as task progresses. Correct sequences were 
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scored independently regardless of the sequence length, with a maximum score of 

fourteen (seven-digit lengths times two repetitions of each length). The backwards 

digit-span task depends on directed-attention capacity because participants must move 

items in and out of their attentional focus (Berman et al., 2008). Participants were 

asked to complete the DSB after they are mentally fatigued (pre-test), and again after 

the restoration (post-test). The difference between post-test and pre-test were used to 

measure the restored attentional function.  

Pro-Environmental Behavior: To measure the second dependent variable, 

pro-environmental behavior, we asked participants to make purchasing decisions on a 

mock online shopping website. The mock website is based on Patagonia"s second-

hand store, wornwear.patagonia.com. Thirty unisex clothing items were selected (six 

for sweaters and fleece category, six for parka and coat category, six pants, six 

accessories, and six for the gear and backpack category). Participants were asked to 

select one to two items from each of the five categories and choose to buy it as new or 

used. Thus, they were required to “purchase” at least 5 items and no more than 10 

items, each of which could be new or use.  Pro-environmental behavior was 

operationalized in three ways, with lower numbers indicating higher pro-

environmental behavior.  The first measure is a) Number of Items Purchased, the total 

number of clothing items selected for purchased (new and used items combined) 

(possible range 5-10); b) percentage new of total is the ratio of the number of new 

items to the total number of items purchased (possible range 0-100%); and c) 

Aggregate combines the first two by adding the total number of items purchased and 

the ratio of new versus total purchased multiplied by two (possible range 5-12). For 
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example, if someone purchased 5 items, 3 of which were new and 2 were used, their 

score would be 6.2 (i.e., 5 +(3/5)x2).  If someone purchased 8 items, 2 of which were 

new, their score would be 8.5 (i.e., 8 +(2/8)x2).  The most pro-environmental score (5) 

represents the minimum number of purchases (5), all used.  The highest, least 

environmental score (12) represents purchasing the maximum number of items (10), 

all new (i.e., 12=10 +(10/10)x2).   

Future Pro-environmental Intent: eight items from Kim and Jin5 (2019)’s 

26-item measure of environmentally sustainable apparel consumption were used to 

measure participants’ future environmental intent (1 = strongly unlikely, 7 = strongly 

likely). The eight items are shown in Table 4. This measure is scored by the mean of 

eight items, none of which required reverse coding. Scores can range from 1 to 7.  

Table 4 Future Pro-environmental Intent Survey 

Question 

I will buy apparel made from recycled material 

I will buy second-hand clothing 

I will purposely select fabrics that require cooler washing temperature, shorter 
drying time, or less ironing 
I will avoid an apparel product because of environmental concerns 
I will buy clothing made of organically grown natural fibers 
I will buy apparel with low impact or no dye processing 
I will buy apparel with environmentally friendly labeling or packaging technique 
I select apparel that you can wear over a longer term compared to trendy apparel 
that goes out of style quickly 

 
5 There are three subscales in Kim and Jin’s (2019) 26-item instrument. The Cronbach alpha’s for the 
three sub scales range from is 0.78 to 0.94, however the authors do not indicate which Cronbach alpha 
corresponds to which subscale.  One subscale (eight items) was adapted from Kim and Jin’s survey to 
measure future pro-environmental behavior.  
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Procedure 

Prior to participating in the study, participants signed up for a time via the University’s 

SONA system.  Participants arrived at the designated time and were greeted by the 

experimenter. Following Covid-19 protocol, participants wore masks through the 

entire experiment and were asked to sanitize their hands when they entered the room. 

Equipment (laptop, mouse, desktop, and pen) used in this study were sanitized after 

each use. Participants were invited to sit and were informed that this study aims to 

understand how people shop for clothing under different circumstances. Participants 

were tested individually. Next, the participant was presented with a consent form that 

includes a written description of the experiment. Participants chose whether or not to 

give consent; and were told that this would not affect whether they receive incentive 

for participating in this study. After the participant gave his or her consent, they were 

asked to complete the demographic survey.   

After the demographic survey, the experiment began. The first task was a 

fatigue-inducing activity called Tier Social Stress Task (TSST), a well-validated task 

with stressors consisting of a mental arithmetic task (Kirschbaum et al., 1993). 

Participants were asked to subtract the number 13 serially from 1022 in English as fast 

and accurately as possible within 5 minutes in front of the researcher. If the participant 

makes an error, he or she would be asked to start again at 1022 (Chang et al., 2020). 

The researcher would say “that is incorrect, start again at 1022”.  

The second task is a digit span backward (DSB). The third task was resting 

while different soundscapes play. Participants listened to their assigned soundscape for 
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four minutes. The fourth task was browsing the mock website (while the soundscape 

continues). Participants were asked to browse the shopping website, and to make 

shopping decisions for all five clothing categories. In each category, participants were 

asked to purchase one or two items out of each category, and they selected to buy 

either a new or a used product. Participants were given eight minutes to shop 

(although the often finished in 4-5 minutes). Participants were assigned to different 

pricing scenario before they start to browse the mock website. The fifth task was 

another set of backward digit span task like task one but with a different digit 

sequence.  The sixth task was to complete Kim and Jin’s (2019) future environmental 

intent survey questions.  

When participants finished all six tasks, they were thanked for their 

participation, and given five dollars or one SONA point. They had the opportunity to 

ask any questions regarding this study. After participants left the room, the 

experimenter sanitized the laptop, mouse, desktop, chair’s armrest, and other surfaces 

participants touched.  

Statistical Analysis 

The data were analyzed using the Statistical Package for the Social Sciences 

(SPSS, version 28). For hypotheses 1, 2 and 4 [(H1) main effect of soundscape on 

attention restoration; (H2) main effect of soundscape on pro-environmental behavior; 

(H4) Price difference’s moderation effect on the relation of soundscape to pro-

environmental behavior] were examined using classical ANOVA, Tukey’s Honestly 

Significant Difference Test, and post hoc analysis. This study also performed multiple 
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linear regression test for the hypothesized relationships, controlling for gender, age, 

education level, geographic background, income, monthly clothing expenditure, and 

the self-rated new ecological paradigm score. These seven variables could influence 

on our dependent measures, and even with randomization, chance imbalances could 

arise, and conditioning on these variables can improve precision of our estimate. 

To examine hypothesis 3, which suggests that the main and interaction effects 

of soundscape (i.v.1) on pro-environmental behaviors (i.v.2) will be mediated by 

attentional function (d.v.1), we used the SPSS PROCESS macro (Hayes, 2013). 

PROCESS reports fundamentals of mediation and moderation analysis and their 

integration as conditional process analysis. According to Baron and Kenny (1986), a 

complete mediation happens when: a) IV significantly predicts DV, b) IV significantly 

predicts mediator, c) mediator significantly predicts DV, d) when mediator enters the 

IV-DV relationship, the total effect reduces significantly to non-significant, and in 

addition, e) we check if the bias corrected 95% confidence interval (CI) around the 

indirect effect (IE) from 5000 bootstrap re-samples. We accepted the indirect effect as 

statistically significant only if its bias corrected 95% CI excluded zero (Hayes, 2013).   
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Chapter 3 

RESULTS 

The results are presented in five parts. We begin by presenting the descriptive 

statistics, and then each of the four hypotheses is individually examined.  

