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Abstract: Forests are large-scale green space resources that may exert a positive impact on human
physiology and psychology. Forests can be divided into mixed forest and pure forest, according to
the number of dominant tree species. Pure forest offers specific advantages for the study of spatial
structure and scale. In this study, a type of pure forest (i.e., bamboo forest) was adopted as a research
object to investigate differences in the physiological and psychological responses of psychologically
pressured college students to different types of forest space. We recruited 60 participants and randomly
assigned them to three experimental groups: forest interior space (FIS), forest external space (FES)
and forest path space (FPS). All participants were asked to perform the same pre-test task but different
post-test tasks. The pre-test involved performing a pressure-inducing task, whereas the post-test
involved viewing photographs of each space type. The same indicators were measured in both the
pre- and post-test, including a β/α index from each lobe, positive emotion, negative emotion and
total mood disturbance (TMD) values, according to the profile of mood states (POMS), in addition to
spatial scale preferences obtained through a questionnaire and interviews. We analysed brain waves
and mood indicators through analysis of covariance (ANCOVA), whereby the FES group exhibited
the best physiological and psychological relaxation effect. The FPS group displayed a medium effect,
and the FIS group exhibited the worst effect. Analysis of variance (ANOVA) was used to analyse
the spatial scale scores. The FPS and FES types achieved a higher spatial scale preference scores
than the FIS type. Based on a comparison of the psychophysiological results with the spatial scale
preference results, spatial structure and scale are considered to be important intrinsic factors that
influence the health effects of pure forest. The results can provide guidance for forest-related human
health activities and their management.
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1. Introduction

With the development of cities and villages, the relationship between human beings and green
land is also changing. In dense urban areas, human beings are primarily exposed to small- and
medium-sized urban green spaces [1–3], while in non-urban areas, humans have the opportunity to
fully integrate into large natural green spaces. Forests are valuable large-scale green space resources
that can be divided into mixed forest and pure forest. Mixed forest consists of two or more species,
whereas pure forest consists of primarily one species. Most mixed forests are not plantations but are
formed naturally over a long period of time. In certain respects, mixed forest has advantages over pure
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forest. For example, mixed forest is more effective than pure forest in improving regional microclimate,
increasing forest material reserves, and promoting material circulation and landscape diversity [4–6].
However, mixed forest is greatly inferior to pure forest in terms of economic efficiency and growth rate,
particularly in countries and regions with urgent development needs. For developing regions that must
rapidly transform their environments and increase their forest resources, pure forest is undoubtedly a
better choice. For example, China’s reforestation programme, a national effort underway since the
beginning of the last century, is 90% pure forest.

However, faced with a large amount of pure forest, many countries and regions, including China,
are further considering the scientific use of such forests. Forests are important ecological environments
and resources that provide not only ecological and economic benefits, but also important health benefits.
Many urban residents benefit from forest tourism and forest therapy activities. Studies on forest health
benefits typically focus on physiological and psychological indicators to confirm the impact of forests
on the human body [7,8].

The health benefits of forests have been confirmed by researchers, particularly with respect to
mixed forests [9–12]. In recent research on the physiological and psychological effects of forests, mixed
forest studies focus more on the effects of plant diversity and forest elements. Species within pure
forests are relatively homogenous, so there is little variation in plant diversity or elements for most
pure forest spaces, and, thus, plant diversity and forest elements may not reflect the primary inherent
causes of the health effects of pure forests [13]. However, this characteristic of pure forest facilitates
studying the effect of forest spatial structure. This study aims to investigate the health effects of pure
forest of differing spatial type and scale.

1.1. Forest Health Benefits and the Effect of Forest on Physiological and Psychological Stress

Numerous studies have shown there is a close relationship between the health benefits of forests
and human physiological and psychological responses. Studies by Lee et al. have shown that
individuals suffering from illness can strengthen their immune systems and benefit in other ways
through long-term forest therapy [14]. Chen et al. noted that short-term forest activities, such as
walking or sitting, can reduce physical and psychological stress and improve attention and cognitive
ability [9]. Hassan et al. conducted a bamboo forest activity experiment on individuals suffering from
stress, and found that these individuals exhibited signs of physiological relaxation, such as reduced
blood pressure and increased α waves (a type of brain wave that indicates relaxation), as well as signs
of psychological and emotional relaxation [15]. A large number of studies have used photographs of
forests as stimulus sources. For example, studies by Chiang et al. showed that the forest environment
had positive effects on, e.g., brain waves, emotions and attention, when participants were shown
photos of forests for 5–20 min [9,16]. In brief, previous studies have shown that the health benefits of
forests are reflected in psychological indicators, such as mood and cognition, as well as physiological
indicators, such as blood pressure, heart rate variability and brain waves.

