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Abstract
There are increasing number of literatures demonstrating substantial benefits for cognitive abilities when

contacting with natural environments. According to the Attention Restoration Theory and Stress Reduction
Theory, natural environments have restorative influences on cognitive abilities and emotional state.
Therefore, based on these two theories, the aim of this study was to investigate how natural and urban
settings can affect postgraduate students’ cognitive functioning as well as emotional state, and whether there
are differences between influences of natural and urban environments. To do this, a within-subject pre-test
post-test design was employed to compare the restorative influences of natural pictures and downtown
pictures on three measures. Digit Span Backwards Task was used to assess directed attention and Guilford's
Alternate Uses Task was applied to examine participants’ divergent thinking; positive and negative emotion
were measured through PANAS in this study. Repeated measures analysis of variance (ANOVA) was
conducted to analyse data, with two within-subject factors: picture types (nature vs. downtown) and time of
test (before picture viewing vs. after picture viewing) for three measures. Results showed that participants
have significant improvement on directed attention, divergent thinking as well as positive emotion, and
significant decrease was found in negative emotion after viewing pictures depicted natural environments.
However, no significant differences were found after viewing downtown pictures. Therefore, this study
provides students with guidance on where to refresh themselves after school and begin to study in a better

psychological state. Implications for practice and future research are also discussed.
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1. Introduction

1.1. Research Context and Theory

Although it seems like common knowledge that natural environment can benefit many aspects of people’s
daily life, it is only in recent decades that scientific and verifiable research can be provided to confirm the
positive impact of nature environment. Researchers found contact with nature may have both psychological
and physiological benefits for people (Bowler, Buyung-Ali, Knight & Pullin, 2010; Brymer, Cuddihy &
Sharma-Brymer, 2010; Reese & Myers, 2012). Exposure to natural environment can also reduce blood
pressure and activate parasympathetic nervous system (Park, Tsunetsugu, Kasetani, Kagawa & Miyazaki,
2010; Gladwelll et al., 2012), which enable people to release their pressure (Lottrup, Grahn & Stigsdotter,
2013) and anxiety (Mackay, Neill, 2010) from busy life; thus, interacting with natural views can serve as a
therapeutic for diseases and increase patients’ vitality (Ryan et., 2010). Nature also play a crucial role in the

prevention of obesity and myopia in children (Rose et al., 2007; Lachowycz & Jones, 2011).

Researches also indicated nature also has a beneficial influence in educational and social areas. For
example, classrooms with nature views can improve students’ academic performance and tend to have more
positive evaluation toward curriculum (Benfield, Rainbolt, Bell & Donovan, 2015). Korpela (2001)
suggested contact with nature helps individual reflect on their life issue as well as improve subjective well-
being. Moreover, immersion in nature make people become more caring because it promotes individual’s
prosocial and other-focused value orientations (Weinstein et al., 2009). Study of Wakefield et al., (2007)
showed that people lived in community with garden perceived increased mental and physical health, which
has a positive influence in social health and community cohesion. In addition, through testing effects of
viewing videos of natural and built places, results (Zelenski, Dopko & Capaldi, 2005) suggested that natural

videos are more likely to produce cooperative and sustainable behaviours.

1.1.1. Environmental Restrictiveness and Attention Restoration Theory
Restorative influence of natural setting is another prevalent research topic currently. The term of “restorative
environment” has been proposed firstly by Kaplan and Talbot (1983), which refers to natural or other
environments that can help recovery from mental fatigue and anxiety. Recently, a growing body of research
has investigated which kinds of environments belong to restorative environment. Results suggested that
natural environment has a restorative influence for the majority of people; museums are restorative
environment for frequent visitors (Kaplan, Brdwell & Sakter, 1993). For most pilgrims and college students,
monastery can be viewed as restorative environment as well (Ouellette, Kaplan & Kaplan, 2005).
Furthermore, places being liked by individual are also have a restorative influence for them (Korpela,

Hartig, Kaiser & Fuhrer, 2001).



There are many factors have been discovered in previous researches that can influence environments’
restoration. The researchers' conclusions were inconsistent regarding different stages of lifespan may affect
the preference for restorative environment. In the study of Scopelliti and Giuliani (2004), they recruited 67
Italians as participants, and found that young people mentioned the frequency of they have restorative in
outdoor and natural environments was higher than at home; adult have a higher frequency of restorative
experience in natural environment than expected, whereas for the elderly, they tend to have more restorative
experience at home than outdoor or natural environment. However, in order to examine whether natural
environment is more restorative than built environment, Berto (2007) combined the results of three studies
and found that three groups participants in different stages of lifespan (adolescents, adults and the elderly)
showed similar trend in the scores of assessing five types of environments (housing, industrial zone, city
streets, hills and lakes). The results suggested natural environments were more restorative than built
environments for participants, no matter what age group they belong to. The differences between the results
of these two studies may be attributed to the fact that Scopelliti and Giuliani used the frequency of subjects
mentioned restorative experience as a criterion for environments’ restorative evaluation, whereas Berto

applied PRS scale to assess restorative experience.

Many literatures also emphasized the importance of social interaction for restorative experience, which is
regarded as the fundamental aspect of restoration. Scopelliti and Giuliani (2004) indicated that restorative
experiences characterized in terms of social interactions are particularly important for adults and elderly;
adults value relationship with families and partner more than young people; friends are mainly important for
young people. In addition, Korpela, Ylen, Tyrvainen and Silvennoinen (2008) found that the recovery
experience of a person being alone and a person being in company are different. Staats and Hartig (2004)
further demonstrated that companion can increase people's preference for the urban environment but does
not increase the preference for the natural environment, which may be attributed to the fact that the
companion can ensure sense of security, and thus improve recovery. Furthermore, the time spent in the
environment and the frequency of contacting with environment may also have influence on restorative
experience. Study suggested that longer time spent in the environment and higher frequency of contacting

with environment will increase individual's restorative experience in that environment.

However, how to explain restorative function of environments? According to Attention Restoration Theory
(ART; Kaplan, 1989,1995), interaction with nature can lead to improvements in cognitive abilities that
mainly depend on directed attention. ART is mainly proposed based on James’ s (1892) theory about two
types of attention: directed or voluntary and involuntary attention, which distinguished from each other in
terms of how much efforts involved in the attention. Involuntary attention refers to passive attention without
requiring much effort. Stimuli such as fascinating and interesting things can arouse involuntary attention.
For instance, people are naturally attracted by beautiful views like sunsets and sunrises, flowing river and

blue ocean.