Descriptive Statistics 

Table 5  presents the possible range of values, the observed range and the mean 

and standard deviation for all key variables. For attentional function, mean DSB at 

baseline was M= 6.89, (SD= 1.95) while follow-up mean DSB was M=6.53 (SD= 

2.16).  On average, there was a 0.37 increase from baseline to follow-up DSB.  

On average, participants about four new items (M= 4.23, SD= 2.72) and 2.6 

used items (M= 2.55, SD= 2.75). The minimum number of items participants 

purchased was 5 with the maximum total purchase of 10 (M= 6.78, SD= 1.76). The 

overall average percentage new of total is 63% with a standard deviation of 36%. The 

aggregate pro-environmental behavior has a minimum of 5 and maximum of 12 (M= 

8.04, SD= 1.85).  Future pro-environmental behavior has an average of 2.85 with a 

standard deviation of 0.91; We also measured participants’ base pro-environmental 

behavior value with new ecological diagram (M= 2.11, SD= 0.64).   
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Table 5 Descriptive Statistics 

Variables Possible 
Minimum, 
Maximum 

Observed 
range 

Mean SD 

Attentional Function     
    Baseline DSB 0.00-14.00 3-13 6.53 2.16 
    Follow-up DSB 0.00-14.00 3-13 6.89 1.95 
    Change in DSB  -14.00-14.00 -5.00 - 5.00 .37 1.58 
Pro-Environmental Behavior     

   Baseline Measure (New 
Ecological Paragram) 

0.00 - 5.00 1.20-3.33 2.11 .46 

   No. of Items Purchased 5.00- 10.00 5-10 6.78 1.76 
   No. of New Item Purchased  0.00 – 10.00 0 - 10 4.23 2.72 
   No. of Used Item Purchased 0.00 – 10.00 0 - 10 2.55 2.75 
   Percentage New of Total 0.00 - 1.00 0.00 - 1.00 .63 .36 
   Aggregate Pro-environmental 
Behavior  

5.00 – 12.00 5.00 - 12.00 8.04 1.85 

   Future Pro-environmental 
behavior 

0.00 -7.00 1.00 - 5.38 2.85 .91 

 

Table 6 presents variable means and standard deviations across the three 

soundscape experimental conditions.   

Table 6 Mean and Standard Deviation of Attentional function and pro-
environmental behavior by soundscape conditions 
Variables Natural Ambient  Urban 
Attentional Function    

    Baseline DSB 5.83 (1.75) 7.06 (2.31) 6.70 (2.24) 
    Follow-up DSB 7.15 (1.64) 7.00 (1.97) 6.54 (2.17) 
    Change in DSB  0.32 (0.63) -0.63 (0.63) -0.96 (0.54) 
Pro-Environmental Behavior    

   Baseline Measure (New Ecological 
Paragram) 

2.09 (0.48) 2.16 (0.47) 2.11 (0.46) 

   No. of Items Purchased 5.18 (0.68) 5.98 (0.66) 6.08 (0.66) 
   No. of New Item Purchased  3.55 (2.70) 4.39 (2.68) 4.75 (2.68) 
   No. of Used Item Purchased 2.73 (2.70) 2.52 (2.66) 2.40 (2.91) 
   Percentage New of Total 0.41 (0.12) 0.51 (0.12) 0.57 (0.12) 
   Aggregate Pro-environmental Behavior  6.00 (0.69) 7.00 (0.68) 7.22 (0.68) 
   Future Pro-environmental behavior 2.79 (0.79) 2.91 (0.92) 2.85 (1.01) 
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Examination of Hypotheses 

Hypothesis 1: Soundscape (i.v.1) (natural, ambient, and urban) will have a 

main effect on attentional function (d.v.1). Natural soundscapes (more than urban and 

ambient soundscapes) will restore attentional functioning as operationalized by 

backward digit span task. 

The one-way ANOVA revealed that there was a significant main effect of 

soundscape on restored attentional function (post-test DSB minus pre-test DSB) with a 

significant difference between at least two groups (F (2,195) = 22.68, p< 0.001, R2= 

0.19.  Next, the Tukey's HSD Test revealed statistically significant differences in 

attention restoration between natural (x̄= 1.33) and urban soundscape (x̄= -0.167) (p 

<0.001, 95% C.I. = [0.91, 2.09]) and between natural (x̄= 1.33) and ambient 

soundscape (x̄= -0.061) (p < 0.001, 95% C.I. = [0.81, 1.98]). There was no statistically 

significant difference between ambient and urban group (p= 0.91). See Table 7. 

 

 

 

 

 

 

 

Figure 5 Pre and Post Attentional Function three soundscape conditions 
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Table 7 Tukey’s HSD test for Multiple Comparison for Soundscape’s effect on 

attentional function 

Soundscape comparison 
 

Mean 
Difference 

(1-2) 

Std. 
Error 

p 95% Confidence Interval 
Lower 
Bound 

Upper 
Bound 

natural urban 1.50 .25 .000 .91 2.09 
natural ambient 1.39 .25 .000 .81 1.98 
urban ambient -0.11 .25 .905 -.69 .48 

Next, multiple linear regression was conducted to investigate whether 

soundscape could significantly predict restored attentional function controlling for 

age, educational level, gender, income level, geographic background, monthly 

clothing expenditure new ecological paradigm score. The results of the regression 

analysis indicated that the model was a significant predictor of attention restoration (F 

(57,135) = 2.14, p< 0.001), explaining 47.5% (R2) of the variance in attention 

restoration. The soundscape has a significant effect on attentional function (F (2,135) 

= 3.48, p = 0.033), as well as control variables educational level (F (2,135) = 3.05, p = 

0.050).  
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Table 8 Linear Regression Model for Hypothesis 1 

 Sum of 
Squares 

df Mean 
Square 

F p R2 

Soundscape 92.50 2 46.25 22.68 <0.001 0.189 
 

 Sum of 
Squares 

df Mean 
Square 

F p R2 

Soundscape 83.587 2 41.79 23.43 <0.001 .475 
Education 14.38 2 7.19 4.03 0.02 
Age 11.80 4 2.95 1.65 0.16 
Gender 6.11 3 2.04 1.14 0.34 
Geographic 
Background 

6.83 3 2.28 1.28 0.29 

Monthly Clothing 
Expenditure 

8.18 4 2.05 1.15 0.34 

Income Level 9.81 9 1.09 0.61 0.79 
New Ecological 
Paradigm Score 

74.54 30 2.49 1.39 0.10 

 

Hypothesis 2a: Soundscape will have a main effect on people’s 

environmentally responsible behavior (d.v.2).  Specifically, natural soundscapes 

(more than urban and ambient soundscape) will be associated with more 

environmentally positive shopping behavior (i.e. buying fewer items and buying used, 

rather than new, items) on a mock shopping website. 

