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G W N

Abstract: Previous studies have revealed the restorative effects of exposure to natural environments
on psychological well-being and cognitive performance. Recent studies have reported the effects of
exposure to nature sounds (e.g., the sounds of birds, rainfall, and waves) through a mobile application
on reducing students’ mental fatigue and improving their cognitive performance. However, it remains
unknown whether exposure to nature sounds through a mobile application may influence students’
learning performance. To address the gap, we conducted a study with 71 university students. During
the four-week intervention, 36 students in the experimental group were exposed to nature sounds
through a free mobile application for at least 30 consecutive minutes per day when working on
academic-related tasks; 35 students in the control group did not have such exposure when working
on similar tasks. The results show that students in the experimental group outperformed those in
the control group in their engagement in deep learning, frequency of academic procrastination, and
academic self-efficacy. The findings reveal the promising effects of exposure to nature sounds through
a mobile application on improving students’ learning performance. The implications of the findings
are discussed.

Keywords: exposure to nature sounds; mobile application; learning performance; university students

1. Introduction

Many university students are nowadays suffering from mental fatigue and stress
caused by busy and competitive daily activities [1,2], learning with highly cognitive de-
manding tasks [3,4], and extensive use of digital devices in their daily work [5-10]. Re-
search shows that exposure to natural environments has substantial benefits for improving
psychological well-being (e.g., positive effect) and cognitive performance (e.g., working
memory) [11-16], which have the potential to improve learning performance. A prior
study suggested that exposure to nature sounds (e.g., the sounds of birds, rainfall, and
waves) through a mobile application in daily life can reduce university students’ mental
fatigue and improve their cognitive performance [17]. However, research on whether
exposure to nature sounds in daily life may influence students’ learning performance is
underdeveloped. Therefore, this study aimed to fill the gap by examining the benefits of
exposure to nature sounds through a mobile application in the daily lives of university
students’ learning performances.
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1.1. Impact of Exposure to Nature (Including Nature Sounds)

The benefits of exposure to natural environments on psychological and cognitive
aspects have been extensively investigated by researchers [11-16]. According to the litera-
ture, the psychological and cognitive effects of exposure to nature have been supported by
two widely recognized theories, i.e., stress recovery theory [18,19] and attention restoration
theory [20,21], and were examined in many empirical studies [16,22-25].

Empirical studies have reported the restorative effects of exposure to natural environ-
ments (including nature sounds) in psychological and cognitive dimensions. In terms of the
psychological dimension, exposure to nature can promote positive psychological well-being
and reduce stress [25-27]. For example, Hamann and Ivtzan [25] reported that exposure
to a natural environment for 30 min per day for one month could improve the positive
effects (e.g., happiness, meaning in life, and mindfulness) and decrease the negative effects
(e.g., distress and upset). In terms of the cognitive dimension, exposure to nature can
improve attention and executive function [17,28,29] and boost the flow state [17,30,31].
For example, presenting nature scenes (e.g., Hawaiian beach) through virtual reality in an
open office helped office workers to foster a flow state [30], which is a positive experiential
and mental state highly related to cognitive performance occurring when people are com-
pletely immersed in their activities [32]. Although exposure to nature has shown significant
impacts on improving psychological and cognitive performances, which may influence
learning performance, it remains unknown whether exposure to nature may affect learning
performance [33-35].

Regarding exposure to nature, researchers have further explored the benefits of expo-
sure to visual elements (e.g., natural scenery pictures) and auditory stimuli (e.g., nature
sounds) of natural environments [23,36,37]. For example, a 40-s view of a picture of a
flowering meadow with a green roof was found to be sufficient to boost sustained atten-
tion [36]. Nature sounds (e.g., the sounds of birds, rainfall, and waves) are perceived as
pleasant and relaxing and, thus, they could reduce mental stress and physical tension
(e.g., muscle tension, pulse rate) and improve working memory [1,27,29]. In general, the
potential restorative effects of nature sounds on physiological, psychological, and cognitive
aspects have gained increasing attention [37].

1.2. Potential Impact of Exposure to Nature (Including Nature Sounds) on Learning

Exposure to natural environments is related to positive learning outcomes in edu-
cational settings [38—40]. Research shows that greenness (i.e., the density of trees or the
amount of vegetation) within or surrounding the schoolyard is positively related to student
learning performances [40-43]. A prior study reported that tree cover density within a
1-mile radius of a school is positively associated with the academic performances of stu-
dents, as reflected by American College Test (ACT) scores and colleague readiness [43].
Further, researchers revealed that exposure to green spaces can improve attentional func-
tioning and help students recover from stress and mental fatigue [15,44,45]. These studies
indicated the potential causal relationship between exposure to natural environments and
student learning performances, which, however, has not yet been fully verified.

Existing findings on the effects of exposure to nature on psychological and cognitive
performances provide some insights into the possible effects of exposure to nature (in-
cluding nature sounds) on learning performance. First, exposure to natural environments,
including nature sounds, could help people reach a flow state [17,30,31], which might affect
learning performance. The flow state is a positive experiential and mental state related
to a high level of engagement or complete immersion in certain activities [32]. Research
shows that it is important to help students improve their learning performances through
deep learning, i.e., a high level of engagement in learning to maximize the understand-
ing of learning materials and identify the underlying meaning of learning tasks [46—-49].
Therefore, this study examined the possible effects of exposure to nature sounds on stu-
dents engaging in deep learning, an important measure of learning performances among
university students.
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Second, the benefits of exposure to nature have also been reported as improving
attention and executive functions [17,28,29], which might affect learning performance.
In particular, the attention restoration theory places special emphasis on directed atten-
tion [20,21], which is a resource for self-regulation [50]. Empirical studies found that
exposure to nature can improve self-regulation among different age groups [51-53]. In the
academic context, self-regulation failure could lead to academic procrastination [54,55],
which refers to voluntarily delaying academic tasks despite expecting to be worse off [56].
Due to the increased mental fatigue among university students, academic procrastination
has become an emerging problem and common phenomenon [57]. Therefore, this study
examined the possible effects of exposure to nature sounds on academic procrastination,
an important measure of learning performance among university students.

