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Abstract 
Green landscapes in colleges and universities have important effects on the 
physiological and psychological indicators of college students. Based on vir-
tual reality technology and environmental emotion perception measurement 
technology, the article constructs three biodiversity virtual reality landscape 
green areas and measures the changes of physiological indexes (brain waves) 
and psychological indexes (anxiety level) during 68 subjects’ experience of 
virtual reality scenes to investigate the effects of different biodiversity green 
areas landscape on human physiological and psychological indexes. The re-
sults showed that: The biodiversity of the green space landscape had signifi-
cant effects on physiological and psychological recovery, in which the high 
biodiversity environment had better recovery effects than the low biodiversi-
ty; however, students were more focused in the low biodiversity environment; 
the effects of the virtual green space landscape on physiological and psycho-
logical were consistent with the real environment. 
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1. Introduction 

Mental fatigue and stress-related mental disorders, depression and anxiety are 
known to be associated with risk factors for personal well-being and positive 
well-being (Martínez-Soto et al., 2014; Pearson & Craig, 2014; Gao et al., 2019a). 
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One in four people suffer from a mental disorder in one of their lives 
(Martínez-Soto et al., 2014). Researchers related to environmental health suggest 
that a green environment may reduce the level of stress-related mental disorders 
and thus enhance positive mental health (Pearson & Craig, 2014; Bratman et al., 
2012; Wood et al., 2017; Dzhambov et al., 2019; Wang et al., 2019a; Wendel-
boe-Nelson et al., 2019; Birch et al., 2020; Loder et al., 2020; Marzukhi et al., 
2020; Dzhambov et al., 2019). For example, Dzhambov et al. (Dzhambov et al., 
2019) have shown that green spaces can provide restorative experiences and 
promote better psychological well-being. 

In the relationship between human health and the environment, the positive 
impact of green space on the development of positive mental health is consi-
dered to be the experience of psychological recovery (Memari et al., 2017). Psy-
chological recovery is the direct effect of contact with green space on promoting 
positive mental health outcomes (Francis et al., 2012; Subiza-Pérez et al., 2020). 
It refers to the renewal of “directed attention skills” that have been depleted 
through continued use in daily life, “physiological changes from tension and 
stress to relaxation,” and “positive mental health outcomes” and “positive mood 
changes” (Korpela et al., 2008). Through a review of the literature, much atten-
tion has been paid to investigating the recovery experiences of green spaces in 
mental health promotion (Martínez-Soto et al., 2014, Dzhambov et al., 2019, 
Dzhambov et al., 2019). The importance of green spaces in improving mental 
health status relates to “promotion of subjective well-being,” “prevention of 
mental disorders,” and “treatment and rehabilitation of patients with mental 
disorders” (Martínez-Soto et al., 2014). 

Many of the methods used by researchers to measure the mental health bene-
fits of green space involve multidimensional definitions of health outcomes, such 
as cognitive and emotional recovery (Martínez-Soto et al., 2014), attention re-
covery (Felsten, 2009), cognitive functioning (Pearson & Craig, 2014), and emo-
tional well-being (Korpela et al., 2014; Marselle et al., 2016). According to the 
World Health Organization (WHO), health is not the absence of disease, but a 
state of physical, mental, and social well-being (Gao et al., 2019a). Social and en-
vironmental stressors, ongoing stress, mental fatigue, and negative emotional 
states can lead to harmful diseases such as heart disease, type II diabetes, and 
mental illness (Martínez-Soto et al., 2014, Memari et al., 2017), especially if 
people neglect to recharge their psycho-physical and emotional resources. 
Therefore, in order to effectively cope with the mental disorders required for 
everyday life, people need to regularly restore impaired resources from a nega-
tive state to a pristine state. 