The one-way ANOVA revealed that there was a significant main effect of 

soundscape on pro-environmental behavior measured by: (a) number of items 

purchased (F (2,196) = 4.53, p = 0.012) with R2 of 0.044 and, (c) aggregate measure 

of pro-environmental behavior (F (2,196) = 6.72, p = 0.001) with R2= 0.064. There 

was no main effect of soundscape on (b) percentage new of total items purchased (F 

(2,196) = 1.86, p = 0.16) with R2= 0.19 (Table 9). 
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Table 9 ANOVA Result for Soundscape’s effect on Pro-environmental Behavior 

 Sum of 
Squares 

df Mean 
Square 

F p R2 

Number of Items Purchased 27.22 2 13.61 4.53 0.012 0.044 

Percentage new of total 
purchases 

0.49 2 0.25 1.86 0.16 0.019 

Aggregate measure 43.65 2 21.82 6.72 0.001 0.064 

Next, as summarized in Table 10, the Tukey's HSD Test revealed statistically 

significant differences in pro-environmental behavior measured by (a) total items 

purchased between natural (x̄= 6.27) and urban soundscape (x̄= 7.15) (p= 0.011, 95% 

C.I. = [-1.59, -0.17]), and between natural (x̄= 6.27) and ambient soundscape (x̄= 6.91) 

(p= 0.091, 95% C.I. = [-1.35, 0.08]). There was no statistically significant difference 

between ambient and urban group (p= 0.70). For (b) percentage new of total items 

purchased, there was a statistically significant difference between natural (x̄= 0.57) 

and urban (x̄= 0.87) (p= 0.085, 95% C.I. = [-0.25, 0.013]). There was no significant 

difference between natural (x̄= 0.57) and ambient (x̄= 0.55) (p= 0.35), and urban and 

ambient (p= 0.73). Lastly, there were statistically significant differences in pro-

environmental behavior measured by (c) the aggregate, between natural (x̄= 7.81) and 

urban soundscape (x̄= 8.52) (p= 0.001, 95% C.I. = [-1.85, -0.38]) and between natural 

(x̄= 7.81) and ambient soundscape (x̄= 8.20) (p= 0.03, 95% C.I. = [-1.53, -0.05]). 

There was no statistically significant difference between ambient and urban group (p= 

0.55). See Table 10. 
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Table 10 Tukey’s HSD test for Multiple Comparison for Soundscape’s effect on 

pro-environmental behavior  

Sound1 Sound2 Mean 
Difference (1-2) 

Std. 
Error 

p 95% Confidence Interval 
 Lower Bound Upper Bound 

Number of Items Purchased  
Natural Urban -.88 .30 .011 -1.59 -.17 
Natural Ambient -.64 .30 .091 -1.35 .08 
Urban Ambient .24 .30 .704 -.47 .95 

Percentage New of Total Items 
Natural Urban -.12 .056 .085 -.25 .013 
Natural Ambient -.08 .056 .353 -.21 .055 
Urban Ambient .04 .056 .73 -.09 .17 

Aggregate Pro-environmental Behavior 
Natural Urban -1.12 .31 .001 -1.85 -.38 
Natural Ambient -.79 .31 .033 -1.53 -.05 
Urban Ambient .32 .31 .55 -.41 1.06 

 
Figure 6 Pro-environmental Behavior in each condition 
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Next, multiple linear regression analyses were conducted to investigate 

whether soundscape significantly predicted each of the three measures pro-

environmental behavior (a) number of items purchased (F (33,162) = 1.23, p = 0.17) 

explaining 34.0% (R2) of the variance in attention restoration.; (b) percentage new of 

total (F (57,136) = 1.89, p= 0.001) explaining 44.2% (R2) of the variance in attention 

restoration;  (c) aggregate measure (F (33,162) = 1.26, p = 0.14) explaining 34.5% 

(R2) of the variance in attention restoration, controlling for age, educational level, 

gender, income level, geographic background, monthly clothing expenditure, and new 

ecological diagram score.  

For (a) number of items purchased, the soundscape had a significant effect on 

pro-environmental behavior (F (2,136) = 3.96, p = 0.021). 

Table 11 Linear Regression Model for Pro-environmental Behavior a) No. of 

Item Purchased 

 Sum of 
Squares 

df Mean 
Square 

F p R2 

Soundscape 23.29 2 11.65 3.96 .021 .340 
Education 8.46 2 4.23 1.44 .24 
Age 31.66 4 7.92 2.69 .034 
Gender 13.69 3 4.56 1.55 .20 
Geographic 
Background 

10.88 3 3.63 1.23 .30 

Monthly Clothing 
Expenditure 

4.13 4 1.03 .35 .84 

Income Level 43.46 9 4.83 1.64 .11 
New Ecological 
Paradigm Score 

94.50 30 3.15 1.07 .38 
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For b) percentage new of total, monthly clothing expenditure had a significant 

effect on pro-environmental behavior (F (4,136) = 3.86, p = 0.005).  as well new 

ecological diagram score (F (30,136) = 2.01, p = 0.004).  

 
Table 12 Linear Regression Model for Pro-environmental Behavior b) percentage 
new of total 
 Sum of 

Squares 
df Mean 

Square 
F p R2 

Soundscape .40 2 .198 22.73 .16 .442 
Education .46 2 .23 2.15 .12 
Age .76 4 .19 1.78 .14 
Gender .33 3 .11 1.03 .38 
Geographic 
Background 

.21 3 .07 .67 .57 

Monthly Clothing 
Expenditure 

1.64 4 .41 3.86 0.005 

Income Level .53 9 .06 .56 0.83 
New Ecological 
Paradigm Score 

6.41 30 .21 2.01 0.004 

 

For pro-environmental behavior c) aggregate measure, soundscape had a 

significant effect on pro-environmental behavior (F (2,136) = 5.49, p = 0.005).  

Table 13 Linear Regression Model for Pro-environmental Behavior c) Aggregate 
 Sum of 

Squares 
df Mean 

Square 
F p R2 

Soundscape 35.28 2 17.64 5.49 .005 .345 
Education 3.39 2 1.70 .53 .59 
Age 25.84 4 6.46 2.01 .096 
Gender 10.72 3 3.57 1.1 .35 
Geographic 
Background 

6.68 3 2.23 .69 .56 

Monthly Clothing 
Expenditure 

2.59 4 .65 .20 .94 

Income Level 49.67 4 5.52 1.72 .091 
New Ecological 
Paradigm Score 

107.14 30 3.57 1.11 .332 
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Hypothesis 2b: Soundscape will have a main effect on people’s future 

environmentally responsible intent (d.v.3).  Specifically, natural soundscapes (more 

than urban and ambient soundscape) will be associated with more environmentally 

positive future pro-environmentally responsible intent.  

The one-way ANOVA revealed that there was no significant main effect of 

soundscape on future pro-environmental responsible intent measured by Future 

Buying Intent measure (F (2,188) = 0.306, p = 0.736) with R2= 0.043, controlling 

price difference. 

Hypothesis 3: The effect of soundscape on students’ environmentally 

responsible behavior will be mediated by the restoration of attentional function. 

 

Figure 7 Mediation effect of attentional function on soundscape by pro-
environmental behavior a) number of items purchased  
  



 

  41 

Number of Items Purchased: 

As described in the Analytic Strategy section, bootstrapping method was 

performed using SPSS Process Macro to examine if restored attentional function 

mediated the relationship between soundscape and pro-environmental behavior.  

Mediation is considered for the two significant relations: between attention restoration 

and a) number of Items Purchased and c) the aggregate measure which combined the 

number of items purchased and the percentage new of total measures. 

First, the results of the regression analysis showed that the soundscape (IV) 

had a significant main effect on attentional function (mediator) (Ambient-Natural: b=-

1.39, t (195) = -5.61, p< 0.001; Urban-Natural: b=-1.50, t (195) = -6.04, p< 0.001); [i] 

in Figure 3.3. 

Second, soundscape also had a significant main effect on pro-environmental 

behavior (items purchased) (DV) (Ambient-Natural: b=.64, t (195) = 2.10, p= 0.037; 

Urban-Natural: b= 0.86, t (195) = 2.86, p= 0.0048); [ii] in Figure 7.  Next, using 

PROCESS macro, we found that restored attentional function had a main effect on 

pro-environmental behavior measured in number of items purchased (b=-0.26, t (194) 

= -3.03, p= 0.028); [iii] in Figure 7.   