Third, exposure to nature can promote positive psychological well-being and reduce
stress [25-27], which might lead to a positive effect on effective learning. For example,
using a mobile application to listen to nature sounds for four weeks significantly increases
university students’ positive emotions [17]. Garden-based learning can improve students’
self-esteem and self-confidence in learning [58]. Thus, exposure to nature can affect psycho-
logical indicators directly relevant to learning. In particular, academic self-efficacy, which
refers to students’ beliefs about their abilities to achieve educational goals [59,60], is among
the most significant predictors of university students” academic success [61]. Therefore, this
study examined the possible effects of exposure to nature sounds on academic self-efficacy,
an important measure of learning performance among university students.

1.3. The Present Study

Previous studies have revealed the restorative effects of exposure to natural environ-
ments on psychological well-being (e.g., positive effect) and cognitive performance (e.g.,
working memory), which have the potential to affect learning performance. A prior study
suggested that exposure to nature sounds (e.g., the sounds of birds, rainfall, and waves)
through a mobile application in daily life can reduce university students’ mental fatigue and
improve their cognitive performance [17]. However, it remains unknown whether exposure
to nature sounds through a mobile application in daily life may influence students’ learning
performance. To address the gap, this study investigated the benefits of exposure to nature
sounds through a mobile application in the daily lives of students’ learning performances
in terms of student engagement in deep learning, academic procrastination, and academic
self-efficacy. The following research questions (RQs) were explored in this study:

RQ1: Does exposure to nature sounds through a mobile application in daily life impact
students’” engagement in deep learning?

RQ2: Does exposure to nature sounds through a mobile application in daily life impact
students’ academic procrastination?

RQ3: Does exposure to nature sounds through a mobile application in daily life impact
students” academic self-efficacy?

2. Method
2.1. Participants

The participants were 71 university students from a university located in a highly
competitive city in southeast China. The competitive urban context, busy studying sched-
ules, as well as peer competition regarding academic achievements, internship positions,
and social life, have directly affected university students’ daily lives. They are often busy
attending lectures, working on projects, and participating in academic and social events,
with limited time for exposure to nature. Moreover, they have experienced external pres-
sures in peer competition and job-seeking practices, making them feel mentally exhausted
or mental fatigued [17]. The study received ethical approval from the Human Research
Ethics Committee of the researchers’ university. All participants signed a written consent
form to participate in the study.
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Following the prior power calculation, a sample of 52 participants was needed to
achieve a medium effect size (Cohen’s f = 0.20) with a power of 0.80, alpha of 0.05
(two-tailed), and correlations of 0.50 among repeated measures.

The participants were recruited through an advertisement posted on a social media
platform, with the purpose to approach more participants from diverse backgrounds. We
first received 76 responses and used the SPSS function “random sample of cases” to select
50% of cases from the 1-76 numbering list. The selected participants were assigned to the
experimental group and the rest were assigned to the control group. Five participants who
did not finish the study were excluded from the study. There were 36 students (16 males
and 21 females) in the experimental group and 35 students (13 males and 22 females) in
the control group. No gender difference was found between the two groups (x? = 0.15,
p = 0.70). The mean age of participants was 19.15 years (SD = 1.24).

2.2. Measures
2.2.1. Engagement in Deep Learning

To measure student engagement in deep learning, the deep learning process scale from
the Study Process Questionnaire proposed by Biggs et al. [48] was adopted. It included
10 items, such as “I find that I have to do enough work on a topic so that I can form my
own conclusions before I am satisfied”; “I find most new topics interesting and often spend
extra time trying to obtain more information about them”; and “I test myself on important
topics until I understand them completely”. Participants were asked to respond to these
items on a 5-point Likert scale (from 1 = ‘rarely true of me’ to 5 = ‘almost always true of
me”). Cronbach’s « of the deep learning process scale for the pre- and post-surveys were
0.70 and 0.76, respectively.

2.2.2. Academic Procrastination

The academic procrastination scale was adopted from the Academic Procrastination
State Inventory [62]. It included 13 items that measured how often students “drift off
into daydreams while studying,” or “put off the completion of a task” in their daily life.
All items were measured on a 5-point Likert scale (from 1 = ‘never’ to 5 = ‘always’). The
Cronbach’s « of the academic procrastination scale for the pre- and post-surveys were 0.83
and 0.89, respectively.

2.2.3. Academic Self-Efficacy

To measure the participants’ academic self-efficacy, the 8-item self-efficacy for learning
and performance scale from the Motivated Strategies for Learning Questionnaire [63] was
adopted. Participants were asked to respond to the items such as “I believe I will receive
an excellent grade this semester” on a 5-point Likert scale (from 1 = ‘strongly disagree’
to 5 = ‘strongly agree’). Cronbach’s « of the academic self-efficacy scale for the pre- and
post-surveys were 0.89 and 0.91, respectively.

2.2.4. Weekly Reports and Comments

Weekly reports and open-ended questions were also used to verify the findings from
the above measures. First, this study adapted one item from a previous study [64] to
measure the distraction in learning perceived by participants weekly during the experiment.
Participants responded to this item (“overall, how distracted were you feel during the
learning this week”) on a 6-point Likert scale (from 1 = very serious to 6 = never). Second, the
3-item productivity scale [64] was adapted to measure participants’ learning productivity
weekly during the experiment. Participants were asked to respond to the items (e.g.,
“overall week, I finished the learning task that was most important to me”) on a 6-point
Likert scale (from 1 = strongly disagree to 6 = strongly agree). Cronbach’s « of each learning
productivity scale was 0.83, 0.74, 0.90, 0.84, and 0.87 for the four weeks, respectively. Finally,
the participants in the experimental group were asked to comment on the use of the nature
sound application at the end of the study.
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2.3. Procedure

This study was conducted two weeks after the midterm exam and ended three weeks
before the final exam. The experiment lasted for 4 weeks. Before the experiment (Week 0),
all participants were given an introduction to the experiment, followed by a pre-study
survey on their learning performances (in terms of engagement in deep learning, academic
procrastination, and academic self-efficacy) and their demographic information. They
also completed a survey on perceived distraction and learning productivity, as part of the
weekly reports.