In comparison, directed attention is directed by personal awareness and thoughts. It requires more cognitive
efforts because all potential distraction should be ignored and excluded in order to continuously focus on
tasks at hand. Activities depend on continuous attention, such as taking exams, writing reports and
discussing with group members generally involve directed attention, which help people maintain their
current work. Compared with involuntary attention, directed attention is not triggered by outside stimuli but
inner thoughts and control. Moreover, the physiological basis of these two attentional systems also show
some differences. Directed attention primarily associated with frontal lobe and parietal lobe in human brain,
whereas involuntary attention depends less on these brain regions (Fan, McCandliss, Fossella, Flombaum &

Posner, 2005).

ART argues that interacting with nature allows individual to restore directed attention, especially when
people suffering from mental fatigue. Kaplan (1995) suggested restorative environments (natural views)
provide people with more intrinsically fascinating stimulus, resulting in involuntary attention. Because of
fulling use of involuntary attention, directed attention get the chance to replenish and restore from tiredness.
Therefore, after exposure to natural setting, directed attention can be promoted and restore. Additionally,
other cognitive abilities depend on directed attention can be accordingly improved, such as emotional
functioning and short-term memory (Jonides et al., 2008). The theory is consistent with our daily
experience. For instance, after walking in a green park, people can always become more energetic and
manage work with higher efficiency. However, unlike natural settings, urban settings involve more external
stimulation and require directed attention to cope with them. For example, when you are walking, you need
to pay attention to the car horns in streets; in order to arrive at the destination on time, you need to avoiding
traffic if you are driving. This means urban environments generally require people to focus on certain target
with awareness for being safe or achieving their goals, and thus involving more directed attention.

Consequently, contrasted with natural environments, urban environments may be less restorative.

Additionally, Kaplan (1989) concluded four characteristics commonly belong to restorative environments:
being away, fascination, extent and compatibility. Firstly, people will have a sense of psychologically or
physical distance from different routines or places. For example, people emerge themselves in a completely
unfamiliar park or engage in activities they have never participated, which allow directed attention to rest.
Secondly, people’s attention will focus on fascinating stimulus effortlessly in the environment. Moreover,
extent refers to the notion that sufficient contents and structure of environment will provide people with
opportunities to continuously explore, allowing a sense of coherence. Compatibility refers to the idea that
people’s demands and needs will make a well match with activities supported by the environment. If
someone’ s favourite activity is swimming, then running in the environment may not have desired
restorative effects. Essentially, these four factors hold in restorative environment allow directed attention to

recover from mental fatigue for a long period.



1.1.1. Stress Reduction Theory

Beside restoration of directed attention when exposure to natural environment, Stress Reduction Theory
(SRT) provides an explanation for the relationship between nature experience and emotion. Ulrich (1991)
proposes that natural environment have beneficial effects on emotional functioning psychologically and
physiologically. To be more specific, contact with natural setting results in adjust of neurophysiological
activation due to the innate association with nature, and thus experience particular physical changes such as
decrease of blood pressure, muscle tension and heart rate (Ulrich et al., 1991), which generally involve in
declining level of mental stress. Particular natural views such as forests, lake and sea give people
opportunities to survive and a sense of intimacy due to the innate connection to natural world. Because of
the inborn preference for nature environment, exposure to these types of landscapes activates physiological
changes in affectively beneficial ways (Ulrich et al., 1991). Therefore, natural views tend to have a
restorative advantage over built environments and interacting with natural landscape can naturally generate
positive emotional changes and help stress recovery. SRT provides a series of testable assumption
concerning the impact of natural environment on people’s autonomic nervous system, and thus the later

researches applied physiological measurements of individuals to explore the restorative influence of nature.

1.2. Evidence for Attention Restoration Theory and Stress Reduction Theory

Based on ART and SRT, there is growing body of evidence supported these two theories and prove the
restorative effects of natural environment compared with urban environments. By comparing the differences
between group of patients with tree-view in room and patients only with wall-view, Ulrich (1984) firstly
investigated therapeutic influence of viewing window and found patients had access to natural scenes tend
to have shorter hospital stays and evaluated more negatively to nurses. In school, Tennessen and Cimprich
(1995) indicated that students had accommodation with more natural scenes from windows performed better

on directed attention tests.

An early research (Hartig, Mang & Evans, 1991) investigated restorative effects of natural environment by
randomly assigned participants from college to complete one of the tasks of walking in a natural
environment, walking in an urban environment, or staying in a relaxation state. Through assessments of
emotional state by self-report and cognitive performance, result suggested restorative influences only taking
place from participants who walked in nature. Although the majority of researches concerning benefits of
nature focus on adults or students instead of children, Maller’ s study (2009) applied qualitative method to
explore the perceived benefits of children after school activities involving in interacting with natural
environments. Through face-to-face interviews, researchers concluded that contacting with nature is
significant for children’ s development of emotional, mental and social health. However, Maller noted that
these benefits are based on researcher’s perception and may be translated in an exaggerated way. Thus, more

empirical experiments and data should be collected in future researches.



Brenman (2008) compared restorative functioning of both natural and urban environments, requiring
participants to walk in two kinds of environments or view the pictures of natural environment. After
comparing per-test and post-test data, study showed that participants performed better in backwards digit-
span, which means recovery of directed attention. Additionally, the results of PANAS indicated that
participants viewing pictures of natural areas showed more significantly improved positive feelings such as
refreshing and enjoyable, but no emotional changes have been found in participants viewing pictures of
urban environments. Berto’ s study (2005) used restorative and nonrestorative pictures to compare the
different levels of recovery in attentional capacity using SART. The different performance of SART in pre-
test and post-test supported the hypothesis that natural views have restorative effects and help promote

attentional abilities.

In addition to directed attention, many recent studies also found natural views’ influence on emotional
functioning and physiological state. Through a repeated design measure of physical changes and emotion in
sitting or walking in natural and urban settings (Hartig, Evans, Jamner, Davis & Girling, 2003), Hartig
suggested that natural walking promoted changes of blood pressure and reduced anxiety. According to the
study of Bratman (2015), after 50-minute walk in natural environments or urban environments, participants
walked in nature tend to decrease in anxiety and negative emotion. However, this between-subject design
may produce unreliable results due to individual variability such as different levels of emotional self-
regulation and strategies (Gross, John, 2003). Therefore, in order to minimize individual differences, Gidlow
(2016) used a cross-over within-subject design. In his study, every participant walked in three different
settings for about 30 minutes, that is, urban environment, green environment and blue environment with
canal, and walked in different environment at the same time on three days. The results showed that natural
environments have positive effects on restorative experience and cognitive functioning such as working
memory. Additionally, a recent research (Martyn & Brymer, 2014) used both quantitative and qualitative
methods to investigate the relationship between feeling stressed and being exposure to natural scenes and
results indicated that contacting with nature is significantly associated with lower level of cognitive anxiety.
Another study carried out by Laumann (2003) compared the restorative influences of natural and urban
stimulus by viewing video depicting both kinds of environments. By analysing the performance on
attention-orienting task and cardiac inter-beat interval to assess attentional ability and heart rate respectively,
the study indicated that subjects who watched natural video had longer inter-beat interval, that is lower heart
rate, which is consistent with the theory of stress reduction. Likewise, in order to investigate the influences
of natural environments on changes in cardiovascular autonomic control, Gladwell (2012) measured heart
rate variability (HRV) and blood pressure (BP). The results showed that HRV and BP increased
significantly when participants watching natural slides contrasted with viewing slides of built environment,
which indicated that natural environments may cause alterations in autonomic control and increasing of