After controlling for attentional function, the hypothesized mediator, in the 

equation, soundscape was no longer a significant predictor of pro-environmental 

behavior (Ambient-natural: (b= 0.28 t (194) = 0.86, p= 0.39), urban- natural: (b= 0.48 

t (194) = 1.47, p= 0.14)).  Approximately 8.6% of the variance in pro-environmental 

behavior was accounted for by the predictors (R2 = .086).   
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Lastly, the indirect effect was tested using a percentile bootstrap estimation 

approach with 5000 samples, implemented with the PROCESS macro-Version 4.1 

(Hayes, 2022). These results indicated the indirect coefficient was significant, 

(Ambient-Natural: B = 0.36, SE = 0.15, 95%CI [0.09, 0.69], Urban-Natural: B = 0.39, 

SE = 0.16, 95%CI [0.11 and 0.73]. The intervals did not include zero, attentional 

function is a complete mediator of the effect of soundscape on pro-environmental 

behavior a) number of items purchased. 43.8% (ambient-nature) of the main effect of 

attentional function on pro-environmental behavior a) number of items purchased was 

mediated by attentional function, while 55.8% (urban-nature) of the main effect of 

attentional function on pro-environmental behavior a) number of items purchased was 

mediated by attentional function. Table 14 displays the results of the mediation 

analysis. 

Table 14 Attention function’s mediation of the relation between soundscape and 

pro-environmental behavior a) Number of Items Purchased 

  Coefficient (b) P CI 
IV-Mediator Ambient-Natural -1.39 .000 -1.88 - -.90 

Urban-Natural -1.50 .000 -1.99 - -1.01 
Mediator-DV  -.26 .0028 -.43 - -.09 
Total Effect (IV-DV) Ambient-Natural .64 .036 .40 - 1.23 

Urban-Natural .86 .0048 .27 – 1.46 
Direct Effect (IV-DV) Ambient-Natural .28 .39 -.35 - -.91 

Urban-Natural .48 .14 -.16 – 1.11 
Indirect Effect (IV-DV) Ambient-Natural   .09 - .69 

Urban-Natural   .11 - .73  
Now we examine the same mediation hypothesis (hypothesis 3) with Pro-

environmental Behavior (c)Aggregate measure. 
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Figure 8 Mediation effect of attentional function on soundscape by pro-

environmental behavior c) aggregate measure 

First, the results of the regression analysis showed that soundscape (IV) had a 

significant main effect on attentional function (mediator) (Ambient-Natural: b=-1.39, t 

(195) = -5.61, p< 0.001; Urban-Natural: b=-1.50, t (195) = -6.04, p< 0.001); [i] in 

Figure 8. 

Soundscape had a significant main effect on pro-environmental behavior c) 

aggregate measure (Ambient-Natural: b=.79, t (195) = 2.52, p= 0.0125; Urban-

Natural: b= 1.09, t (195) = 3.48, p= 0.006); [ii] in Figure 3.3.  Next, using PROCESS 

macro, we found that restored attentional function had a main effect on pro-

environmental behavior c) aggregate measure (b= -0.24, t (194) = -2.73, p= 0.069); 

[iii] in Figure 8.   
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After controlling for the mediator, attentional function, in the equation, 

soundscape was no longer a significant predictor of pro-environmental behavior c) 

aggregate measure, soundscape was no longer a significant predictor of pro-

environmental behavior (ambient-natural: (b= 0.45 t (194) = 1.36, p= 0.18). 

Soundscape (urban to natural) still has a significant effect on aggregate pro-

environmental behavior (b= 0.73 t (194) = 2.17, p= 0.03)).   

Lastly, the indirect effect was tested using a percentile bootstrap estimation 

approach with 5000 samples, implemented with the PROCESS macro-Version 4.1 

(Hayes, 2022). These results indicated the indirect coefficient was significant, 

(Ambient-Natural: B = 0.34, SE = 0.16, 95%CI [0.058- 0.68], Urban-Natural: B = 

0.36, SE = 0.17, 95%CI [0.069- 0.74]). Both intervals did not include zero, attentional 

function is a partial mediator of the effect of soundscape on pro-environmental 

behavior c) aggregate measure. 67.0% (ambient-nature) of the main effect of 

attentional function on pro-environmental behavior a) number of items purchased was 

mediated by attentional function, while 31.2% (urban-nature) of the main effect of 

attentional function on pro-environmental behavior a) number of items purchased was 

mediated by attentional function. Table 15 displays the results of the mediation 

analysis. 
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Table 15 Attention function’s mediation effect on the relation between 
soundscape and pro-environmental behavior c) Aggregate measure 
  Coefficient (b) P CI 
IV-Mediator Ambient-Natural -1.39 .000 -1.88 - -.90 

Urban-Natural -1.50 .000 -1.99 - -1.01 
Mediator-DV  -.24 .007 -.42 - -.07 
Total Effect (IV-DV) Ambient-Natural .79 .012 .17 - 1.41 

Urban-Natural 1.09 .006 .47 - 1.71 
Direct Effect (IV-DV) Ambient-Natural .45 .18 -.20 - 1.11 

Urban-Natural .34 .03 .07 - 1.39 
Indirect Effect (IV-DV) Ambient-Natural   .06 - .68 

Urban-Natural   .07 - .74 

We found the mediation effect when pro-environmental behavior is measured 

as a) number of items purchased and c) aggregate measure. We did not discover a 

mediation effect when the pro-environmental behavior is measured in b) percentage 

new of total.  

Hypothesis 4: The effect of soundscape on students’ environmentally 

responsible behavior depends upon (i.e., is moderated by) the price difference between 

new and used items (I.V.2). Specifically, if the price difference between new and used 

items is greater, the effect of soundscape on students’ environmentally responsible 

behavior is stronger. If there is no price difference between new and used items, the 

effect of soundscape on students’ environmentally responsible behavior is weaker.   

The multiple linear regression revealed that there was no significant interaction 

effect of soundscape and price difference on pro-environmental behavior measured by: 

(a) number of items purchased (F (4,190) = 0.34, p = 0.98) with R2 of 0.047 (b) 

percentage new of total item (F (4,190) = 1.16, p = 0.33) with R2= 0.25 and, (c) 

aggregate measure of pro-environmental behavior (F (4,190) = 0.13, p = 0.97) with 

R2= 0.104, controlling price difference (Table 16).   
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We discovered, incidentally, a main effect of price difference on pro-

environmental behavior measured by b) percentage new of total item (F (2,190) = 

26.03, p< 0.01), (c) aggregate measure of pro-environmental behavior (F (2,190) = 

3.97, p = 0.02). There was no main effect of price difference on pro-environmental 

behavior measured by: (a) total items purchased (p= 0.95). 

Next, the Tukey's HSD Test revealed that statistically significant differences in 

pro-environmental behavior measured by (b) percentage new of total item between 

high price difference (x̄= 0.49) and no price difference (x̄= 0.87) (p< 0.001, 95% C.I. 