From Week 1 to Week 4, the students assigned to the experimental group were asked
to use a free mobile application for exposure to nature sounds for at least 30 min per day
when they worked on academic-related tasks. The nature sounds used in this study
included computer-simulated sounds of birds, rainfall, waves, and the wind, among others,
which are common types of nature sounds, not region-specific. During the experiment,
each student could freely switch between the above-mentioned types of sounds at any
time during the experiment according to their own interests. Students used the mobile
application individually with earphones while they studied in a library or a study room.
They often studied at a library or a study room to finish their coursework in different
subjects. The students in the control group were asked to learn in a traditional way without
any intervention. In addition, students in both groups were asked to complete a short
weekly survey on perceived distraction and learning productivity.

At the end of Week 4, a post-study survey was administrated to all students to measure
their learning performances (in terms of engagement in deep learning, academic procrasti-
nation, and academic self-efficacy) at the end of the study. Students in the experimental
group were asked to comment on the use of the nature sound application during their study.

2.4. Data Analysis

The mixed analysis of variances (ANOVAs) was conducted to examine the differences
in students” engagement in deep learning, frequency of academic procrastination, and
academic self-efficacy between the two conditions (i.e., experimental and control groups)
and two times (i.e., pre-test and post-test). The mixed ANOVAs could compare the dif-
ferences between the two groups as well as detect the trends from the pre-study to the
post-study. Moreover, the repeated measures ANOVAs were used to analyze students’
perceived distractions and learning productivities over the five time points (from Week 0 to
week 4). Finally, the students’ comments (regarding using the nature sound application)
were summarized to verify the findings.

3. Results

Table 1 presents the descriptive statistics of the students’ learning performances in
terms of student engagement in deep learning, academic procrastination, and academic self-
efficacy. The comparisons of student performances between the two groups are presented
as follows.

Table 1. Descriptive statistics of all variables for both groups.

M Grou Pre-Test Post-Test
easures P Mean SD Mean SD
Deep learnin Experimental group 3.19 0.09 3.48 0.08
p & Control group 3.26 0.06 3.14 0.07
. o Experimental group 271 0.10 2.40 0.10
Academic procrastination Control group 2.74 0.10 2.68 0.11
Experimental group 3.09 0.10 3.16 0.09

Academic self-efficacy Control group 3.20 0.10 2.94 0.10
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3.1. Engagement in Deep Learning

The results of mixed ANOVA on student engagement in deep learning showed no
main effects of both groups [F(1, 69) =1.90, p = 0.17 > 0.05, npz = 0.03] and test time
[F(1, 69) = 3.50, p = 0.07 > 0.05, np? = 0.05]. The interaction between the group and test time
was significant [F(1, 69) = 20.33, p < 0. 001, np? = 0.23]. As shown in Figure 1, the post hoc
analysis indicated that student engagement in deep learning in the experimental group was
significantly improved from the pre-test to post-test [Adjusted Meanyre (SE) = 3.19 (0.08);
Adjusted Meanyst (SE) = 3.48 (0.07), p = 0.000] with a large effect size (Cohen’s f = 0.55).
However, student engagement in deep learning in the control group remained stable from the
pre-test to post-test [Adjusted Meanyye (SE) = 3.26 (0.08); Adjusted Meanyost (SE) = 3.14 (0.08),
p =0.07].

4-
B Experimental

Control
34

2

Scores

Figure 1. Adjusted means (SEs) for deep learning by group and test.

3.2. Academic Procrastination

The results of mixed ANOVA on academic procrastination showed no main effect
of the group [F(1, 69) = 1.34, p = 0.25 > 0.05, np2 = 0.02], but the effect of test time
[F(1, 69) =11.81, p = 0.001 < 0.01, npz = 0.15] was significant. The interaction between the
group and test time was significant [F(1, 69) = 5.80, p = 0.02 < 0. 05, 1p> = 0.08]. As shown in
Figure 2, the post hoc analysis indicated that the academic procrastination of students in the
control group remained stable from the pre-test to post-test [Adjusted Meanyye (SE) = 2.74
(0.10); Adjusted Meanpost (SE) = 2.68 (0.10), p = 0.47]. However, academic procrastination of
those in the experimental group was significantly decreased from the pre-test to post-test
[Adjusted Meanyye (SE) = 2.71 (0.10); Adjusted Meanpost (SE) = 2.40 (0.10), p = 0.000] with
a medium effect size (Cohen’s f = 0.29).

3-
Hl Experimental
Control
2=
w0
[}
e
o
)
1=
0 L] n
-u X x X
& \:@" @ \.'@@
& Q&
) & A o
s Q° N4 Q°

Figure 2. Adjusted means (SEs) for academic procrastination by group and test.
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3.3. Academic Self-Efficacy

The results of mixed ANOVA on academic self-efficacy showed no main effects of both
groups [F(1, 69) =2.25,p=0.14>0.05, npz =0.03] and test time [F(1, 69) =0.19, p = 0.66 > 0.05,
np? = 0.00]. The interaction between the group and test time was significant [F(1, 69) = 7.10,
p=0.01<0. 05, np? = 0.09]. As shown in Figure 3, the post hoc analysis indicated that
the academic self-efficacy of students in the experimental group remained stable from
the pre-test to post-test [Adjusted Meanyye (SE) = 3.09 (0.10); Adjusted Meanpst (SE) = 3.16
(0.10), p = 0.41]. However, academic self-efficacy in the control group was significantly
decreased from the pre-test to post-test [Adjusted Meanyye (SE) = 3.20 (0.10); Adjusted
Meany,ost (SE) = 2.94 (0.10), p = 0.005] with a large effect size (Cohen’s f = 0.31).

4=
Il Experimental
Control
34
0
o
o 24
Q
(7]
14
0 T
LY
) ) )
2::@, \'\_@ e,:\'e, ‘\.'\'e,
< 2 < 2
Q Qo < Q°

Figure 3. Adjusted means (SEs) for academic self-efficacy by group and test.

3.4. Weekly Reports and Students” Perceptions

Perceived distraction. Regarding perceived distraction, Mauchly’s test of sphericity
(p = 0.71) was not significant; therefore, the sphericity was assumed. The results indicated
that there was no main effect of the group [F(1, 69) =1.55, p = 0.22 > 0.05, npz =0.02], but
the main effect of test time was significant [F(4, 276) = 3.59, p = 0.007 < 0.01, npz =0.05]. The
interaction between the group and test time was significant [F(4, 276) = 1.43, p = 0.016 < 0.05,
np? = 0.04]. The post hoc analysis shown in Table 2 indicated that perceived distraction
remained stable in the control group, but decreased in the experimental group. Figure 4
presents the changes.