vagal activity in particular. However, the majority of researches used limited natural or urban fields and



pictures to explore the effects. These results may lack representativeness and generalization because
different natural environments involved different scenes. It is difficult to identify whether other natural
environments have similar influence with the tested environments. Thus, an extensive research carried out
by Park (2010) conducted experiments in 24 forests cross Japan from 2005 to 2006. Researchers measured
seven physiological parameters such as salivary cortisol, pulse rate and diastolic blood pressure, and the
profile of mood states (POMS) was used to measure psychological states such as anxiety, depression, anger,
fatigue and vigour. The results showed that participants who assigned to view forest landscape tend to have
lower level of salivary cortisol, diastolic blood pressure and pulse rate, whereas reflect greater

parasympathetic activity.

Furthermore, Ulrich (1993) also associated people’s biological affinity for nature with creative thinking or
performance. As mentioned earlier, ART suggested that restorative environment like natural environment
involves fascinating stimulus that can replenish cognitive capacity. Barron (1969) and MacKinnon (1962)
suggested individual high in creativity tend to be sensitive to sensuous experiences, thus allowing natural
environment with multiple stimulus to have beneficial effects on creative thinking (Ackerman, 1991).
McCoy (2002) investigated the problem of what kinds of physical environments can be conducive to
creativity by comparing participants’ creative performance in setting high in creativity potential with low in
creativity potential. This study suggested that contacting with natural setting or natural materials help to
facilitate creative potential, contrasted with settings with manufactured materials. In addition, natural
environment can also serve as a suitable place for students to explore and challenge new things in school,
which give them an opportunity to foster creativity. Another study carried by Pribadi (2018) successfully
improve students’ science learning achievement and creativity through surrounding natural environment
approach. Students’ creativity improved in terms of ability to learn science contents by measuring the
average scores of creativity test. It is possibly because through directly learning in natural environment,

individual’s mind is open to of thinking, thus supporting student to produce novel ideas.

The majority of researches demonstrated that there is significant correlation between natural environments
and cognitive abilities or emotion, but most of them focus on studying healthy individual’ s improvement on
cognition and emotional state instead of people with cognitive impairment or other deficits. It is unclear
whether ART and SRT can also generalize to individuals with mental disorder, which is also a field worth
exploring. Taylor (2009) recruited twenty-five children from age 7 to 12 and professionally diagnosed with
ADHD to enter the program of natural environments. All participants were required to walk a route in three
different environments (park, downtown and neighborhood) in turn. Before and after exposure to three
settings, participants completed a series of tasks including Digit Span Backwards (DSB), Stroop Color-
Word Test (Dordrill, 1978), Symbol Digit Modalities (SDM; Smith, 1968) and Vigilance Task of the



Gordon Diagnostic System Model 111-R (VT; Gordon, McClure, & Aylward, 1996). Analysis of DSB
scores indicated that participants performed significantly better in DSB after walking in the park than in
neighborhood and downtown. The results are consistent with the theory of attention restoration and extent
previous research into people with ADHD. Likewise, Berman (2012) explored whether walking in natural
environment can improve cognitive ability and affective functioning for individual diagnosed with major
depressive disorder (MDD). In this study, 20 participants with MDD were recruited in this research.
Backward digit-span task and PANAS were used to measure short term memory and emotion, respectively.
Data analysis indicated that interacting with nature facilitated the performance of short-term memory and

positive emotion.

Additionally, another aspect of restorative effects worth exploring is long lasting effects and duration.
According to the study of Gidlow (2016), participants’ emotion, cognitive function and physiological
responses were repeated assessed before walking, after walking immediately, and 30 min after leaving

environment respectively.

And data analysis suggested restorative influence of walking in natural environment on cognitive function
can persist for at least 30 min after walking. From the long-lasting effects of natural environment, it appears
that nature is of particular significant to people than we expected, and people should be encouraged to spend

more time in natural environment.

However, the results of researches concerning attention restorative theory and stress recovery theory are
inconsistent. For example, although Gidlow (2016) found positive influence of natural environment on
cognitive function when contrasted with urban environment, no significant differences were observed
between walking in natural condition and urban condition. Additionally, in the study of Laumann (2003),
participants who watched natural videos did not show significant improvement on voluntary attention and
they made lower attentional shifts than group of watching urban video. One potential reason is that
contacting with natural scenes may decrease automatic arousal. This can result in less spatially selective
attention (Easterbrook, 1959). In terms of the relationship between natural environment and creative
thinking, Kerr (2017) applied an innovative research method called comprehensive literature review to
explore this topic. The results suggested that most interviewees did not agree the idea about natural
environment can be regarded as an inspiration for creative thinking. Furthermore, some participants
indicated that built environments with multiple stimulus can encourage individual to produce more new
ideas. For example, museums, libraries and music venues usually located in urban areas, which provide

citizens with places to seek inspiration and exchange their ideas with other people.
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1.3. The Present Study

Nowadays, college students encounter intense competition in both school and society and many of them feel
stressed and mentally fatigued. It is necessary to provide them with effective ways to restore their cognitive
functioning and emotion. Green space has been generally accepted as a place for people to have a break and
replenish themselves. According to attention restoration theory (ART; Kaplan, 1995, 2001), after interacting
with environments with inherently fascinating stimuli (e.g., sunset, trees), people’ s directed-attention
mechanism may replenish. This means that people who contact with nature environment may have better
performance on the tasks that depend on directed-attention abilities. Previous studies also demonstrate the
restorative effect of natural connection on the mental well-being. Martyn and Brymer (2014) argued that
experience of being connected to nature may reduce unhelpful anxiety. Moreover, outdoor stimulation can
have a positive effect on creative thinking. The research of Oppezzo and Schwartz (2014) suggested walking
outside can be a strategy to increase appropriate novel idea generation. However, studies carried out by
Berman (2008) indicate that not all kinds of outdoor conditions can have cognitive benefits, experiment
showed that participates walked downtown did not improve their performance in directed-attention
measurement. Thus, this theory needs more deep researches due to inconsistent results. Furthermore, there is
limited research explore the restorative effects of natural environment on student population. In addition,

how natural settings can affect creative thinking do not appear as strongly evaluated in previous literatures.