= [-0.51, -0.24]), and between no price difference (x̄= 0.87) and low price difference 

(x̄= 0.55) (p< 0.001, 95% C.I. = [0.19, 0.45]). There was no statistically significant 

difference between high price difference and low price difference (p= 0.55). The 

Tukey's HSD Test also revealed that statistically significant differences in pro-

environmental behavior measured by (c) aggregate measure of pro-environmental 

behavior between price difference high (x̄= 7.76) and no price difference (x̄= 8.55) (p= 

0.038, 95% C.I. = [-1.51, -0.035]), and between no price difference (x̄= 8.55) and 

price difference low (x̄= 7.82) (p= 0.047, 95% C.I. = [-0.0068, 1.47]). There was no 

statistically significant difference between price difference high and price difference 

low (p= 0.99).  See Table 18. 

Table 16 Result for Price’s moderation effect on the relation of soundscape to 
pro-environmental behavior 
 Sum of Squares Df Mean 

Square 
F p 

Total Items Purchased 1.36 4 .339 .11 .8 
Percentage new of total 
purchases 

.49 4 .121 1.16 .33 

Aggregate measure 1.69 4 .422 .13 .97 
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Table 17 Result for difference’s effect on pro-environmental behavior 
 Sum of 

Squares 
Df Mean 

Square 
F p 

Number of Items Purchased .31 2 .16 .05 .95 
Percentage new of total 
purchases 

5.45 2 2.72 26.03 .000 

Aggregate measure 25.38 2 12.69 3.97 0.02 
 
Table 18 Tukey’s HSD test for Multiple Comparison for Price’s effect on pro-
environmental behavior  
Price 
Difference 1 

Price 
Difference 2 

Mean 
Difference 
(1-2) 

Std. 
Error 

P 95% Confidence 
Interval 

 Lower 
Bound 

Upper 
Bound 

Total Items Purchased 
High No -.02 .31 .999 -.74 .71 
High Low .09 .31 .957 -.63 .81 
No Low .10 .31 .940 -.62 .82 

Percentage New of Total Items 
High No -.38 .056 .000 -.51 -.24 
High Low -.058 .056 .55 -.19 .074 
No Low .32 .055 .000 .19 .45 

Aggregate Pro-environmental Behavior 
High No -.77 .31 .038 -1.51 -.035 
High Low -.031 .31 .99 -.76 .70 
No Low .74 .31 .047 -.0068 1.47 

Summary 

As hypothesized, we found significant effect of soundscape on attentional 

function (H1) and on pro-environmental behavior measured by both a) number of 

items purchased and c) the aggregate measure combining number of items and 

proportion new of total (H2); and attentional function was a significant mediator of the 

effect of soundscape on pro-environmental behavior a) number of items purchased 

and c) aggregate measure (H4). There was no significant price difference by 

soundscape interaction effect on any of the three pro-environmental behavior 
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measures. However, price difference had a main effect on pro-environmental behavior 

b) percentage new of total, and c) aggregate measure (H3).  
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Chapter 4 

DISCUSSION 

This study examined the effects of different soundscapes (natural, ambient, and 

urban) on attentional function and pro-environmental behavior. We also explored the 

role of attention as a mediator of the relation between soundscape and pro-

environmental behavior. Lastly, we asked if price difference was a moderator of the 

relation between soundscape and pro-environmental behavior. Results indicated a 

main effect of auditory stimuli (soundscape) on attention restoration and pro-

environmental behavior; a mediating effect of attention on the relation between 

auditory stimuli and pro-environmental behavior; and an (unhypothesized) main effect 

of price difference on pro-environmental behavior. However, price difference did not 

moderate the main effect of auditory stimuli on pro-environmental behavior. 

The finding that natural soundscape was associated with a greater attentional 

restoration (defined as pre-post change in DSB) than the urban or ambient soundscape 

was consistent with attentional restoration theory and was similar to prior empirical 

evidence (Shu & Ma, 2019; Van Hedger et al., 2019). The results are consistent with 

the idea that natural auditory stimuli restore attentional function. However, neither of 

the prior studies —by Shu and Ma (2019) and by van Hedger and colleagues (2019) 

—found a negative change in attentional function when participants were exposed to 

ambient or urban soundscapes while this thesis showed that listening to ambient and 

urban soundscape led to a deterioration in attentional function level. 

Additionally, the current study found that people had a higher pro-

environmental behavior after listening to natural soundscape than ambient and urban 
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soundscape. The result was similar to Guéguen and Stephen’s (2016) study on the 

relation between immersion in a physical natural setting and pro-social behavior. The 

nature group’s participants had an immersion experience in natural park while the 

non-nature group (who were about to, but hadn’t yet taken a walk in the park) did not. 

Guéguen and Stephen (2016) operationalized pro-social behavior as participants’ 

response when female confederates asked for help looking for a lost item. Results 

showed that 78.5% of nature group’s participants offered to help compared to only 

62% of the non-nature group (Guéguen & Stephen, 2016). Pro-social behavior and 

pro-environmental behavior both require self-regulation. Berman and Kaplan (2010) 

contended attentional function and self-regulation rely on same resource: directed 

attention. As immersing in natural stimuli restores directed attention, we anticipate 

that people exposed to nature will be better at self-regulation, whether it is 

operationalized via pro-social or pro-environmental behaviors.  Both studies’ findings 

that immersing in natural setting led to a higher self-regulation were consistent with 

Berman and Kaplan’s (2010) idea. However, Guéguen and Stephen (2016) found that 

mood was the mediator between the relation of natural exposure and pro-social 

behavior, whereas in this study, attentional function mediated between auditory 

stimuli and pro-environmental behavior.  

Incidentally, the current study found that price difference had a main effect on 

pro-environmental behavior. A greater price difference between new and used items 

was associated with higher pro-environmental behavior (i.e., the percentage new of 

total items purchased and the aggregate pro-environmental measure that combined 

number of items and percent new). DeYoung (1996) categorized three sources of the 
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initiation of pro-environmental behavior: 1) the use of incentives or disincentives, 2) a 

specific environment that fosters behavioral change, and 3) intrinsic satisfaction. Low 

and Heinen (1993, p. 27) mentioned that the most successful conservation strategies 

will be those whose benefits to individuals can be made to outweigh costs, through a 

system of economic or social incentives which confer immediate or very short-term 

benefit. The result of this study also demonstrated that financial incentives could foster 

pro-environmental behavior, at least in the short term. However, as DeYoung (2000) 

and McClelland and Canter (1981) note, while financial incentive can lead to some 

conservation behavior, the effect often fades over time, proving to be an unsustainable 

source of motivation.   

Supportive Environments for Effectiveness (SEE) 

The simple framework presented by the SEE model attempts to address the 

challenge of how to bring out the best in humans. The three interdependent domains 

(model building, being effective, and meaningful action) within the framework work 

together to address the challenge. Model building addresses our need to understand 

and explore information. Mental models are internal representations of physical and 

conceptual content we encounter.  These models allow us to store, process, and 

manipulate past experience, as well as to navigate both physical spaces and conceptual 

domains.  While mental models code our past experience, the domain of being 

effective speaks to our need to use information competently. Doing so requires people 

to have a plenty of attentional resources to efficaciously navigate the world around us 

which requires time in the natural environment to restore cognitive capacity. The third 
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domain, meaningful action, stresses the need to use our knowledge to participate and 

to do things that will make a difference.   

This study is built upon the Supportive Environments for Effectiveness (SEE) 

model and examined the link between the being effective and meaningful action 

domains. We tested four relationships in this study, 1) natural stimuli’s effect on 

attentional restoration, 2) natural stimuli’s effect on meaningful action, 3) attentional 

restoration’s effect on meaningful action, and 4) and attentional restoration’s 

mediation effect on relation between nature and meaningful action. The first 

relationship showed that natural auditory stimuli could promote attentional restoration. 