Physiological and psychological stress is a daily health concern for today’s youth. Forest activities
or forest viewing can provide relief from stress. This study focuses on a youth population of college
students by considering psychological stress, as assessed with the profile of mood states (POMS)
questionnaire [17], and physiological stress, as assessed according to brain waves [18,19], both of which
are commonly used indicators in previous studies. There are many types of brainwave indicator, such
as single indices (θ, α, β) and index ratios (θ/β, β/α, θ/(α+β), (α+θ)/β, (α+θ)/(α+β)) [20]. This study
used the β/α index ratio (β waves are associated with alertness, while α waves are associated with
relaxation) as a brainwave indicator to describe the level of physiological stress. The β/α index has
been considered to possess good evaluation value in previous studies [21,22]. The higher the β/α is, the
more nervous the subject. Conversely, the lower the index is, the more relaxed and calm the subject. In
previous studies, the POMS questionnaire has been used to assess psychological stress [16]. One of the
questionnaire’s advantages is its easy-to-understand content. In addition, the POMS questionnaire has
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multiple subscales, enabling one to assess subject emotions in multiple dimensions and then aggregate
them into “positive mood”, “negative mood” and “total mood disturbance” (TMD).

1.2. Spatial Scale Effects and Space Types of Pure Forest

A change in spatial scale causes changes in other factors in a space, such as sound, temperature
and humidity, as well as light. Watts et al. noted that sound in a landscape space is correlated with
the degree of anxiety of the perceiver [23]. Krzywicka found that people have different preferences
for sounds in landscape space [24]. The relationship between space and the human body has been
studied in the fields of environmental behaviour, architecture and landscape science, as well as in their
intersections. Scholars in the field of architecture and urban planning have found that spatial structure
influences the physiological and psychological responses of individuals in the environment through
various aspects, such as scale, stimulus approaches and location relations. Jan Gehl suggested that the
spatial structure determines function and further influences the activities of the individuals in the space.
He also noted that space is divided into centralized and dispersed space and can be understood as
centripetal and centrifugal [25]. According to Edward Hall’s theory, the three-dimensional scale of space
influences people’s feelings. Hall proposed four types of spatial distance in human communication [26].
Bryan Lawson noted that space is stimulating to the human body and that two-thirds of the human
perception of space comes from vision [27]. Such findings suggested to us that spatial scale might have
an impact on the health benefits of forest viewing.

The proportion of the dominant tree species in pure forest is typically more than 90%, so the
structure of the pure forest can be regarded as a space created by repeated individual trees, but on
different scales. This phenomenon is important and makes such forests a suitable object through which
to study the relationship between spatial scale and health benefits. In Chiang et al.’s study, forest space
was classified by location into external space, internal space and edge space. This classification scheme
was created for a mixed forest, and based on obvious biodiversity differences among the three locations.
The biodiversity within the pure forest is relatively uniform, but the spatial structure of individual
locations in the forest differs, primarily in terms of three-dimensional scale and plant density. Thus,
this paper aims to determine whether different locations (representing different spatial types and
scales) produce different physiological and psychological effects. The spatial types of pure forest can
be expressed by models. Three basic spatial types of pure forest are summarized in this study based on
the relationship between the viewer and the forest (Figure 1a–c). Forest interior space (FIS) is a space
that consists entirely of repeated dominant trees. In this space, the viewer perceives little change in
the vegetation landscape. Forest path space (FPS) is a corridor space formed in the forest for artificial
or other reasons, whereby the width of the corridor is larger than the average spacing in the forest.
The viewer in the corridor interval can feel an obvious sense of direction and guidance. Forest external
space (FES) can be understood as the space between separate patches of forest. This spacing between
patches is much larger than the average spacing within the forest, and the viewer does not feel a sense
of direction or enclosure. The three pure forest space models defined in this study are relative concepts,
rather than structures with an absolute scale.
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1.3. Aims and Hypotheses

This study uses three typical pure forest spaces (FIS, FPS and FES) as stimulus sources. The aim is to
investigate differences in physiological and psychological stress, based on brain waves, emotional state
and spatial scale preference scores, as they correspond to the different pure forest spaces. Subsequently,
the relationship between the two aspects is discussed. Considering previous studies and other
greenbelt-related research, we propose the following hypotheses.

Hypothesis 1 (H1). FPS may produce better physiological and psychological responses, including emotional
states and brain waves, followed by FIS. The worst responses are produced by FES.

Hypothesis 2 (H2). In terms of spatial scale, FPS and FIS may be more popular than FES.

2. Materials and Methods

2.1. Stimuli Selection

There are many types of pure forest and it is impossible to study all types simultaneously, so this
experiment focuses on the bamboo forest. The bamboo forest is a type of pure forest widely found in
China. China has a long history of planting bamboo, and the Chinese are familiar with bamboo forests.
According to the previous classification basis and our field survey, bamboo forest space can be divided
into three categories: forest interior space (FIS), forest external space (FES) and forest path space (FPS)
(Figure 2a–c). The three spaces are distinguished based on their location in the forest and have obvious
difference in spatial scale. However, in actual situations, the bamboo forest is continuous, and the
spatial type is gradually transitive. The space in a transitional zone may exhibit characteristics of two
types of space simultaneously. In the sample selection, we avoid this type of space to ensure that each
type is distinct from the others. No people appear in the sample photographs, which represent the
pure forest space in nature.