Themes related to mental health promotion among college students have also 
demonstrated the restorative potential of outdoor campus green spaces in terms 
of students’ psychological recovery and positive mental health development (Liu 
et al., 2018; Gulwadi et al., 2019). According to developmental psychology, col-
lege students (usually aged 18 - 25 years) are in the middle and late adolescence 
and early adulthood, the transition stage from adolescence to adulthood (Feld-
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man, 2010). During this period, college students need to complete a number of 
tasks such as independence from their families of origin, establishing goals for 
self-development, establishing intimate relationships, and rapidly adapting to a 
series of changes in learning style, lifestyle, developmental goals, their roles, and 
interpersonal relationships, in order to prepare for their transition to the adult 
world. The sudden changes and stresses are very likely to induce low self-esteem, 
anxiety, anger, depression, jealousy and other adverse emotions, which greatly 
damage the mental health and physical health of college students (Fan & Mao, 
2016). In recent years, the mental health of college students has received wide-
spread attention from society and academia (He & Luo, 2015). To enhance the 
mental health of college students, the importance of outdoor campus green 
spaces has been recognized as a potentially restorative environment that con-
tributes to their psychological recovery (Adams et al., 2008; Van den Bogerd et 
al., 2020), concentration recovery (Lu & Fu, 2019), and mental fatigue recovery 
(Liu et al., 2018). As many studies have shown, it is possible to enjoy psycho-
logically restorative experiences and mental health benefits in an outdoor envi-
ronment. 

How to create a healthy campus environment has become a research hot spot. 
Established campus landscape-related studies have focused on ecological envi-
ronment, aesthetic quality, activity behavior, and landscape preferences (Hossini 
et al., 2015; Chen & Yu, 2011), and a complete system has not yet been formed 
for campus healthy landscape construction. The natural degree of spatial envi-
ronment is positively correlated with human physical and mental health (Maas 
et al., 2006), and some scholars have studied the differential impact of classroom 
window view greening level (Matsuoka, 2010; Li & Sullivan, 2016) and campus 
green space environment characteristics (Wang et al., 2020) on health, but there 
are fewer studies on the relationship between biodiversity and health. Regarding 
research methods, virtual reality scenes can effectively control research variables, 
reduce interference, and provide realistic immersive environmental experiences 
(Chamilothori et al., 2018), while virtual nature scenes have positive effects on 
subjects’ physiology and psychology (Giovanna et al., 2017), and the effects are 
similar to those of real natural environments (Browning et al., 2019). 

In view of this, this paper selects college green space landscape as the research 
object and constructs virtual reality scenes of different complexity, aiming to ex-
plore the effects of different biodiversity green space landscapes on the physio-
logical and psychological recovery of college students. In order to complement 
the theory and practice of healthy campus landscape and promote the creation 
and improvement of restorative spaces on campus. 

2. Materials and Methods 
2.1. Experimental Procedure 

In this study, green areas with typical vegetation structure in campus green areas 
were selected through field research, and the characteristics were summarized 
and modeled in the modeling software and imported into VR equipment. The 
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subjects’ EEG indicators were monitored and recorded during the VR viewing 
process, and they were asked to fill in the S-AI scale before and after the viewing. 
The data collected from the experiment were then imported into SPSS software 
for relevant data analysis (Figure 1). 

2.2. Experimental Sample Setting 

The experiment selects the atrium of the university teaching building as the blu-
eprint for virtual reality scene model design, applies these landscape elements for 
virtual reality scene design according to the complexity of the green landscape, 
and measures the complexity of the scene according to the biodiversity and 
quantity in the scene, i.e. the more biodiversity, the higher the complexity of the 
scene. In this study, three scenes are designed as experimental samples. The 
three levels of biodiversity are formed into three different virtual scenes of low, 
medium and high. 

2.3. Volunteer Recruitment 

The inclusion criteria for participants were 1) undergraduate and master’s de-
gree students aged 18 - 28 years old; 2) Subjects were required to be in good 
health, not taking any recent medications, not suffering from chronic diseases, 
not abusing alcohol and not smoking; and 3) no strong discomfort with the VR 
experience. The final sample consisted of 68 participants who completed the full 
set of experiments and assessments. 

2.4. Experimental Instruments 
2.4.1. Psychological Signals 
A brief version of the State-Trait Anxiety Inventory (S-AI) was used to measure 
anxiety levels. The brief version of the S-AI consists of six questions: calm, nerv-
ous, relaxed, disturbed, contended, and annoyed, half of which describe positive 
Half of the questions describe positive emotions and half describe negative emo-
tions, and are designed to assess the subject’s immediate or recent experience  

 

 
Figure 1. Experimental design and data gathering organization. 
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or feelings at a particular time. The short version of the S-AI has been tested and 
validated to be as effective as the full version of the S-AI with 20 questions. The 
negative correlations between nervous, disturbed and annoyed and emotional 
recovery performance were inverse scores, with high scores reflecting high levels 
of anxiety in the subjects. 