Taken that into account, this study aims to investigate how natural and urban settings can affect
postgraduate students’ cognitive functioning as well as emotional state, and whether there are differences
between influences of natural and urban environments. To address this goal, we employed measures of
attention (backward digit-span; Wechsler, 1955), creative thinking (Guilford’s alternative use test; Guilford,
1967) and affect (PANAS; Watson, Clark, & Tellegen, 1988). Two group were developed to aid in the study
of these aims. Through a pre-test and post-test design, attention, creative thinking and emotion test were
compared across two different conditions. In the first condition, participants were required to view pictures
depicted natural scenes for about 10 minutes. In the second condition, participants were required to view
pictures depicted urban environments for about 10 minutes. The hypotheses of the study were based on
attention restoration theory and stress reduction theory. The results of studies evaluated scores of pre-test
and post-test of natural and urban settings. I tested three main hypotheses. First, I hypothesized that viewing
natural pictures will increase participants’ positive emotion and reduce their negative emotion, when
compared to urban pictures. Second, after viewing natural pictures, participants will perform better in the
test of attention than before, whereas viewing urban pictures will have no significant influence on attention.
Third, viewing natural pictures will help develop participants creative thinking, with more novel ideas in

alternative use test.
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2. Methods

2.1. Design

Using a pre-test post-test design, all participants experienced two sessions of viewing pictures, but they were
randomly assigned to one of two groups of viewing picture in reverse order, with one group viewed natural
pictures firstly and another viewed urban pictures firstly. Each session of viewing picture involved in a pre-
test and a post-test of three different measures (emotion, attention and creative thinking), and the post-test of
viewing first session of pictures will be regarded as the pre-test of the second session of viewing picture. In
this study, participants’ performance in attention, creative thinking and emotion tasks were dependent
variables and viewing images of nature or downtown were independent variables. This within-subject design
was investigated whether participants’ scores on three different measures differed between viewing different

pictures and whether there were significant differences between pre-test and post-test of three measures.

2.2.  Participants

The participants that took part in this study consisted of 32 postgraduate Psychology students from the
University of Glasgow. Students were invited to participate in the study through online social network
advertisements and personal communication. Students included 19 women and 13 men (mean age = 22.2
years, SD = 3.3 years). No exclusion criteria were employed and participation in this study was entirely

voluntary without any reward.

2.3. Materials

Both two types of pictures contained 10 images depicted different environmental categories of scenes. For
natural environments, pictures mainly depicted grassland, lakes, hills, beaches, forests and blue sky.

Downtown pictures primarily depicted views of city streets, housing, industrial zone and skyscrapers.

24. Measures

Digit Span Backwards Task (DSB) was firstly proposed and described by Wechsler (1955) and is widely
used as a standardized measure of concentration (Tennessen & Cimprich, 1995) by assessing working
memory’s number storage capacity. It is useful in detecting impaired attention and has been recommended
to apply in diagnosing of Attention Deficit Hyperactivity Disorder (ADHD) (Hale, Hoeppner, & Fiorello,
2002). When exploring the restoration effects of different environments on cognitive abilities, DSB has also
been proven as an effective measure of attention. Digit-span task can be commonly used primarily because
participants’ performance in the test generally would not be influenced by other factors such as semantics
and complexity. Thus, DSB was used in this experiment to assess participants’ directed attention ability that
mainly depends on attentional focus and personal efforts. In the test, participants heard a sequence of
number and were required to recall the sequence correctly in reverse order. Sequences were three to nine

dicite 1n lenoth with increacinolv lonocer lenoth beino nrecented 1n each trial The final <ccore of thic feqt 1<
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the number of digits in the longest sequences that participants can successfully recall in two consecutive

trials (Wechsler, 1955).

Positive and Negative Affect Schedule (PANAS; Wstson et al., 1988) was used to assess participants’
emotion. PANAS is a self-report questionnaire that yields separate score for positive and negative affect and
consists of two 10-item scales to measure both affects. Mood-related adjectives items (e.g., “enthusiastic”,
“nervous”) were rated on a 5-point scale of one (“very slightly or not at all”) to five (“extremely”) for how
well each item describes participants’ current experiencing of feelings or emotions. PANAS has been
commonly used as measure of mood in group studies as well as clinical work with individual. Moreover,
PANAS also has the potential to assess mental illness. For instance, a study carried by Dyck (1992) has
proved its effectiveness and reliability in distinguishing between depression and anxiety in clinical samples.
In this study, PANAS was used in both pre-test and post-test to investigate changes in participants’ positive
and negative affect when contacting with pictures of different environments. The final score is mean of

scores, and higher average score indicate higher positive and negative affect respectively.

Although it is difficult to specifically define creativity, one of the key components of creative thinking is the
generation of novel idea. Thus, I adapted an operational definition of creative as the production of
appropriate novelty. This study employed Guilford's Alternate Uses Task (Guilford,1967) to measure
creative thinking. Each item in Alternate Uses Task presented the name of common house hold object, such
as a brick, a newspaper. Participants were required to list as many uses as possible for each item within a
limited time. It has been widely used as an effective way for measuring divergent creative thinking and help
participant to generate novel ideas. In this study, the final results of Alternate Uses Task based on the

criteria of fluency, that is, the number of appropriate novel alternate uses on the test.

2.5. Procedure

Participants were invited to meet in the waiting room at the psychology department and then were taken to
an experiment room without any distractions. In the experiment room, researcher provided participants with
information sheets and asked them to sign the consent form before taking part in the experiment.
Participants were seated in front of computer screen and then completed a series of tests presented in this
order: GAU tasks, Digit Span Backwards (DSB) and PANAS. After all the pre-test tasks, participants were
randomly assigned to view either pictures of natural or urban which were presented randomly on table and
participants had only to look freely at the pictures. Picture viewing last about 10 minutes. After viewing all
the pictures, participants completed all tasks the second time followed by another session of viewing
complementary pictures. Next, they completed all tasks the third time. A debriefing sheet is handed out once

they completed the final stage and participants were given the opportunity to ask any question.
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The whole experiment took 1 hour and 30 minutes and participants were tested individually. Ethical

approval was obtained from the School of Psychology Ethics Committee at the University of Glasgow.