Table 2. Post hoc analyses on the interaction effects of the group and five times on the perceived

distraction.
Time Adjusted Estimated Means (SE) Comparisons
Experimental WO 3.19 (0.15) W0 =WI1, W0 < W2 ** W0 < W3 ** W0 < W4 ***
W1 3.06 (0.13) W1<W2* W1<W3* W1<W4**
W2 2.72(0.12) W2 =W3, W2 =W4
W3 2.69 (0.11) W3 =W4
W4 2.53 (0.12) -
Control WO 3.06 (0.15) WO0 = W1, W0 = W2, WO = W3, W0 = W4
W1 2.94 (0.13) W1=W2, W1=W3 W1=W4
W2 2.94 (0.12) W2 =W3, W2 =W4
W3 2.83(0.11) W3 = W4
W4 3.09 (0.12) -

*p <0.05,*p <0.01, **p < 0.001. WO = beginning of the study, W14 = Week 1-4. The differences were highlighted
in bold text.
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Control
-& Experimental
3.0
0
g
o
O
77}
2.5
2.0 I I I 1 1
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P S A S
N G S

Figure 4. Adjusted means (SEs) for perceived distraction by group and test.

Learning productivity. With respect to learning productivity, Mauchly’s test of
sphericity (p = 0.000) was significant; therefore, sphericity was not assumed. Meanwhile,
the epsilon was over 0.75. In this case, the results of Huynh-Feldt correction were re-
ported. The results indicated that there were main effects of both groups [F(1, 69) = 10.94,
p=0.001<0.01, m,> = 0.14] and test time [F(3.598, 248.252) = 7.964,
p =0.000 < 0.001, Np~ = 0.10]. The interaction between the group and test time was not
significant [F(3.598, 248.252) = 1.99, p = 0.10 > 0.05, np2 = 0.03]. The results are presented in

Figure 5.
4.5
Control
-# Experimental
4.0
(7]
(]
£
o
O
»n
354 7
3.0 T 1 1 1 1

9 N 92 % ™
" e+ ot &

& & & @ &
A S G
Figure 5. Adjusted means (SEs) for learning productivity by group and test.

The post hoc analysis indicated that the experimental group (Adjusted mean = 3.89,
SE = 0.09) reported a higher level of learning productivity than the control group (Adjusted
mean = 3.48, SE = 0.09). The means (SDs) of the learning productivities for the four weeks
(Weeks 1-4) were 3.30 (0.11), 3.67 (0.09), 3.70 (0.10), 3.84 (0.90), and 3.92 (0.10), respectively.
The results showed that the learning productivity at week 0 was lower than those of the
other four times (p < 0.01 for all) and learning productivity at week 1 was also lower than
that of week 4 (p < 0.05). Moreover, the t-test showed that there was no difference in
learning productivity between the two groups at the beginning of the study [t (69) = 0.38,
p = 0.70 > 0.05]. However, there were consistent differences between the two groups in the
following weeks [t (69) > 2.02, p < 0.05 for all]. The results are shown in Table 3.
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Table 3. Results of the t-tests on learning productivity between two groups across five times.

Week 0 Week 1 Week 2 Week 3 Week 4

Mean (SD) of experimental 53, 90y 384(072) 391(094) 407(073) 429 (0.81)

group

Mean (SD) of control group  3.26 (0.98)  3.50(0.73)  3.49(0.79) 3.60(0.80)  3.54 (0.80)
t 0.38 2.02* 2.03* 2.62*% 3.89 ***
df 69 69 69 69 69

¥ <0.05, % p < 0.001.

Student comments. Students’ comments on using the mobile application for exposure
to nature sounds during the study could be summarized in three aspects. First, nature
sounds can eliminate environmental distractions. For example, some participants (Students
4,9, 19, and 25) mentioned that listening to nature sounds from the mobile application
could block out noises or other interferences (e.g., smartphone notifications) from their
surroundings, and this allowed them to concentrate on learning in a calm environment.
Second, nature sounds are helpful for psychological well-being. Some participants (Students
3,16, 17, and 23) commented that listening to nature sounds could let them easily calm
down, make them feel relaxed, and reduce their anxiety while studying. Third, nature
sounds could help them get into a flow state while studying. Some participants (Students
2, 4, 6, and 22) mentioned that when listening to nature sounds, they could easily im-
merse themselves into a task and even lost track of time. Some students (e.g., Student 26)
commented that they did not realize that they had learned for such a long time.

4. Discussion

The results of this study show that after the 4-week exposure to nature sounds through
a mobile application, students in the experimental group outperformed their counterparts
in the control group on learning performances in terms of engagement in deep learning,
academic procrastination, and academic self-efficacy. The details are discussed as follows.

4.1. Engagement in Deep Learning

The survey results revealed that students with exposure to nature sounds through
a mobile application improved their engagement in deep learning from the beginning to
the end of the study, which was not found in their counterparts in the control group. The
weekly reports indicated decreased distraction from the beginning to the end of the study
perceived by the students with exposure to nature sounds, which was not found in the
control group. Students” comments also indicated that nature sounds can help them get
into a flow state during their study. This finding is consistent with previous studies, which
suggest that exposure to natural environments, including nature sounds, helped students
reach an immersed flow state [17,30,31]. Researchers have suggested that students who
achieve the flow state would be more motivated to carry out further learning activities [65].
They will easily engage in deep learning by immersing themselves in tasks that give
them a feeling of satisfaction; they can work hard before drawing any conclusions and
spend extra time to obtain more relevant information about learning topics [48]. Therefore,
exposure to nature sounds through a mobile application could benefit student engagement
in deep learning.