2.4.2. Physiological Signals 
One of the most commercially successful EEG mobile devices is the Emotiv 
Epoc, a non-invasive real-time brain acquisition device. EEG consists of 16 sen-
sors (including two reference potentials) with a built-in Bluetooth module that 
transmits EEG signals to a computer without any connection cable. It is ergo-
nomic, wireless and low cost compared to other mobile EEG systems. It has also 
shown ways to measure real-time emotions such as stress, excitement and bore-
dom, which can have more complex emotional interpretations. The raw EEG 
signals is translated and classified into ten different emotional states. Boredom, 
Attention, Cognitive Stress, Engagement, Excitement, Focus, Interest, Relaxation 
and Stress were selected as the evaluation indicators of the restoration potential 
of campus green space landscape (Figure 2). 

3. Results 
3.1. Psychological Signals 

Campus green space landscape biodiversity changes had an effect on calm, 
nervous, relaxed, disturbed, and contented changes, but unfortunately, we did 
not find a significant effect of biodiversity on annoyed. As biodiversity in-
creased, relaxed and contented in mood increased, and calm, nervous and dis-
turbed decreased. However, when biodiversity reached a certain level, the effect 
on mood was limited. 

1) Calm: 
The analysis showed that biodiversity (F = 5.016, p = 0.002 < 0.05) could sig-

nificantly affect calm in this experiment, and it could explain 39.5% of the 
change in calm, and biodiversity produced a negative correlation with calm. This 
indicates that reducing biodiversity within the campus green space can signifi-
cantly make people in the environment feel calm (Figure 3). 

2) Nervous: 
The analysis showed that biodiversity (F = 12.407, p = 0.000 < 0.05) could sig-

nificantly affect nervous in this experiment, it could explain 61.8% of the 
changes in nervous, and biodiversity produced a negative correlation with nerv-
ous. Post hoc comparisons revealed that subjects’ nervousness was significantly 
higher when biodiversity within the campus green landscape was single than 
when biodiversity was high and medium, and nervousness was lowest when bio-
diversity was medium. This indicates that campus green space with high biodi-
versity and a large number of people can significantly make people in the envi-
ronment feel nervous (Figure 4). 
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Figure 2. Emotiv Epoc porta-
ble EEG instrument. 

 

 

Figure 3. Calm mean values at different biodiversities. 
 

 

Figure 4. Nervous mean values at different biodiversities. 

 
3) Disturbed: 
The analysis showed that biodiversity (F = 3.830, p = 0.023 < 0.05) could sig-

nificantly affect disturbed in this experiment and it could explain 33.1% of the 
variation in disturbed. Biodiversity was negatively correlated with disturbed. 
Post hoc comparisons revealed that subjects’ disturbed was significantly higher 
when biodiversity within the campus green landscape was single than when bio-
diversity was high and medium, and disturbed was lowest when biodiversity was 
medium. This indicates that all campus green space landscapes with high biodi-
versity significantly disturbed people in the environment, and when the biodi-

https://doi.org/10.4236/jss.2023.113027


M. T. Zhang et al. 
 

 

DOI: 10.4236/jss.2023.113027 384 Open Journal of Social Sciences 
 

versity within the space is medium, people in the space have the lowest disturbed 
values (Figure 5). 

4) Relaxed: 
The analysis results showed that biodiversity (F = 15.543, p = 0.000 < 0.05) 

could significantly affect relaxed in this experiment, and it could explain 67.0% 
of the variation in relaxed. Biodiversity produced a positive correlation with re-
laxed. Post hoc comparisons revealed that subjects’ relaxed was significantly 
higher when biodiversity within the campus green space landscape was high 
than when biodiversity was single and medium. 

This suggests that increasing the biodiversity within the campus green space 
can significantly make people in the environment feel relaxed (Figure 6). 

5) contented: 
The results of the analysis showed that biodiversity (F = 6.079, p = 0.007 < 

0.05) could significantly affect contented in this experiment and they could ex-
plain 33.6% of the variation in contented. Biodiversity produced a positive cor-
relation with contented. Post hoc comparisons revealed that subjects’ contented 
was significantly higher when biodiversity was high and medium within the cam-
pus green landscape than when biodiversity was single, and the difference be-
tween medium or high biodiversity on contented was not significant. This sug-
gests that either high or medium biodiversity significantly contented people in 
the environment (Figure 7). 