3. Results
It has been hypothesized that students’ directed attention abilities measured by Digit Span Backwards test
would vary significantly depending on which pictures they viewed during intervention session. Specifically,
it was predicted that participants’ DSB scores would be higher after viewing pictures depicted natural views
than after exposure to pictures depicted city environment. Additionally, it was also hypothesized that test
scores in Alternate Uses Task show a greater difference in which type of pictures they viewed and
participants who viewed pictures of nature were expected to performed better in the test of Guilford's
Alternate Uses. Finally, it was hypothesized that participants’ affect would also show significant differences

after viewing natural pictures.

I conducted repeated measures analysis of variance (ANOVA), with two within-subject factors: picture
types (nature vs. downtown) and time of test (before picture viewing vs. after picture viewing) for three
measures: attention, creative thinking and affect. Scores of three tests were dependent variable and different
conditions of viewing pictures were independent variable, at both pre-test and post-test. The aim was to test
whether there were significant differences between viewing natural and urban pictures concerning cognitive
functioning and emotion. Data analysis suggested that there are significant interactions between time and
pictures on the performance of Digit Span Backwards test and PANAS. However, no significant time-by-
picture interaction was found in Alternate Uses Task. Additionally, from the follow-up ¢ test, significant
improvement was found only in viewing pictures of natural environment in measures of attention, divergent
thinking and positive emotion, while significant decrease was found in negative emotion. However, no
significant difference was found after viewing downtown pictures. Specific results of each measure are

presented below separately.

3.1. Attention

From 32 participants’ data, mean and standard deviation were calculated for the Digit Span Backwards test
scores. As shown below in Table 1. The mean scores suggest that participants performed better in post-test
regardless of which type of pictures they viewed before. A repeated measure (within-subject) analysis of
variance (ANOVA) was conducted in order to assess the impact on students’ scores on Digit Span
Backwards test across two time period (pre-test vs. post-test) after viewing pictures of either nature or urban

setting. The picture-by-time interaction was of most interest and was found reliable, F (1, 62) = 6.836,p =

0.011, r12 =0.099, showing that the improvement in Digit Span Backwards test performance was greater
after viewing natural pictures than viewing urban pictures (see Graph 1). In the follow-up analysis, I

explored the effects with paired 7 test and found that the improvement after viewing natural pictures was
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highly reliable, t (31) =-5.669, p < 0.0005, d = 0.77; but it was not when viewing urban pictures, t (31) = -
1.161,p =0.255,d =0.19. Additionally, in all analyses, there were no main effects or interactions
associated with viewing order (i.e., view natural pictures first or second), which means the improvement of

performance in Digit Span Backwards test was not simply practice effect.

Table 1: mean and standard deviation for Digit Span Backwards scores

Pre-test Post-test
M SD M SD d
Viewing Natural Pictures 6.43 1.13 7.40 1.36 0.77
Viewing Urban Pictures 6.12 1.38 6.37 1.15 0.19
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Graph 1: effect of viewing natural pictures on attention

3.2.  Creative thinking

As shown below in Table 2, mean and standard deviation were calculated for Guilford's Alternate Uses
Task. The mean GAU scores ae pre-test before viewing pictures of nature was 6.37 with a standard
deviation of 1.40, whilst viewing pictures of downtown was 5.93 with a standard deviation of 1.31. At post-
test, scores of participants viewed pictures of nature increased to 7.08 with a standard deviation of 1.20, and
participants who viewed pictures depicted downtown scenes slightly increased to 6.12 with a standard

deviation of 1.84. A further repeated measure (within-subiect) analvsis of variance (ANOV A) was
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conducted in order to assess the impact on students’ scores on Guilford's Alternate Uses Task after viewing

pictures of either nature or urban setting. The picture-by-time interaction was not reliable, F (1, 62) =3.716,

p =0.058, r12 =0.057. However, the follow-up ¢ tests found that performance on Guilford's Alternate Uses
Task only improved reliably when viewing pictures of nature, t (31) =-3.321, p =0. 002, d = 0.54; but not
when viewing pictures of urban scenes, t (31) =-1.099, p =0.280,d =0.11. The results revealed that

participants’ divergent thinking improved significantly after viewing pictures of nature.

Table 2: mean and standard deviation for Guilford's Alternate Uses Task

Pre-test Post-test
M SD M SD d
Viewing Natural Pictures 6.37 1.40 7.08 1.20 0.54
Viewing Urban Pictures 5.93 1.31 6.12 1.84 0.11
n 7.2
Q 7
6 6.8
8 6.6
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O s —
c 5.8
8 5.6
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Graph 2: effect of viewing natural pictures on Guilford's Alternate Uses Task
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3.3. Mood

Participants’ mood was assessed by Positive and Negative Affect Schedule (PANAS), and positive affect

(PA) and negative affect (NA) were analysed and reported separately below.

Positive affect

The mean scores of PANAS in positive affect were presented below in Table 3. From the mean scores and
standard deviation, it appears that positive affect both increased after viewing intervention but viewing
pictures of nature tend to improve to a greater extent. A follow-up repeated measure analysis of variance
(ANOVA) was conducted to assess the influence on students’ positive affect scores on PANAS after

viewing pictures of either nature or urban setting. Result of ANOVA yield a significant interaction between

time and type of pictures, F (1,62) = 13.616, p=0.000, 112 = 0.180 (see Graph 2). The follow-up ¢ tests
found that the improvement of positive affect after viewing natural pictures was highly reliable, t (31) = -
4.555,p=0.000,d = 0.70; but it was not when viewing urban pictures, t (31) =0.529,p=0.601,d =0.10,

showing that viewing pictures of natural area can significantly improve individual’s positive affect.

Table 3: mean and standard deviation for Positive Affect in PANAS

Pre-test Post-test
M SD M SD d
Viewing Natural Pictures 25.71 3.73 28.31 3.64 0.70
Viewing Urban Pictures 26.21 2.56 25.93 2.68 0.10
29
w28
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= viewing pictures of nature =viewing pictures of downtown

Graph 2: effect of viewing natural pictures on Positive Affect
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Negative affect

The mean scores of PANAS in negative affect were also calculated and presented below in Table 4. Mean
scores of negative emotions show a greater decrease after viewing natural images, whereas when viewing
images of downtown, mean scores slightly increased. A further repeated measure (within-subject) analysis
of variance (ANOV A) was used to explore the influence on students’ scores of negative emotions on
PANAS after viewing pictures of either nature or urban setting. Results of analysis indicated a significant

interaction between time and pictures, F (1,62) =6.924, p=0.011, r12

=0.100, showing that the negative
affect decreased to a greater extent after viewing natural pictures than viewing urban pictures (see Graph3).
furthermore, A follow-up paired ¢ test was conducted to assess the main effects and found that negative
affect was significantly decreased after viewing natural pictures, t (31) =3.674,p=0.001,d =0.61; but it
was not when viewing urban pictures, t (31) =-0.262, p =0. 795, d = 0.05. The results revealed that viewing

natural images can effectively decrease negative emotion compared with downtown images. However,

viewing downtown images may not have significant effect on negative mood.