4.2. Academic Procrastination

The survey results revealed that the academic procrastination of the students using
the nature sound application decreased from the beginning to the end of the study, which
was not found in the control group. The weekly reports showed that the students with
exposure to nature sounds had a higher level of learning productivity than those without
exposure. A possible reason could be that students using the nature sound application
improved their self-regulation, which could reduce their academic procrastination. As
suggested by the literature, exposure to nature could benefit self-regulation among different
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age groups [51-53] through three different pathways [53], i.e., promoting children’s play
outside, protecting against risk factors, and restoration from cognitive depletion. Similarly,
in our case, the finding could be explained in the following three aspects. First, using the
nature sounds application while studying in daily life might foster students to improve
their study habits and become more self-regulated with their studies. Second, exposure to
nature sounds through a mobile application might protect students against distractions
from the surrounding environment. Student comments indicated that nature sounds can
eliminate environmental distractions. In this way, students could concentrate more on
learning and finishing tasks on time and, thus, reduce academic procrastination. Third,
exposure to nature sounds helps to restore cognitive depletion, in particular, directed
attention [20,21], which is a resource for self-regulation [50]. Overall, the result suggests
that exposure to nature sounds through a mobile application has the potential to decrease
academic procrastination, which is a phenomenon among university students that has
received increased attention [57].

4.3. Academic Self-Efficacy

The survey results indicated that students with exposure to nature sounds through a
mobile application maintained their academic self-efficacy during the study, while those
in the control group decreased their academic self-efficacy during the experiment. The
result is supported by the students” weekly reports showing that students who used the
nature sound application had a higher level of learning productivity than those who did
not use the nature sound application. This finding is consistent with previous studies that
suggest that the impact of exposure to nature on improving self-confidence, self-esteem [58],
and cognitive performance [1,27,29] are highly related to self-efficacy. Nowadays, with
the increased demand for students to deal with real-world problems in complex dynamic
environments [66], many students suffer from fatigue or burnout, making it difficult for
them to develop and maintain self-efficacy [67]. Exposure to nature sounds through a
mobile application has the potential to help students maintain self-efficacy by improving
their self-confidence and cognitive performance.

5. Conclusions

This study examined the benefits of exposure to nature sounds through a mobile appli-
cation on university students” learning performance. The results show that students in the
experimental group outperformed those in the control group in terms of their engagement
in deep learning, frequency of academic procrastination, and self-efficacy. While previous
research studies have reported on the positive effects of exposure to natural environments,
including nature sounds on psychological well-being and cognitive performance, the find-
ings of this study shed light on the promising effects of exposure to nature sounds on
improving the learning performances among university students.

The findings have two implications. First, this study extends the theoretical assump-
tions of stress recovery theory and attention restoration theory to academic learning. While
previous studies have suggested an underlying link between exposure to nature and aca-
demic performance, this study moves one step further to reveal the direct link between
exposure to nature sounds and learning performance. Second, with the wide use of mobile
devices and mobile applications in recent years, people (including students) have more
opportunities to access nature sounds, which are important aspects of the natural environ-
ment in one’s daily life. Exposure to nature sounds through a mobile application, which has
shown promising effects in improving psychological well-being and learning performances
among university students, can be introduced to university students to improve their
learning and well-being.

Nevertheless, this study has some limitations. First, this study adopted self-reported
measures to assess learning performance in terms of student engagement in deep learning,
academic procrastination, and academic self-efficacy. Future studies should consider
employing more objective measures (e.g., test scores) to extend the investigation of learning
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performance. Second, the participants of this study were university students from one
university, which may constrain the generalization of the findings to some extent. Future
studies could include students in other age groups and other regions. Third, this study
did not compare the effects of exposure to nature sounds with other contexts, i.e., a real
nature environment. Future studies may consider including one more comparison group
immersed in a real nature environment. Finally, this study did not examine how students’
individual differences (e.g., personality) might influence the effects of exposure to nature
sounds through a mobile application on their learning performances. Future studies are
needed to address this issue.

Author Contributions: Conceptualization, J.L.; data curation, ].L.; formal analysis, J.L.; supervision,
M.W.; validation, M.W., B.C. and M.S.; writing—original draft, ].L. and M.W.; writing—review and
editing, M.S., J.L.,, M.W. and B.C. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was supported by the China Postdoctoral Science Foundation (no. 2021M700465),
General Research Fund from the Research Grants Council of the Hong Kong SAR Government (no.
17201415), National Natural Science Foundation of China (no. 61977023), and the Eastern Scholar
Chair Professorship Fund (no. JZ2017005) from Shanghai Municipal Education Commission of China.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Review Committee of the Health Science Center of Shenzhen
University (No. 2019038, 4 November 2019).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The datasets generated during the current study are not publicly
available due to the ethical requirements but are available from the corresponding author upon
reasonable request.

Acknowledgments: The authors would like to thank the students who participated in this study.

Conflicts of Interest: The authors declare that they have no competing interest.

References

1. Abbott, L.C. The Influence of Natural Sounds on Attention Restoration; The Pennsylvania State University: State College, PA, USA,
2015. Available online: https://etda.libraries.psu.edu/catalog/26421 (accessed on 2 November 2019).

2. Stieger, S.; Aichinger, I.; Swami, V. The impact of nature exposure on body image and happiness: An experience sampling study.
Int. |. Environ. Health Res. 2020, 32, 870-888. [CrossRef] [PubMed]

3. Sweller, J. Cognitive load theory, learning difficulty, and instructional design. Learn. Instr. 1994, 4, 295-312. [CrossRef]

4. van Merriénboer, ].J.G.; Sweller, ]. Cognitive load theory and complex learning: Recent developments and future directions. Educ.
Psychol. Rev. 2005, 17, 147-177. [CrossRef]

5. Di, Z; Gong, X,; Shi, J.; Ahmed, H.O.A.; Nandi, A.K. Internet addiction disorder detection of Chinese college students using
several personality questionnaire data and support vector machine. Addict. Behav. Rep. 2019, 10, 100200. [CrossRef]

6. Lu, J.; Luo, J,; Liang, L.Y,; Jing, M. Measuring Adolescents” Social Media Behavior Outside and Inside of School: Development
and Validation of Two Scales. J. Educ. Comput. Res. 2018, 57, 1108-1130. [CrossRef]

7. Luo, ].; Yeung, P--S.; Li, H. Impact of media multitasking on executive function in adolescents: Behavioral and self-reported
evidence from a one-year longitudinal study. Internet Res. 2022, 32, 1310-1328. [CrossRef]

8.  Wong, PPY.; Wong, G.W.C.; Techanamurthy, U.; Mohamad, W.S.B.; Febriana, A.; Chong, ].C.M. Using social mobile learning to
stimulate idea generation for collective intelligence among higher education students. Knowl. Manag. E-Learn. 2022, 14, 150-169.
[CrossRef]