 

 

Figure 5. Disturbed mean values at different biodiversities. 
 

 

Figure 6. Relaxed mean values at different biodiversities. 
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Figure 7. Contented mean values at different biodiversities. 

3.2. Physiological Signals 

The recovery performance of biodiversity on physiological signals was signifi-
cant, and it significantly affected Boredom, Cognitive Stress, Interest and Relax-
ation. As biodiversity increased, the EEG signals of Cognitive Stress, Interest and 
Relaxation increased and Boredom decreased. Unfortunately, we did not find sig-
nificant effects of biodiversity on Attention, Visual Attention, Excitement, En-
gagement, Focus, and Stress. However, when biodiversity reached a certain level, 
the effect on EEG was limited. 

1) Boredom: 
The analysis showed that biodiversity (F = 6.107, p = 0.003 < 0.05) could sig-

nificantly affect Boredom in this experiment, and they could explain 44.3% of the 
changes in Boredom. Biodiversity produced a negative correlation with Boredom. 
Post hoc comparisons revealed that subjects’ Boredom was significantly higher 
when biodiversity within the campus green space landscape was single than 
when biodiversity was complex and moderate. This suggests that reducing bio-
diversity within the campus green space can significantly increase the Boredom 
of people in the environment (Figure 8). 

2) Cognitive Stress: 
The analysis results showed that biodiversity (F = 3.814, p = 0.024 < 0.05) 

could significantly affect Cognitive Stress in this experiment, and they could ex-
plain 33.2% of the change in Cognitive Stress. Biodiversity and Cognitive Stress 
produced positive biodiversity was positively correlated with Cognitive Stress. 
Post hoc comparisons revealed that subjects’ Cognitive Stress was significantly 
higher when the biodiversity within the campus green landscape was complex 
and moderate than when the biodiversity was single. This indicates that the 
higher the biodiversity of the campus green landscape, the higher the Cognitive 
Stress of the subjects (Figure 9). 

3) Interest: 
The analysis showed that biodiversity (F = 15.484, p = 0.003 < 0.05) signifi-

cantly influenced Interest in this experiment, and it explained 66.9% of the vari-
ation in Interest. Biodiversity produced a positive correlation with Interest. Post 
hoc comparisons revealed that subjects’ Interest was significantly higher when 
biodiversity within the campus green space landscape was complex than when 
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biodiversity was complex and moderate. This suggests that increasing the biodi-
versity within the campus green space can significantly increase the Interest of 
people in the environment (Figure 10). 

4) Relaxation: 
The results of the analysis showed that biodiversity, a factor reflecting com-

plexity (F = 4.777, p = 0.040 < 0.05), could significantly affect Relaxation in this 
experiment, and it could explain 29.8% of the changes in Relaxation, and biodi-
versity produced a positive correlation with Relaxation. Post hoc comparisons 
revealed that Relaxation increased with the biodiversity within the campus green 
space landscape. This suggests that campus green space landscapes with complex 
biodiversity resulted in the highest Relaxation for the subjects (Figure 11). 

 

 

Figure 8. Boredom means values at different biodiversities. 
 

 

Figure 9. Cognitive Stress means values at different biodiversities. 
 

 

Figure 10. Excitement means values at different biodiversities. 
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Figure 11. Relaxtion means values at different biodiversities. 

4. Discussion 
4.1. Comparison of Physical and Psychological Recovery before  

and after Visual Stimulation of VR Landscapes 

This study compares the different complexity of campus green space before and 
after the different psychological and physiological recovery. Using virtual reality 
equipment, it is found that the recovery score of the respondents decreases after 
viewing three different biological diversity green space virtual environments, 
which means that all three different levels of biological diversity campus green 
space landscape can produce some benefits of psychological recovery. 