Table 4: mean and standard deviation for Negative Affect in PANAS

Pre-test Post-test

M SD M SD d
Viewing Natural Pictures 19.43 3.32 17.50 2.90 0.61
Viewing Urban Pictures 16.90 2.70 17.06 3.16 0.05

Graph 3: effect of viewing natural pictures on Negative Affect
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4. Discussion

4.1. Overview of Results and Relation to Previous Theory and Research

This study aimed to investigate the impact of viewing pictures depicted natural views or downtown views on
cognitive functioning and emotional state. It was hypothesized that participants’ performance in attention
and creative thinking tasks would be better after viewing pictures depicted natural views than after exposure
to pictures depicted city environment. Additionally, it was predicted that participants’ affect would also
show significant differences after viewing natural pictures than downtown pictures. Results indicated that
pictures depicted natural environments tend to have higher restorative value than pictures depicted
downtown views, which strongly supported this study’s hypothesis. Specifically, significant and reliable
interaction between time (pre-test and post-test) and type of pictures (nature and downtown) in the scores of
attention, positive affect and negative affect were found in results; but it was not found in the performance
of creative thinking. Moreover, measures of attention ability, creative thinking, positive affect and negative
affect showed significant differences after viewing natural pictures but was not significantly different after

viewing pictures depicted downtown environment.

Attention

As predicted, when participants that were required to view pictures depicted natural environment, they
demonstrated a significantly greater overall accuracy in Digit Span Backwards task after viewing pictures.
In addition, the reliable time-by-picture interaction revealed that natural pictures have significantly better
restorative impact on directed attention than pictures of downtown environments. In this study, Digit Span
Backwards task allowed participants to move items in and out of attentional focus (Cowan, 2001). Thus, the
whole processing in the tasks depends heavily on directed attention mechanisms. This finding is consistent
with Attention Restoration Theory proposed by Kaplan (1989), which assumes that interacting with nature
allows individual to restore directed attention abilities, especially when people suffer from mental fatigue.
Additionally, other cognitive abilities depend on directed attention can be accordingly improved, such as
emotional functioning and short-term memory (Jonides et al., 2008). Therefore, the results of present paper
contribute to the existing knowledge and give some evidence to the Attention Restoration Theory.
Additionally, these findings are also in line with previous study carried out by Berman (2008), which
required participants to walk in two kinds of environments or view the pictures of natural environment and
the results showed that participants performed better in backwards digit-span, which means the recovery of

directed-attention.

Natural pictures may provide participants with a sense of peace, although they are not engaged in real
natural environments in person. Findings in this study suggest that media such as natural pictures also have
restorative value and improve participants’ attention directed by personal awareness and thoughts.

Significant improvement in Digit Span Backwards task means that people tend to be more concentrated and
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focused on tasks after spending some time viewing pictures depicted natural environments. One of the
potential reasons may be the innate intimacy with natural objects and scenes, which enable people to be
more peaceful and relaxed than before. The inner peace helps individual to excluded potential distraction
and become more focused on task in hand. However, in contrasted with nature images, pictures depicted
downtown images may not have the similar restorative influence on individual. It is may due to the fact that
the majority of downtown pictures depicted artificial environments such as busy streets and heavy traffic.
These senses involved in many distractions and stimulus that requiring people to focus attention on them in
order to be safe or achieve goals. Therefore, in built environment, people tend to be more difficult to
concentrate on targets than in nature environments. Consequently, contacting with pictures depicted nature

settings are more likely to facilitate directed attention than downtown pictures.

Creative thinking

Creative thinking has been widely considered as the key competencies nowadays and appropriately use it
allows us to explore the world. Generally, creativity is defined as successfully production of works that are
novel or innovation in public sense (Sternberg and Lubart 1999). Additionally, cognitive process is the basis
of creative thinking since creative activities requires the interaction between convergent thinking and
divergent thinking(creatie). According to Kaplan’ s Theory of Attention Restoration, exposure to nature
environment can benefit cognitive abilities such as attention, thus it can be assumed that other abilities such
as creative thinking that relies on cognitive processing may also improve accordingly. In this study, the
results suggested that scores of Alternate Uses Task increased significantly after viewing pictures of nature
environments, but it was not found in downtown pictures. This finding is also in line with the Theory of
Attention Restoration, that is, natural materials have restorative influence on cognitive abilities. Thus,
divergent thinking may also improve. Additionally, this finding supports the trend reported in a study of
(Oppezzo and Schwartz, 2014), which explored the influence of walking on a treadmill or outside on
participants’ divergent thinking and convergent thinking. Their results suggested that walking outside lead

to improved creative performance on Guilford's Alternate Uses Task.

Improving creative thinking appears to be a complex procedure and involve a series of training due to the
fact that creativity contains different abilities such as convergent thinking, divergent thinking and problem
solving. Although in this study, only divergent thinking was measured by Alternate Uses Task, it still
provides an easier method to develop creative thinking. Findings in this study indicate that natural setting
have the potential to facilitate creativity, which can be served as the fundamental environment of creative

ideation.
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Positive and negative affect

In support of our hypothesis, compared to view downtown pictures, viewing pictures depicted natural
environments improved positive affect and decreased negative affect. These findings build upon previous
studies that were motivated by the Theory of Stress Reduction, which argued that interacting with natural
landscape can naturally generate positive emotional changes and help stress recovery. Findings in this study
extend previous work by comparing the different influence between using natural pictures and downtown
pictures. Results suggested that relative to viewing downtown pictures, images depicted natural environment
have positive impact on emotional state. These findings also in line with previous study of Bratman (2015),
data analysis in their study demonstrated that nature experience is more likely to decrease negative affect

and increase positive affect compared with urban experience.

People tend to keep in a relatively healthy psychological and physiological state when exposure to nature
environment may be due to the innate intimacy with nature. According to the perspective of physiological
anthropology, human beings have existed in natural environment for almost 5 million years. Thus, it can be
predicted that people’s physiological functions are more adapted to natural environment. As a result,
exposure to natural environment can promote relaxation and replenish emotional energy, which is reflected

in the improvement of positive affect and decreasing of negative affect, as shown in findings of this study.