9. Xie, ]J.; Wang, M.; Hooshyar, D. Student, parent, and teacher perceptions towards digital educational games: How they differ and
influence each other. Knowl. Manag. E-Learn. 2021, 13, 142-160. [CrossRef]

10. Young, K.S. Internet addiction: The emergence of a new clinical disorder. CyberPsychol. Behav. 1998, 1, 237-244. [CrossRef]

11.  Abraham, A.; Sommerhalder, K.; Abel, T. Landscape and well-being: A scoping study on the health-promoting impact of outdoor
environments. Int. J. Public Heal. 2009, 55, 59-69. [CrossRef]

12. Bowler, D.E.; Buyung-Ali, L.M.; Knight, TM.; Pullin, A.S. A systematic review of evidence for the added benefits to health of
exposure to natural environments. BMC Public Health 2010, 10, 456. [CrossRef] [PubMed]

13.  Jo, H.; Song, C.; Ikei, H.; Enomoto, S.; Kobayashi, H.; Miyazaki, Y. Physiological and Psychological Effects of Forest and Urban

Sounds Using High-Resolution Sound Sources. Int. . Environ. Res. Public Heal. 2019, 16, 2649. [CrossRef] [PubMed]


https://etda.libraries.psu.edu/catalog/26421
http://doi.org/10.1080/09603123.2020.1803805
http://www.ncbi.nlm.nih.gov/pubmed/32777941
http://doi.org/10.1016/0959-4752(94)90003-5
http://doi.org/10.1007/s10648-005-3951-0
http://doi.org/10.1016/j.abrep.2019.100200
http://doi.org/10.1177/0735633118786851
http://doi.org/10.1108/INTR-01-2021-0078
http://doi.org/10.34105/j.kmel.2022.14.009
http://doi.org/10.34105/j.kmel.2021.13.008
http://doi.org/10.1089/cpb.1998.1.237
http://doi.org/10.1007/s00038-009-0069-z
http://doi.org/10.1186/1471-2458-10-456
http://www.ncbi.nlm.nih.gov/pubmed/20684754
http://doi.org/10.3390/ijerph16152649
http://www.ncbi.nlm.nih.gov/pubmed/31344973

Int. |. Environ. Res. Public Health 2022, 19, 14583 12 of 13

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.
24.

25.

26.

27.

28.

29.

30.

31.
32.
33.
34.

35.
36.

37.

38.

39.

40.

41.

42.

43.

44.

Kondo, M.C.; Jacoby, S.F; South, E.C. Does spending time outdoors reduce stress? A review of real-time stress response to
outdoor environments. Heal. Place 2018, 51, 136-150. [CrossRef] [PubMed]

Li, D.; Sullivan, W.C. Impact of views to school landscapes on recovery from stress and mental fatigue. Landsc. Urban Plan. 2016,
148, 149-158. [CrossRef]

Song, C.; Ikei, H.; Miyazaki, Y. Physiological Effects of Visual Stimulation with Forest Imagery. Int. J. Environ. Res. Public Heal.
2018, 15, 213. [CrossRef]

Luo, J.; Wang, M.; Chen, L. The Effects of Using a Nature-Sound Mobile Application on Psychological Well-Being and Cognitive
Performance Among University Students. Front. Psychol. 2021, 12, 699908. [CrossRef]

Ulrich, R.S. Aesthetic and affective response to natural environment. In Behavior and the Natural Environment; Altman, 1., Wohlwill,
J.F.,, Eds.; Springer: Berlin/Heidelberg, Germany, 1983; pp. 85-125.

Ulrich, R.S.; Simons, R.E; Losito, B.D.; Fiorito, E.; Miles, M.A.; Zelson, M. Stress recovery during exposure to natural and urban
environments. J. Environ. Psychol. 1991, 11, 201-230. [CrossRef]

Kaplan, S. The restorative benefits of nature: Toward an integrative framework. J. Environ. Psychol. 1995, 15, 169-182. [CrossRef]
Kaplan, R.; Kaplan, S. The Experience of Nature: A Psychological Perspective; Cambridge University Press: Cambridge, UK, 1989.
Berman, M.G.; Jonides, ]J.; Kaplan, S. The Cognitive Benefits of Interacting with Nature. Psychol. Sci. 2008, 19, 1207-1212.
[CrossRef]

Berto, R. Exposure to restorative environments helps restore attentional capacity. J. Environ. Psychol. 2005, 25, 249-259. [CrossRef]
Berto, R. The Role of Nature in Coping with Psycho-Physiological Stress: A Literature Review on Restorativeness. Behav. Sci.
2014, 4, 394-409. [CrossRef] [PubMed]

Hamann, G.A; Ivtzan, I. 30 Minutes in Nature a Day Can Increase Mood, Well-Being, Meaning in Life and Mindfulness: Effects
of a Pilot Programme. Soc. Ing. Well-Being 2016, 2, 34-46. [CrossRef]

Hartig, T.; Evans, G.W.; Jamner, L.D.; Davis, D.S.; Garling, T. Tracking restoration in natural and urban field settings. J. Environ.
Psychol. 2003, 23, 109-123. [CrossRef]

Largo-Wight, E.; O’Hara, B.K.; Chen, W.W. The efficacy of a brief nature sound intervention on muscle tension, pulse rate,
and self-reported Stress: Nature contact micro-break in an office or waiting room. Health Environ. Res. Des. |. 2016, 10, 45-51.
[CrossRef] [PubMed]

Barton, R. Sounds of Nature: What Influences of Nature-Based and Non-Nature-Sounds? University of Surrey: Guildford, UK,
2018. [CrossRef]

Van Hedger, S.C.; Nusbaum, H.C.; Clohisy, L.; Jaeggi, S.M.; Buschkuehl, M.; Berman, M.G. Of cricket chirps and car horns: The
effect of nature sounds on cognitive performance. Psychon. Bull. Rev. 2019, 26, 522-530. [CrossRef] [PubMed]

Ruvimova, A.; Kim, J.; Fritz, T.; Hancock, M.; Shepherd, D.C. “Transport me away”: Fostering flow in open offices through virtual
reality. In Proceedings of the 2020 CHI Conference on Human Factors in Computing Systems, Honolulu, HI, USA, 25-30 April
2020; pp. 1-14. [CrossRef]

Schatz, M. The Effect of Virtual Reality on Creativity: Evaluating the Impact of a Nature Environment via Interactive Displays on Creativity;
Cornell University: Ithaca, NY, USA, 2019. [CrossRef]

Csikszentmihalyi, M. Flow: The Psychology of Optimal Performance; Harper and Row: New York, NY, USA, 1990.