We also found a positive relation between natural stimuli and meaningful action. 

Participants in the nature group had higher pro-environmental behavior scores than 

those in ambient and urban groups. With attention restored, the SEE model proposes 

that people are more likely to be at their best, to behavior well, and to do “good 

deeds.” Consistent with the SEE model, our findings revealed that participants who 

were exposed to the natural stimuli had higher pro-environmental scores (measured by 

the online shopping experience) than participants who were exposed to ambient and 

urban soundscapes. Last but not least, attentional function’s mediation of the relation 

between nature and meaningful action is an important finding. Without the mediation 

effect, we could not know why people do meaningful things when they are exposed to 

nature. Our study showed that people did meaningful things after listening to natural 

soundscape because the natural soundscape promoted attentional restoration. The 

attentional restoration led to greater attentional capacity and provided a clear head to 

engage in meaningful action. The result provided empirical evidence that meaningful 
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action relies on human effectiveness. Although pro-environmental behavior is a small 

facet of meaningful action, the current study helped to document that supportive 

environment could make a difference in fostering the common humanity (Basu & 

Kaplan, 2015). Kaplan and Kaplan (2009) suggested various operationalizations of 

meaningful action such as succeeding in educational system, changing cultural 

patterns, and addressing social and environmental issues. 

Prior research related to SEE did not examine the potential role of attention as 

a mediator of the relation between nature and meaningful action. In Zelenski, Dopko, 

and Capaldi’s (2015) study linking natural visual stimuli (watching nature 

documentary vs. architecture documentary) to environmentally responsible behavior 

(measured through fish harvesting simulator), they only included mood as a mediator 

between nature and meaningful action. Zelenski, Dopko, and Capaldi’s (2015) found 

nature exposure predicted environmentally responsible behavior but did find any 

effect of mood as a mediator. On a similar vein, Alcock and colleagues’ (2020) sought 

to understand if neighborhood proximity to nature could promote environmentally 

responsible behavior. Although they found that the closer people live to nature, the 

higher they scored in pro-environmental behavior, they did not examine attentional 

function as a possible mediator of the relation between nature and meaningful action.  

Study Contributions 

The connection between Effectiveness and Meaningful Action 

In studies relevant to SEE, researchers have either focused on examining the 

effects of natural stimuli on effectiveness (i.e., ART) or only examined the connection 

between nature and meaningful action (Zelenski, Dopko, and Capaldi, 2015; Passmore 
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& Holder, 2016; Alcock et al., 2020). Kuo’s (2001) study is one of the few that 

examined the connection between nature, human effectiveness, and meaningful action. 

She examined the restorative effect of nature through window view (compared to no 

nature through window view) in inner-city Chicago’s public housing. The results 

showed that participants with natural views had a better attention restoration 

(measured by digit span backward task) than participants without natural views. 

Furthermore, Kuo’s study found that residents with natural views were more effective 

in management of major life issues, which can be interpreted to be a type of 

meaningful action.  Importantly, Kuo (2001) found that attentional function mediated 

the relation between natural views and meaningful action (management of life issues). 

Kuo’s (2001) is unique because although it does not explicitly reference the SEE 

framework, it demonstrates linkages between the SEE domains of being effective and 

meaningful action. 

Unlike previous SEE studies, we included both the relationship between nature 

and attentional function, as well as between nature and meaningful action (measured 

in pro-environmental behavior). Furthermore, we tested if attentional function was a 

mediator between nature and meaningful action. Our result showed that when people 

had a higher attentional resource, their pro-environmental behavior (a) number of item 

purchased and c) aggregate measure) score was lower, indicating a better pro-

environmental behavior. The current study directly supported the SEE model by 

showing that being effective leads to meaningful action.  
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Restoring Human Effectiveness Through Auditory Stimuli 

The second strength of this study is the examination the effect of auditory 

stimuli (soundscape) on attentional function. Most prior research focused on the 

attentional restoration has examined the effect of natural immersion, natural visual 

stimuli, or a hybrid of natural visual and auditory stimuli. One prior study of 

soundscape is Zhang, Kang, and Kang’s (2017) study which examined the attention 

restoration effect of natural or traffic soundscape in the same urban environment.  

Jiang, Xu, Ji, Kim, Pryor, and Sullivan’s (2021) study examined mood restoration 

effect of natural, mechanical, and traffic soundscapes with three visual urban settings 

(urban park, office plaza, and urban street). Few researchers have examined the effect 

of auditory stimuli on restoration (Shu & Ma, 2019; Van Hedger et al., 2019; Zhang et 

al., 2017; Jiang et al., 2021). This thesis examined the sole effect of auditory stimuli 

on attentional restoration. It showed that natural auditory stimuli can restore people’s 

attentional function even if they are visually occupied with non-natural elements.   

 The third, related, strength of this study is it measured attentional restoration 

effect of natural auditory stimuli. This is in contrast to many past studies that focus on 

auditory stimuli’s perceived restorative effect.  Only a few prior studies have 

examined the effect of auditory stimuli on actual attentional restoration (Shu & Ma, 

2019; Van Hedger et al., 2019). Studies of perceived restoration are inherently limited 

because it is not clear whether people’s perceptions of possible restoration correspond 

to actual attention restoration.  Conceivably, people’s estimates of an environment’s 

restorative potential may be distorted by memory biases (van den Berg et al., 2003) 

and are inherently limited by virtue of being self-reported.  
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Strengths and Limitations 

 Besides its contribution to the field of environmental psychology and to our 

understanding of the SEE framework, this study has many strengths in experimental 

design and methods. The first strength of this study is random assignment of 

participants to conditions. Use of random assignment reduces the likelihood of 

selection bias and evenly distributes participants’ characteristics across groups. 

Participants in this study were randomly assigned to one out of nine groups. Table 2 

illustrates that participants’ characteristics (gender, age range, income, monthly 

clothing expenditure, education, and purchasing mode)— with the exception of 

geographic background— were evenly distributed across different soundscapes. The 

second strength of this study is the use of reliable measures. This study used the digit 

span backward task to measure attentional function, and it has been used by many 

studies of ART as the measure of attentional function (Cimprich, 1990; Tennessen & 

Cimprich, 1995; Kuo, 2001; Kuo & Sullivan, 2001; Berman et al., 2008; Bratman et 

al., 2015; Li & Sullivan, 2016; Van Hedger et al., 2019). Participants’ pro-

environmental intent was measured by the new ecological paradigm scale. The new 

ecological paradigm was published by Dunlap and Van Liere in 1978 and was revised 

by Dunlap and colleagues (2000). The revised new ecological paradigm scale is cited 

by thousands of research articles and provides comprehensive coverage of key facets 

of an ecological worldview (Dunlap et al., 2000, p. 438). Amburgey and Thoman 

(2012) performed statistical test to examine of all fifteen questions were good 

representation of participants’ ecological worldview. Their results showed that new 

ecological paradigm is a multifaceted measure of five environmental concerns 
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(balance of nature, eco-crisis, anti-exemptionalism, limits to growth, and anti-

anthropocentrism) with each of the concerns moderately to strongly associated. Lastly, 

this thesis had a robust sample size which bolstered the statistical validity. An 

appropriate sample size allows a more precise estimation of the treatment effect. 

Limitations 

 Despite being a true experiment with random assignment to the levels of 

independent variables, like any study, this research is not without limitations. Below, 

we describe threats to each type of validity: internal, external, construct, and 

statistical. 