Furthermore, there are many arguments concerning the relationship of emotional state and cognitive abilities.
For example, some theories suggested that improvement of positive affect can result in increases in working
memory capacity through improving levels of dopamine (Ashby, 1999) and broadening behavioral
repertoire (Fredrickson, 2001). Whereas some other researchers indicated that positive emotional state may
lead to poorer performance in cognitive-control ability (Oaksford et al., 1996). In addition, there are still
some other studies demonstrated the selective effects relies on task requirement and stimulation (Phillips et
al., 2002). For instance, the improvement of positive affect has negative impact on performance on tasks
highly depends on focused attention, while it can facilitate performance on tasks depends on creative
activity (Phillips et al., 2002). If participants carried out a test involved in creativity, it is possible that
emotional state would be found to be associated with performance on this test. However, findings in this
study appear to consistent with theories of Ashby and Fredrickson. Although this study does not directly
analyze the correlation and attribution of attention, creative thinking and emotion, participants’ performance
on attention, creativity and positive affect improved after viewing nature images. It is possible to assume
that positive emotion may have benefit on cognitive processing such as focused attention and creativity.

This idea worth researching in future studies.
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4.2.  Strengths and Limitations of the present research and future research suggestion

This study provide evidence for the restorative influences of natural environment by making comparison
with urban environment. Significant differences of performance on attention, divergent thinking and
emotion were found after viewing natural pictures. In this study, it is noteworthy that pictures were
presented to participants in a different way from previous studies (Berman, 2008). Pictures were randomly
presented in the table and participants were required to view these pictures freely instead of viewing pictures
in a sequence within a limited time. This means that participants can decide which pictures they want to
focus on with relaxation. Presenting pictures in this way allowed participants to feel more relaxed and freer
when taking part in this experiment, which create an atmosphere that are similar to real experience when
contacting with natural environment or viewing pictures in daily life. This innovative way of presenting

pictures may shed light on a new perspective for study design.

This study is based on Attention Restoration Theory and Stress Recovery Theory. They provide some
explanations to the mechanisms behind the beneficial influence of natural experiences from different
perspectives. Specifically, ART tends to explain the impact of natural experiences on cognitive abilities,
whereas SRT focused more on the influence on mental health. However, both of them put forward their
theory on the basis of evolutionary theory. They suggested that the intimacy to nature is due to the fact that
human being have been lived in nature environment for a long time and thus it can benefit human being in
terms of physiology and psychology. This is the common premise of them, however, it is difficult to
empirically identify whether the positive impact of natural experiences results from innate intimacy with
nature. Future researches can examine the benefit of nature environment based on other psychological
theories. For example, the Place Attachment Theory, which draws on Bowlby’s attachment theory, mainly
focused on the emotional bond between person and place, as well as the influence of this connections on

individual (Hernaindez, Hidalgo, & Ruiz, 2013).

There are also several limitations concerned methodology. First of all, it is noteworthy that a limitation of
this study is the relatively small sample size (32 participants). However, the size effects analyzed in this
study were larger and a within-subject design were used in this study, which can help to mitigate concerns
about sample size. Another limitation regarding sample is the age of participants is young and they are all
students. Due to a recent study demonstrated that elderly participants tend to have larger effect sizes of
positive influence on natural experience than young people (McMahan & Estes, 2015). It is possible to
separate different ages of participants and explore the distinctive influence among them. Another factor
should be taken into consideration is individual differences. Although this study used within-subjects design,
some other individual diversities such as personality traits can still affect study results. It is also significant
to examine whether individual factors can mediate and regulate the restorative impact of nature. Therefore,

it is necessary for future study to investigate the role of age and individual differences.



22

Additionally, the subjects of exploring restorative experience mainly limited to adults as well as college
students. However, limited research paid attention to preschool children and adolescents who have heavy
work of study, who are also under pressure from work and family. Thus, it is also significant to investigate
whether restorative experience of nature can make some difference on mental and physiological state of

children and adolescents.

Furthermore, this study mainly compared the influence of pictures depicted nature and downtown
environment and it was hypothesized that the impact of nature environment is positive, whereas downtown
environment is negative. However, no control group was designed, so it can only indicate that natural
pictures have more beneficial influence on cognition and emotion compared with downtown pictures while
it is difficult to deduce the restorative influence of natural environment. In this case, it is important for future
study to set a control group in which participants will not receive any manipulation, and thus, a more

scientific study design can be provided to explore the restorative influence of natural environment.

Additionally, according to the Attention Restoration Theory, the premise of restorative influence of natural
environment is mental and physical fatigue. In this study, all participants are postgraduate students and they
participated this study during the period of preparing their dissertation. Additionally, testing took place in
the late afternoon and participants generally spent a tired day. Thus, it can be assumed that participants in
this study were in high levels of anxiety, stress and fatigue. However, in some prior studies, researches
induced participants’ mental fatigue through extra tests like long-time difficult mathematical tests or asking
them to imagine themselves as attentionally fatigue. While in this study, it is hard to say that all participants
have same levels of mental fatigue. Therefore, restorative influence of natural environment may not be fully
reflected, because it is possible that the recovery tends to be more obvious if people feel stressed and tired to
a certain extent. Further study can focus on the problem of how to induce participants’ mental fatigue to the

same levels.

Moreover, is it necessary to improve the standard of choosing environmental images and the way of
presenting these images. In this research, there is no uniform criteria for the selection of stimulating
materials such as images and videos. Specifically, whether images contain factors such as characters and
landmark building. Due to the fact that some pictures contain many complicated information. Therefore, it is
difficult to determine which factor in the picture play a restorative function and which factor play a role in
impeding recovering. The non-standardized pictures are not conductive to researcher’s comparison of
different studies’ s results. Therefore, future studies can try to explore the key factors that have effective

restorative influence and make a uniform criteria of picture selection.

Another limitation is that this study applied pre-test and post-test design to examine the impact of interacting

with nature environment, however, it ignored the facts that some beneficial influence of environment may
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disappear after the interaction. For instance, a study carried out by Bowler et al. (2010) conducted a meta-
analysis of 25 studies concerning nature environment. The results suggested that there is significant positive
influence on participants’ emotional state and focused attention after contacting with natural environment.
However, there is no significant changes in physiological parameters such as blood pressure and cortisol.
Therefore, it is possible to predict that natural impacts on physiological may continue during the experiment,
however, physiological parameters will return to their original levels once the stimulus disappear. Some
studies using natural pictures and videos as stimulus support Bowler’s prediction. They continuously
measured participants’ physiological indicators during the course of experiments and found that these
indicators were significantly influenced by stimulus during the experiment. Consequently, based on previous
researches and measurement of physical parameters, further studies can explore the changes of brain activity
as well as cognitive processing when exposure to nature environment through neuroimaging and eye
movement techniques. This can help us deeply investigate how the positive influence of natural environment

produced and changed.