Bruer, ].T. Education and the Brain: A Bridge Too Far. Educ. Res. 1997, 26, 4-16. [CrossRef]

Horvath, J.C.; Donoghue, G.M. A Bridge Too Far—Revisited: Reframing Bruer’s Neuroeducation Argument for Modern Science
of Learning Practitioners. Front. Psychol. 2016, 7, 377. [CrossRef]

Szucs, D.; Goswami, U. Definition and Role of an Emerging Discipline. Mind Brain Educ. 2007, 1, 114-127. [CrossRef]

Lee, K.E; Williams, K.J.; Sargent, L.D.; Williams, N.S.; Johnson, K.A. 40-second green roof views sustain attention: The role of
micro-breaks in attention restoration. J. Environ. Psychol. 2015, 42, 182-189. [CrossRef]

Ratcliffe, E. Sound and Soundscape in Restorative Natural Environments: A Narrative Literature Review. Front. Psychol. 2021, 12,
570563. [CrossRef]

Browning, M.H.E.M.; Rigolon, A. School Green Space and Its Impact on Academic Performance: A Systematic Literature Review.
Int. ]. Environ. Res. Public Health 2019, 16, 429. [CrossRef] [PubMed]

Matsuoka, R.H. Student performance and high school landscapes: Examining the links. Landsc. Urban Plan. 2010, 97, 273-282.
[CrossRef]

Wu, C.-D.; McNeely, E.; Cedefio-Laurent, ].G.; Pan, W.-C.; Adamkiewicz, G.; Dominici, F.; Lung, S.-C.C.; Su, H.-].; Spengler, ].D.
Linking Student Performance in Massachusetts Elementary Schools with the “Greenness” of School Surroundings Using Remote
Sensing. PLoS ONE 2014, 9, €108548. [CrossRef] [PubMed]

Kuo, M.; Browning, M.H.E.M.; Sachdeva, S.; Lee, K.; Westphal, L. Might school performance grow on trees? Examining the link
between “Greenness” and academic achievement in Urban, high-poverty schools. Front. Psychol. 2018, 9, 01669. [CrossRef]
Kweon, B.-S; Ellis, C.D.; Lee, J.; Jacobs, K. The link between school environments and student academic performance. Urban For.
Urban Green. 2017, 23, 35-43. [CrossRef]

Li, D.; Chiang, Y.-C.; Sang, H.; Sullivan, W.C. Beyond the school grounds: Links between density of tree cover in school
surroundings and high school academic performance. Urban For. Urban Green. 2019, 38, 42-53. [CrossRef]

Kuo, M.; Browning, M.H.E.M.; Penner, M.L. Do Lessons in Nature Boost Subsequent Classroom Engagement? Refueling Students
in Flight. Front. Psychol. 2018, 8, 2253. [CrossRef]


http://doi.org/10.1016/j.healthplace.2018.03.001
http://www.ncbi.nlm.nih.gov/pubmed/29604546
http://doi.org/10.1016/j.landurbplan.2015.12.015
http://doi.org/10.3390/ijerph15020213
http://doi.org/10.3389/fpsyg.2021.699908
http://doi.org/10.1016/S0272-4944(05)80184-7
http://doi.org/10.1016/0272-4944(95)90001-2
http://doi.org/10.1111/j.1467-9280.2008.02225.x
http://doi.org/10.1016/j.jenvp.2005.07.001
http://doi.org/10.3390/bs4040394
http://www.ncbi.nlm.nih.gov/pubmed/25431444
http://doi.org/10.13165/SIIW-16-2-2-04
http://doi.org/10.1016/S0272-4944(02)00109-3
http://doi.org/10.1177/1937586715619741
http://www.ncbi.nlm.nih.gov/pubmed/26744039
http://doi.org/10.15126/thesis.00852612
http://doi.org/10.3758/s13423-018-1539-1
http://www.ncbi.nlm.nih.gov/pubmed/30367351
http://doi.org/10.1145/3313831.3376724
http://doi.org/10.7298/p780-7j04
http://doi.org/10.3102/0013189X026008004
http://doi.org/10.3389/fpsyg.2016.00377
http://doi.org/10.1111/j.1751-228X.2007.00012.x
http://doi.org/10.1016/j.jenvp.2015.04.003
http://doi.org/10.3389/fpsyg.2021.570563
http://doi.org/10.3390/ijerph16030429
http://www.ncbi.nlm.nih.gov/pubmed/30717301
http://doi.org/10.1016/j.landurbplan.2010.06.011
http://doi.org/10.1371/journal.pone.0108548
http://www.ncbi.nlm.nih.gov/pubmed/25310542
http://doi.org/10.3389/fpsyg.2018.01669
http://doi.org/10.1016/j.ufug.2017.02.002
http://doi.org/10.1016/j.ufug.2018.11.001
http://doi.org/10.3389/fpsyg.2017.02253

Int. |. Environ. Res. Public Health 2022, 19, 14583 13 of 13

45.

46.
47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.
60.

61.

62.

63.
64.
65.
66.