Similar to the results of this study, Gao et al. (Gao et al., 2019b) also found 
that the change in EEG was not significant when looking at a blank wall in the 
open-eye state compared to perceiving the landscape space using VR, but in-
stead, the closed-eye state produced a significant change in EEG. A possible ex-
planation for this result is that the staff asked the participants to be as relaxed as 
possible during the experiment and asked each participant to be calm for 2 mi-
nutes before the start of the experiment in order to minimize the differences in 
baseline levels between individuals, during which time the participants were re-
laxed enough and their heart rate was calm, so that the EEG and heart rate va-
riability did not change significantly before and after the visual stimulation of 
the VR landscape (Kjellgren & Buhrkall, 2010). There was no significant change 
in EEG and heart rate variability before and after the visual stimulation of the 
VR landscape (Kjellgren & Buhrkall, 2010). Therefore, studies of brain wave 
changes should pay attention to the control of pre-experimental baseline levels, 
and the experimental procedure of pressure application can be increased to 
more effectively study the role of landscape space on heart rate variability and 
brain wave effects. Another possible explanation is that the photographs of the 
experimental site used in this study were taken from the campus green space, 
which can be seen everywhere in students’ daily life, and the subjects were more 
familiar with such scenes. According to the neurobiological theory, it is difficult 
for people to feel novelty in familiar and usual environments, and the lack of 
novel stimuli makes it difficult for subjects’ brains to produce chemicals such as 
dopamine and endorphins that can awaken positive emotions (Russell, 1980), so 
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some indicators did not change significantly before and after viewing the scenes. 
However, from the overall findings, the emotional signals of Calm, Tense, Re-
laxed, Disturbed, and Satisfied; the physiological signals of Heart Rate and Blood 
Pressure; the EEG signals of Boredom, Attention, Visual Attention, Cognitive 
Stress, Engagement, Excitement Interest, Relaxation, and Stress before and after 
visual stimulation in different sites still show that even a brief experience of view-
ing a natural environment in a VR environment can still bring out the restorative 
benefits of green space, relieve people’s psychological stress, and promote physi-
ological arousal. In the future, photos of green space environments in urban 
parks can be imported into VR devices for daily home relaxation activities for 
patients with hypertension and other conditions that make it difficult to leave 
home, thus promoting physical health and relieving home anxiety. 

4.2. Restorative Differences in Campus Green Space Landscape by  
Biodiversity 

The restorative performance of biodiversity on mood was the most significant, 
which significantly affected calmness, tension, relaxation, irritability, and con-
tentment. As biodiversity increased, the mean values of relaxation and content-
ment in mood increased, and the mean values of calmness, tension and irritabil-
ity decreased. Biodiversity also significantly affected the restorative performance 
of EEG, which significantly affected the mean values of Boredom, Cognitive 
Stress, Excitement and Interest. As biodiversity increased, the mean values of 
Cognitive Stress, Excitement and Interest in the EEG signal increased and the 
mean value of Boredom decreased. Under normal conditions, the human body 
becomes more effective in recovery as the biodiversity in the environment in-
creases, which is consistent with the findings of Ronghua Wang, Bin Jiang et al. 
(Wang et al., 2019b; Jiang et al., 2014; Jamie Tratalos et al., 2007). However, it is 
noteworthy that Gatersleben et al. conducted a similar investigation on a nation-
al forest park in the United Kingdom, and the conclusion was opposite to the 
results of the present experiment, which may be due to the fact that the complex 
wilderness environment of biodiversity drives people to focus their attention in 
order to be prepared to escape in time to meet the danger. The inconsistency 
between the results of this experiment and the above-mentioned studies may be 
due to the differences in the survey samples. Compared with the National Forest 
Park, the campus green space landscape has a clear structure and a neat se-
quence of green spaces that do not generate negative emotions such as tension 
and worry. This may be due to the fact that the complex wilderness environment 
of biodiversity drives people to focus their attention in order to be prepared to 
escape in time to meet the danger. The inconsistency between the results of this 
experiment and the above-mentioned studies may be due to the differences in 
the survey samples. Compared with the National Forest Park, the campus green 
space landscape has a clear structure and a neat sequence of green spaces that do 
not generate negative emotions such as tension and worry (Gatersleben & An-
drews, 2013). 
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4.3. Time Performance Analysis of the Impact of Campus Green  
Space Landscape on College Students’ Physical and Mental  
Health 