Internal Validity:  First are potential threats to internal validity. There is 

selection bias. Sixty-two (62.1) percent of the natural soundscape group came from 

urban and small city prior moving to Cornell University, while only forty-five (45.4) 

percent of ambient soundscape and fifty-one (51.3) percent of urban soundscape group 

came from urban and small city. Perhaps people came from urban area were 

particularly fond of nature and their attentional function was more restored than 

people in ambient and urban soundscape groups. The uneven distribution of 

participants’ characteristics across the three levels of the soundscape variable could 

confound the final result.  

Another threat to internal validity is regression to the mean. Despite random 

assignment to conditions, the pre-test scores of the natural soundscape group were 

lower than those of the ambient and urban soundscape groups. Thus, the results 

regarding attention restoration could, plausibly, be due to regression to the mean, 

rather that the effect of the treatment.  This is a serious concern.  However, there was a 
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crossover between natural soundscape group’s pretest and posttest and ambient/urban 

soundscape’s pretest and posttest. The crossover renders a regression to the mean 

threat unlikely. A statistical regression cannot explain why the low performers reliably 

surpassed the high performers at posttest, though regression may have inflated 

treatment estimates (Shadish, Cook & Campbell, 2002, p. 144). 

External Validity: Threats to external validity also exist. The first threat is 

setting by treatment. This study took place in a laboratory setting where visual stimuli 

were minimal (no window, white wall, no painting on the wall, and no natural imagery 

on the researching computer screen). The results of this study may not be generalized 

to other settings such as rooms with windows or outdoor environments. Moreover, the 

mock shopping experience may not be generalizable to “real life” shopping. In our 

experiment, we asked participants to purchase five to ten items within eight minutes. 

In real life online shopping experience, people are not bounded by a specific number 

of items to purchase and a time limitation. Moreover, the mock shopping experience 

did not employ real money and may not generalize to real shopping experience.    

Secondly, there is selection by treatment. All participants in this study were 

Cornell University students who are 18 years of age and older and reside in the United 

States. We were not able to include participants under age 18 years or outside the 

academic setting. It is possible that our findings will not generalize to other groups. 

Construct Validity: Threats to construct validity include experimenter effect 

and experimenter expectation. The principal investigator of this study was the sole 

experimenter. Due to certain expectations, the experimenter may have unknowingly 

acted differently toward participants in different groups. For example, participants 
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might stare at the participants during the tier social stress task and created extra social 

pressure for participants. The participants in this scenario might be more mentally 

fatigued than others. Experimenter effect may affect the result of this study as 

participants were too fatigued to even recover from restoration. In the future, there 

should be several experimenters or hired experimenters who are not affiliated with this 

study to minimize the experimenter’s effect.  

There is also mono-method bias, a threat to construct validity, in this study.  

The dependent variable, the attentional function level is measured only by the digit 

span backward task. Despite it being a well-validated measure, it was the only 

measure of the attentional function. Bratman and colleagues’ (2015) study used 

multiple measures to operationalize attentional function (The operational span task, 

change detection task, digit span backward task, and attention network test). The same 

issue also exists with respect to another dependent variable, future pro-environmental 

behavior measures. We only used the adapted survey from Jin and Kim’s (2019) 

study. Similarly, we had mono method bias, as we only considered online shopping 

experience as the sole measure of pro-environmental behavior. However, people tend 

to shop in various modes.  

Statistical Validity: Last, but not least, is statistical validity. There is low 

reliable measurement, we adapted Jin and Kim’s (2019) measure to measure future 

pro-environmental intent. In Jin and Kim’s (2019) study, they had three subscales and 

provided the ranged Cronbach alpha for the combined measure. However, as this 

study only used one of the subscales, we did not know the exact Cronbach alpha value 
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of this subscale survey. The subscale might be a less reliable measure of pro-

environmental invent when it is used without the other subscale surveys.  

Future Research 

As the foundation of this study was ART and the SEE model, future research 

should continue to explore how other types of natural stimuli could affect attention 

restoration. In previous studies, auditory and visual stimuli have been examined. It 

would be interesting to see if exposure to the natural olfactory stimuli could also lead 

to attentional restoration. People try to change the odor around them through including 

flowers and plants in their living spaces, but we do not know the true effect of the 

olfactory stimuli. An environmental psychology study ought to be conducted to 

understand the effect of olfactory stimuli on attention restoration.  

There are many interesting aspects of the relation between effectiveness and 

meaningful action that need to be investigated in the future. For this study, we found 

attentional function fully mediated the relation between natural auditory stimuli and 

pro-environmental behavior a) number of item purchase, and partially mediated the 

effect for pro-environmental behavior c) aggregate measure. However, this study 

measured pro-environmental behavior through a mock shopping experience. 

Therefore, we cannot generalize the results to real-life setting. For the future studies, 

researchers should consider examining the relationship between being effective and 

meaningful action in real-life setting by learning from past ART studies. For example, 

Faber Taylor, Kuo, and Sullivan’s (2002) attentional restoration study examined the 

attentionally restorative effect of natural view through windows in Chicago’s public 

housing setting. Future SEE studies should also focus on real-life settings, such as 
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school, public-housing, hospital, etc. This could extend the result from laboratory 

setting to real life applications. Furthermore, future SEE studies should also broaden 

their participant populations. In this study, we focused on college students. In the 

future, different demographic groups (Socio-economic status, gender, age, etc) should 

be individually examined.  

The future studies could also expand the length of the study to understand the 

long-term effect of auditory stimuli. Since this study mainly focused on the effect of 

one soundscape exposure on pro-environmental behavior. It is possible that daily 

exposure to natural soundscape could lead to longer persistent of pro-environmental 

behavior. The future studies could conduct a study that ask participants to listen to 

soundscapes daily and ask participants to answer surveys that measure pro-

environmentally behavior weekly. Another idea would be asking participants to listen 

to soundscapes daily and see if participants could expand their pro-environmental 

behavior to other sector, i.e., housekeeping, transportation choice, garbage disposal, 

and so on.   

There are various types of shopping experience such as shopping online or 

shopping in a retail setting, shopping in a public market, and so on. Participants’ 

shopping behavior might change under different circumstances. People’s pro-

environmental behavior under different shopping experience should be examined. 

In the future, researchers should consider using multiple measures to measure 

attentional function. In this study, digit span backward is adopted to measure the short-

term memory span. However, attentional function does much more than short-term 

memory. An aggregate measure of the operational span task, change detection task, 
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digit span backward task, and attention network test should be considered for future 

study.  

Conclusion 

Building on existing studies of the SEE model, future research is needed to 

examine the link between model building, being effective and meaningful action. For 

model building, future studies should examine the role of environmental education has 

on early education, and if the effect of early childhood environmental education could 

have a long-term effect on people. For effectiveness, the future studies could broaden 

the scope of attentional restoration theory by examining other types of natural stimuli 

could foster attention restoration.  In particular, they should examine the kinds of 

natural stimuli that can be easily accessed by people in different geographic settings. 

These studies could bring solutions for underperformance in school or work, mental 

fatigue, and ADHD issues. Lastly, researchers should continue to examine whether 

nature’s effect on attentional function can, in turn, transfer to effect different types of 

meaningful action (self-fulfillment, pro-environmental, and prosocial behavior). 
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APPENDIX A – Demographic Survey 

Where do you purchase your clothing in the year 2021? 

Online   

In-Store   

Online and In-store   

Please indicate your gender. 