67.

van den Berg, A.E.; Wesselius, ].E.; Maas, J.; Tanja-Dijkstra, K. Green Walls for a Restorative Classroom Environment: A Controlled
Evaluation Study. Environ. Behav. 2017, 49, 791-813. [CrossRef]

Biggs, J. Student Approaches to Learning and Studying; Australian Council for Education Research: Hawthorn, Australia, 1987.
Biggs, ]. What do inventories of students’ learning process really measure? A theoretical review and clarification. Br. J. Educ.
Psychol. 1993, 83, 3. [CrossRef]

Biggs, J.; Kember, D.; Leung, D.Y. The revised two-factor Study Process Questionnaire: R-SPQ-2F. Br. J. Educ. Psychol. 2001, 71,
133-149. [CrossRef]

Kusurkar, R.A.; Croiset, G.; Galindo-Garré, E; Ten Cate, O. Motivational profiles of medical students: Association with study
effort, academic performance and exhaustion. BMC Med. Educ. 2013, 13, 87. [CrossRef] [PubMed]

Kaplan, S.; Berman, M.G. Directed Attention as a Common Resource for Executive Functioning and Self-Regulation. Perspect.
Psychol. Sci. 2010, 5, 43-57. [CrossRef] [PubMed]

Bakir-Demir, T.; Berument, S.K.; Sahin-Acar, B. The relationship between greenery and self-regulation of children: The mediation
role of nature connectedness. J. Environ. Psychol. 2019, 65, 101327. [CrossRef]

Beute, F.; de Kort, Y.A.W. Natural resistance: Exposure to nature and self-regulation, mood, and physiology after ego-depletion.
J. Environ. Psychol. 2014, 40, 167-178. [CrossRef]

Weeland, ].; Moens, M.A.; Beute, E; Assink, M.; Staaks, ].P.; Overbeek, G. A dose of nature: Two three-level meta-analyses of the
beneficial effects of exposure to nature on children’s self-regulation. J. Environ. Psychol. 2019, 65, 101326. [CrossRef]

Pychyl, T.A.; Flett, G.L. Procrastination and Self-Regulatory Failure: An Introduction to the Special Issue. J. Ration. Cogn. Ther.
2012, 30, 203-212. [CrossRef]

Rozental, A.; Carlbring, P. Understanding and Treating Procrastination: A Review of a Common Self-Regulatory Failure.
Psychology 2014, 5, 1488-1502. [CrossRef]

Steel, P. The nature of procrastination: A meta-analytic and theoretical review of quintessential self-regulatory failure. Psychol.
Bull. 2007, 133, 65-94. [CrossRef]

Tao, X.; Hanif, H.; Ahmed, H.H.; Ebrahim, N.A. Bibliometric Analysis and Visualization of Academic Procrastination. Front.
Psychol. 2021, 12, 722332. [CrossRef]

Ruiz-Gallardo, J.-R.; Verde, A.; Valdés, A. Garden-Based Learning: An Experience with “At Risk” Secondary Education Students.
J. Environ. Educ. 2013, 44, 252-270. [CrossRef]

Bandura, A. Self-efficacy: Toward a unifying theory of behavioral change. Adv. Behav. Res. Ther. 1978, 1, 139-161. [CrossRef]
Elias, S.M.; MacDonald, S. Using Past Performance, Proxy Efficacy, and Academic Self-Efficacy to Predict College Performance.
J. Appl. Soc. Psychol. 2007, 37, 2518-2531. [CrossRef]

Richardson, M.; Abraham, C.; Bond, R. Psychological correlates of university students” academic performance: A systematic
review and meta-analysis. Psychol. Bull. 2012, 138, 353-387. [CrossRef] [PubMed]

Schouwenrg, H.C. Academic procrastionation: Theoretical notions, measurement, and research. In Procrastination and Task
Avoidance: Theory, Research, and Treatment; Ferrari, J.R., Johnson, J.L., McCown, W.G., Eds.; Springer Science: Berlin/Heidelberg,
Germany, 1995; pp. 71-96.

Pintrich, PR.; Smith, D.A.F.; Garcia, T.; McKeachie, W.J. Reliability and Predictive Validity of the Motivated Strategies for Learning
Questionnaire (Mslq). Educ. Psychol. Meas. 1993, 53, 801-813. [CrossRef]

Kushlev, K.; Dunn, E.W. Checking email less frequently reduces stress. Comput. Hum. Behav. 2015, 43, 220-228. [CrossRef]
Engeser, S.; Rheinberg, F. Flow, performance and moderators of challenge-skill balance. Motiv. Emot. 2008, 32, 158-172. [CrossRef]
Chen, J.; Wang, M.; Grotzer, T.A.; Dede, C. Using a three-dimensional thinking graph to support inquiry learning. J. Res. Sci.
Teach. 2018, 55, 1239-1263. [CrossRef]

Leiter, M.P. Burn-out as a crisis in self-efficacy: Conceptual and practical implications. Work Stress 1992, 6, 107-115. [CrossRef]


http://doi.org/10.1177/0013916516667976
http://doi.org/10.1111/j.2044-8279.1993.tb01038.x
http://doi.org/10.1348/000709901158433
http://doi.org/10.1186/1472-6920-13-87
http://www.ncbi.nlm.nih.gov/pubmed/23782767
http://doi.org/10.1177/1745691609356784
http://www.ncbi.nlm.nih.gov/pubmed/26162062
http://doi.org/10.1016/j.jenvp.2019.101327
http://doi.org/10.1016/j.jenvp.2014.06.004
http://doi.org/10.1016/j.jenvp.2019.101326
http://doi.org/10.1007/s10942-012-0149-5
http://doi.org/10.4236/psych.2014.513160
http://doi.org/10.1037/0033-2909.133.1.65
http://doi.org/10.3389/fpsyg.2021.722332
http://doi.org/10.1080/00958964.2013.786669
http://doi.org/10.1016/0146-6402(78)90002-4
http://doi.org/10.1111/j.1559-1816.2007.00268.x
http://doi.org/10.1037/a0026838
http://www.ncbi.nlm.nih.gov/pubmed/22352812
http://doi.org/10.1177/0013164493053003024
http://doi.org/10.1016/j.chb.2014.11.005
http://doi.org/10.1007/s11031-008-9102-4
http://doi.org/10.1002/tea.21450
http://doi.org/10.1080/02678379208260345

	Introduction 
	Impact of Exposure to Nature (Including Nature Sounds) 
	Potential Impact of Exposure to Nature (Including Nature Sounds) on Learning 
	The Present Study 

	Method 
	Participants 
	Measures 
	Engagement in Deep Learning 
	Academic Procrastination 
	Academic Self-Efficacy 
	Weekly Reports and Comments 

	Procedure 
	Data Analysis 

	Results 
	Engagement in Deep Learning 
	Academic Procrastination 
	Academic Self-Efficacy 
	Weekly Reports and Students’ Perceptions 

	Discussion 
	Engagement in Deep Learning 
	Academic Procrastination 
	Academic Self-Efficacy 

	Conclusions 
	References