Significant changes in physiological indicators indicated that the subjects’ physi-
ological stress was relieved after experiencing the green space landscape. The 47 
min experiments on physiological indicators of heart rate, blood pressure, and 
EEG showed that in the first 5 min of the 36 min recovery process (i.e., the 
11th-16th min of the whole process), the stress levels recovered rapidly; the last 
21 min were relatively stable, and even in the last 5 - 10 min, the stress levels of 
individual indicators showed signs of rebound, indicating that it took 3 - 5 min 
to recover under a certain immediate stress level (i.e., the stress characteristic of 
the applied stress state). This result is more consistent with the study of (Yin et 
al., 2018). In addition, none of the physiological index levels returned to baseline 
levels, suggesting that sympathetic nerves were still active during the 5 min pe-
riod and that more time may be needed to adjust them. The changes in psycho-
logical indicators showed that the subjects showed different degrees of anxiety 
reduction after experiencing the campus green space landscape. 

4.4. Design Suggestions 

Through the experiment, it can be seen that the establishment of a highly restor-
ative campus green landscape needs to increase the biodiversity in the environ-
ment. It should ensure that there are green spaces on campus that serve to en-
hance biodiversity, provide ecosystem services, create opportunities for college 
students to engage with nature, and improve mental health. But it is necessary to 
pay attention to the level of vegetation structure, strengthen the maintenance of 
plant level communities, and pay attention to the level of medium and long term 
scenes to avoid that too dense plants or other shading will not affect the land-
scape line and damage the restoration effect of green landscape. When the scale 
of the site is limited, small water features can also be considered to create. At the 
same time, biodiversity high scene will make people’s attention drop and in-
crease people’s cognitive pressure, so in the landscape design of the campus, in-
volving learning, class space, should not set rich plants and animals. 

4.5. Strengths and Limitations 

Our study adds to the understanding of the relationship between environment 
and health. In this study, we used virtual reality technology combined with var-
ious physiological and psychological indicators (S-AI scale, EEG) in a controlled 
experiment to explore its relationship with human physiological and psycholog-
ical indicators using the complexity of the campus landscape to provide a new 
perspective on cognitive health. In this paper, three virtual green landscapes are 
constructed, which effectively control the gradient changes of research variables, 
reduce the interference factors in the experimental process, make the research 
experiments more scientific and reasonable, and modern virtual reality scenes 
replace the traditional real scenes to provide environmental conditions for rele-
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vant research. 
However, there are still many urgent problems in this study. For example, the 

screened subjects can enrich the representativeness of the sample, but cannot 
avoid the differences in individual work experience and spatial preferences; fac-
tors such as temperature and noise of the field experiment can interfere with the 
recovery performance; the way of measuring physiological signals such as blood 
pressure still lacks precision; this study examines the changes of psychological 
and physiological responses under different types of environments in a short pe-
riod of time, and due to the inconsistency of the time of psychological and phy-
siological changes The present study examined changes in psychological and 
physiological responses in different environmental types over a short period of 
time, and because of the inconsistency in the timing of psychological and physi-
ological changes, the role of environmental recovery can be further explored in 
the future over a longer time frame. It has been demonstrated that sounds and 
smells in the environment can also affect people’s preference levels and restora-
tive experiences. In this study, although VR devices have been shown to function 
as a substitute for real scenes, in order to obtain a more realistic environmental 
experience, other sensory experiences such as smell, hearing, and touch can be 
added together with visual stimuli in the future to explore the effects of mul-
ti-sensory experiences on the restorative effects of green space environments. 

5. Conclusion 

1) Green landscape can relieve the physical and psychological stress of college 
students and promote physical and mental health. 

2) The change of biodiversity is positively correlated with relaxed, contented 
in psychological signal, cognitive stress, interest, and relaxation in physiological 
signal; it is positively correlated with clam, nervous, disturbed in psychological 
signal, and boredom in the physiological signal is negatively correlated. 

3) Over time, the virtual reality environment led to a gradual decrease in its 
effect on the EEG. In this experiment, the recovery benefit of campus green 
landscape biodiversity on EEG was the most significant in the first 5 min after 
the end of pressurization, and the recovery benefit effect decreased significantly 
in the last 5 - 10 min or so of the experiment, and even showed signs of rebound. 
Although VR devices have been shown to replace real scenes, whether the tem-
poral performance of VR scenes on EEG effects is different from that of real en-
vironments which can be studied in the future. 
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