Male   

Female   

Non-binary / third gender   

Prefer not to say   

Pleace indicate your current student status 

Undergraduate   

Master's   

PhD   

Please indicate your age in years. 

18-20   

21-23   

24-26   

27-30    

31 and above   

Prior to moving to Cornell, which of the following best describes the area in 

which you live... 

Urban, Inner city, Metropolitan   
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Small City   

Suburban   

Rural or Farming Community   

What is your annual personal allowance including grocery and rent money from 

parents and earnings for the year 2021 

$0 to $9999   

$10,000 to $19,999   

$20,000 to $29,999  

$30,000 to $39,999   

$40,000 to $49,999   

$50,000 to $59,999  

$60,000 to $69,999   

$70,000 to $79,999  

$80,000 to $89,999   

$90,000 to $99,999   

$100,000 or more   

Thinking about the past 12 months, how much, on average, do you spend per 

month on clothing? 

Less than $50/ Month   

$50-$99/ Month  

$100-$249/ Month   

$250-$499/ Month   

More than $500/ Month   
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What percentage of your clothing do you buy online and in-store?  

10% online, 90% in-store   

20% online, 80% in-store   

30% online, 70% in-store   

40% online, 60% in-store  

50% online, 50% in-store 

60% online, 40% in-store   

70% online, 30% in-store  

80% online, 20% in-store  

90% online, 10% in-store  

When you purchase clothing, how often do you purchase second-hand clothing? 

Always   

Often  

Somewhat Often 

Occasionally   

Never   

When you purchase clothing, how often do you purchase clothing made from 

organic materials? 

Always  

Often   

Somewhat often  

Occasionally   

Never 
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I do not Know  

New Ecological Paradigm 

We are approaching the limit of the number of people the earth can support. 

Strongly Agree  

Somewhat Agree  

Neutral 

Somewhat Disagree  

Strongly Disagree 

Humans have the right to modify the natural environment to suit their needs. 

Strongly Agree   

Somewhat Agree   

Neutral   

Somewhat Disagree  

Strongly Disagree  

When humans interfere with nature it often produces disastrous consequences. 

Strongly Agree   

Somewhat Agree  

Neutral   

Somewhat Disagree  

Strongly Disagree  

Human ingenuity will ensure that we do not make the earth unlivable.  

Strongly Agree   

Somewhat Agree   
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Neutral  

Somewhat Disagree  

Strongly Disagree  

Humans are abusing the environment. 

Strongly Agree   

Somewhat Agree  

Neutral  

Somewhat Disagree  

Strongly Disagree    

The Earth has plenty of natural resources if we just learn how to develop them. 

Strongly Agree   

Somewhat Agree   

Neutral   

Somewhat Disagree   

Strongly Disagree   

Plants and animals have as much right as humans to exist. 

Strongly Agree   

Somewhat Agree  

Neutral   

Somewhat Disagree   

Strongly Disagree 

The balance of nature is strong enough to cope with the impacts of modern 

industrial nation. 
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Strongly Agree   

Somewhat Agree  

Neutral   

Somewhat Disagree  

Strongly Disagree 
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APPENDIX B – Tier Social Stress Task 

Participants completed the Tier Social Stress Test (TSST), a well-validated 

task with stressors consisting of a mental arithmetic task (Kirschbaum et al., 1993). 

Participants will be asked to subtract the number 13 serially from 1022 in English as 

fast and accurately as possible within 5 minutes in front of the researcher. If the 

participant makes an error, he or she will be asked to start again at 1022 (Chang et al., 

2020). The researcher will say “that is incorrect, start again at 1022”.  

1022 1009 996 983 970 957 944 931 918 905 

892 879 866 853 840 827 814 801 788 775 

762 749 736 723 710 697 684 671 658 645 

632 619 606 593 580 567 554 541 528 515 

502 489 476 463 450 437 424 411 398 385 

372 359 346 333 320 307 294 281 268 255 

242 229 216 203 190 177 164 151 138 125 

112 99 86 73 60 47 34 21 8 -5 
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APPENDIX C – Digit Span Backward Task 

Digit Span Backward Digit Sequences 

Set 1: 

3-digit: 1-5-4, 7-9-0 

4-digit: 2-0-4-7, 3-7-5-6 

5-digit: 0-4-7-8-5, 8-0-1-4-6 

6-digit: 0-3-6-8-4-1, 2-5-0-8-5-1 

7-digit: 1-9-0-6-4-8-5, 8-2-9-6-0-4-7 

8-digit: 2-5-8-0-6-2-7-1, 2-7-9-5-3-6-1-8 

9-digit: 8-4-1-3-4-8-5-6-0, 4-1-8-5-6-9-7-2-0 

Set 2: 

3-digit:  3-4-7, 1-4-8. 

4-digit:  5-3-8-9, 7-2-9-0. 

5-digit:  0-8-1-4-0, 8-2-4-8-7. 

6-digit:  1-0-5-3-1-7, 0-1-9-7-8-3. 

7-digit:  7-4-8-9-0-2-6, 0-2-5-1-3-7-4. 

8-digit:  0-9-3-1-6-4-3-7, 7-1-8-5-2-6-7-1. 

9-digit:  3-7-2-1-8-4-2-0-6, 0-6-2-1-8-4-6-9-7. 

Set 3:  

3-digit:  1-2-4, 9-3-8. 

4-digit:  8-9-2-5, 2-9-0-1. 

5-digit:  1-9-7-0-4, 3-6-8-1-9. 

6-digit:  6-1-4-9-5-8, 3-5-9-1-7-4. 
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7-digit:  0-1-5-3-8-4-7, 2-0-7-9-1-8-5. 

8-digit:  8-3-0-4-2-9-4-7, 1-3-0-7-9-4-7-5. 

9-digit: 3-7-8-9-6-4-0-2-5, 3-8-0-2-6-3-1-9-5 
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APPENDIX D – A Future Pro-Environmental Behavior Adapted Survey 

I will buy apparel made from recycled material 

Strongly Agree   

Agree  

Slightly Agree   

Neutral   

Slightly Disagree   

Disagree   

Strongly Disagree  

I will buy second-hand apparel 

Strongly Agree  

Agree  

Slightly Agree  

Neutral   

Slightly Disagree   

Disagree  

Strongly Disagree   

I will purposely select fabrics that require cooler washing temperature, shorter 

drying time, or less ironing 

Strongly Agree   

Agree  

Slightly Agree  

Neutral   
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Slightly Disagree   

Disagree   

Strongly Disagree  

I will avoid an apparel product because of environmental concern 

Strongly Agree  

Agree  

Slightly Agree  

Neutral  

Slightly Disagree   

Disagree   

Strongly Disagree  

I will select apparel that can be worn over a longer term compared to trendy 

apparel that goes out of style quickly 

Strongly Agree  

Agree  

Slightly Agree   

Neutral  

Slightly Disagree   

Disagree  

Strongly Disagree  

I will buy clothing made of organically grown natural fibers 

Strongly Agree  

Agree  
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Slightly Disagree 

Neutral 

Slightly Disagree   

Disagree  

Strongly Disagree  

I will buy apparel with low impact or no dye processing 

Strongly Agree   

Agree  

Slightly Agree  

Neutral  

Slightly Disagree   

Disagree   

Strongly Disagree   

I will buy apparel with environmentally friendly labeling or packaging technique 

Strongly Agree  

Agre 

Slightly Agree   

Neutral  

Slightly Disagree  

Disagree   

Strongly Disagree  
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