Although theories concerning the beneficial influence of nature environment is on the basis of theory of
human evolution and intimacy with nature, there is no research has investigated the influence of long-term
exposure to nature environment on person’s psychological and physiological state. It is also significant to
explore the long-lasting influence of natural environment. In this study, participants were required to contact
with natural pictures within a limited time, however, problems such as whether the positive influence can
last for a long time or there will be different influence still remain to be solved. Thus, in addition to measure
the immediate influence of natural environment, future studies can also focus more attention on the long-

term effects of interacting with natural environment using longitudinal study (Bowler et al. 2010).

In addition, this study manipulates the effects of nature and downtown environments through requiring
participants to view images depicted nature and downtown scenes. Compared with some field experiments
that directly expose participants to nature or downtown settings, this study design can effectively control
other confounding variables. For example, uncontrollable factors such as the duration of exposure to
environments, the weather at the time and some unrelated physical activities (walking) appeared in the
experiments can influence the results if organizing participating to directly contact with environment.
However, there are differences between interacting with natural pictures and being in a real natural
environment, especially the lack of olfactory stimuli, which may influence participants’ physiological
changes during the study. Therefore, it is for future study to investigate the differences of natural impact
under the condition of realistic nature setting and manipulated virtual nature setting. Specifically, from the
perspective of physiology, it is worth researching how the neural activities change differently under these

two conditions using neuroimaging techniques.
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Nowadays, the majority of empirical research tend to focus on restorative influence of natural environment
on attention and emotion, whereas limited research tried to investigate other factors that may be also
influenced by natural environment. In the study of Weinstein et al. (2009), they used 4 experiments to
compare the influence of exposure natural pictures, real plants and built environment on motivation (internal
and external motivation) and prosocial behaviors. Results suggested that interacting with natural
environment can improve participants’ internal motivation and prosocial behaviors, whereas external
motivation decreased after exposure to natural environment. However, built environment tend to produce
adverse influence. Additionally, another study (Mayer et al, 2009) suggested that contacting with natural
environment or viewing natural films can improve participants’ reflective ability in life issues. A study
carried out by Zelenski et al. (2015) found that watching films about natural environment can also promote
participants’ cooperative behavior. Therefore, it can be predicted that contacting with natural environment
can have many other positive influences on psychological function. Future study can pay attention on
whether contacting with nature can influence participants’ other characteristics such as gratitude,

forgiveness, responsiveness, creativity and self-control.

4.3. Implications for Practice

This study provides empirical evidence for the restorative benefits of viewing pictures depicted natural
environment. Students’ attention, divergent thinking as well as emotion can benefits from freely viewing

natural pictures, which will have significant implications for our daily life.

Students nowadays, especially for college students, always spent long time studying in school or library.
After studying for a long time, the majority of them tend to have a rest through electronic devices such as
computers and mobile phones. However, this study suggested that viewing natural pictures can serve as an
effective way for them to recovery from mental fatigue. Therefore, students can fully make use of natural
pictures in their rooms. For example, they can hang natural pictures on the wall in their bedrooms and set as
images of desktop in computer or mobile phone. Additionally, according to the ART, it is also beneficial for
students to spend more time contacting with natural environment. For instance, they can choose to walk in a
park after school in order to replenish their attention. Natural environment can also be considered as a place

to regulate and change their emotion when they feel anxiety or depressed.

These findings are also important for universities. It encourages them to create restorative environment for
students. In university campus, there could be more natural landscapes such as grasslands and trees.
Providing students and university staff with natural environment can refresh their mood and begin to work
or study with a better psychological and physiological condition. Additionally, schools can encourage

students to contact with natural environment in spare time in order to take a break.
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5. Conclusion
In conclusion and in support of Attention Restoration Theory (ART) as well as Stress Reduction Theory
(SRT), the present study indicated that viewing natural pictures can significantly improve performance on
the test of focused attention, divergent thinking and positive emotion, as well as significant decrease scores
of negative emotions. However, no significant differences were found after viewing pictures depicted
downtown environment in performances of all measures. In addition to demonstrate the existence of effects
from nature experience and provide strong evidences for the restorative experience occurred from
interacting with natural experience. This study used an innovative way to contact with pictures, that is,
allowing participants to watch pictures freely instead of watching them in a restricted way. This created a
relatively more relaxed atmosphere for participants to feel more similar to contacting with natural
environment in their real life. This study is of significant for both students and universities and seeks to
provide guidance into the ways of replenishing their cognitive abilities including focused attention and
creative thinking. Moreover, natural environments can be proved to be an important part in universities’
campus to provide students with a restorative environment to study with a more refreshing emotional state,

in order to maximize their academic performance.

Moving forward, it is necessary for future studies to focus on investigating the long-term restorative benefits
of natural environment in terms of cognitive abilities and emotional state. In addition, as for the experiment
design concerning restorative influence, future study can try to design it in a stricter way such setting a
control group, inducing participants’ mental fatigue to the same levels and making a uniform criteria of
picture selection. Furthermore, individual diversities such as personality traits are likely to affect study
results. It is also significant to examine whether individual factors can mediate and regulate the restorative
influence of natural environment. Another important aspect need to be further investigated is whether
contacting with nature can influence participants’ other characteristics such as gratitude, forgiveness,
responsiveness, creativity and self-control, which can help to extend the beneficial impacts of natural

environments.
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6. Appendices

Appendix A

The digit-span backward task instructions

In this task, you will hear a sequence of digits. The start and the end of the digit sequence are announced by a red
circle that appears in the center of the screen. Immediately after the second red circle disappears, a response console is
provided.

Enter the digits in the reversed order.

Example: if the sequence ‘7 4 5 1° was presented, enter ‘1 54 7°.

Appendix B

An example of alternative use task
Alternative Uses Task (J.P. Guilford, 1967) version A

You can see a common house hold item below, please think of as many possible uses for the item.

Example: name all the uses for a brick:
A paperweight

A doorstop

A mock coffin at a Barbie funeral
To throw through a window

To use as a weapon

To hit my sister on the head with

AN AW

name all the uses for a paperclip:
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Appendix C

PANAS Questionnaire
The Positive and Negative Affect Schedule (PANAS; Watson et al., 1988)

This scale consists of a number of words that describe different feelings and emotions. Read each
item and then list the number from the scale below next to each word. Indicate to what extent you
feel this way right now, that is, at the present moment OR indicate the extent you have felt this

way over the past week.

Very Slilghtly or A inttle Mod:rately Quit: a Bit Extr:mely
Not at All
1. Interested 11. Irritable
2. Distressed 12. Alert
3. Excited 13. Ashamed
4. Upset 14. Inspired
5. Strong 15. Nervous
6. Guilty 16. Determine
7. Scared 17. Attentive
8. Hostile 18. Jittery
9. Enthusiastic 19. Active

10. Proud 20. Afraid
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