In this study, space samples were created using photography. The act of viewing photographs
has been shown to produce brain wave responses, and such responses to photographs as stimulus
sources have been used as emotional indicators in many studies [7,18]. To assemble a diverse set of
samples, we photographed 15 bamboo forest areas in four provinces (Sichuan, Chongqing, Yunnan
and Guizhou) in Southwest China. Approximately 100–150 original photos were taken of each space
type and ranked according to quality, representativeness and objectivity. Ultimately, 30 photographs
were selected for each type to form 3 groups of 90 photographs in total. All photos were taken on
sunny days with the same equipment and shooting parameters, including aperture and shutter speed.
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2.2. Participants

We recruited 60 college students through posters placed around campus. Of the participants,
45% were male, and 55% were female. The study subjects were mostly from Southwest China, and
all were confirmed to have a cognitive bias for bamboo forest during recruitment. Through the
State-Trait Anxiety Inventory (STAI) and interviews, we determined that the subjects were experiencing
learning pressure. Previous studies have noted that professionals and non-professionals perceive
space differently. We intended for our research subjects to represent the general population. Therefore,
students majoring in landscape architecture and forestry were not selected. The subjects had an
average age of 20.6 years (range = 18 to 24, SD = 2.92), no history of smoking or mental illness and a
body mass index (BMI) in the normal range (range = 18.5 to 23.9). All subjects were fully informed
regarding purpose of the study prior to the experiment and voluntarily provided their informed
consent to participate.

2.3. Measurements

2.3.1. Physiological Stress

The measurement instrument we used was the Emotiv EPOC+ EEG headset, which is a harmless,
non-invasive device. The reliability and accuracy of the instrument have been demonstrated in previous
studies [18,19,28]. Emotiv EPOC+ covers four brain lobe regions (i.e., the frontal lobe, temporal lobe,
parietal lobe and occipital lobe) of the human brain using 14 channels (AF4, AF3, F3, F4, F7, F8, FC5,
FC6, T7, T8, P7, P8, O1, O2) (Figure 3). This study analysed 8 channels in four brain lobe regions: F3
and F4 in the frontal lobe, which controls cognition, language, emotion and behaviour (F3 and F4 were
selected as representatives); T7 and T8 in the temporal lobe, which controls audio-visual memory and
language processing; P7 and P8 in the parietal lobe, which controls sensory connection and reception;
and O1 and O2 in the occipital lobe, which controls all visual information.
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2.3.2. Psychological Stress

This study assessed psychological stress by measuring mood state. Mood state was measured
using a Chinese version of the POMS adapted from Z. Beili [17]. The POMS consists of seven mood
subscales: tension, anger, depression, fatigue, vitality, confusion and self-esteem. The POMS has 40
questions, and each subscale includes 6–7 questions on mood states. Each question was answered on a
five-point scale ranging from 0 (none at all) to 4 (a lot). Three indicators were used in the analysis:
positive mood (vitality + self-esteem), negative mood (tension + anger + depression + fatigue +

confusion) and total mood disturbance (TMD) (negative mood-positive mood +100).

2.3.3. Spatial Scale Score

The spatial scale represents an impression for humans. It includes not only the overall subjective
feeling, but also several major specific scale indicators. To evaluate such matters, a spatial scale
questionnaire and interviews were adopted. According to previous theories, the three-dimensional
scale and density of a space have an important impact on feelings. Therefore, we adopted a spatial scale
consisting of five parts: width, height, distance, density and overall. Width represents the perception
of the horizontal field of view within the scope of the image. Height indicates the vertical visual field
perception and the height of the plants in the image. Distance represents frontal visual perception
within the scope of the image. Density represents the feeling of plant density in the image. Overall
represents the subjective feeling regarding the entire space within the scope of the image. Each part
was scored on a five-point Likert scale from 0 (none at all) to 4 (a lot). Finally, the score for the five
individual parts was added to obtain a total score for spatial scale. Before the participants viewed the
pictures, we explained the meanings of the five parts and the corresponding diagrams (Figure 4).
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2.4. Procedure

The experiment was conducted in May 2019 in a university classroom (103◦51′39′′E, 30◦42′22′′N,
512 m). The indoor temperature, air humidity and light intensity were maintained at 22 ◦C, 60%
and 520 lux, respectively. The sixty subjects were randomly divided into 3 groups, and all subjects
completed the pre- and post-test. After entering the classroom, the subjects donned the EEG devices
under the guidance of research project staff, and the entire experiment process and requirements were
re-explained. The pre-test consisted of a 10-min high-pressure task, in which the subjects were asked to
complete a series of multi-digit mental arithmetic multiplication and division problems within a given
time period. The physical and psychological fatigue and stress of the subjects were expected to increase
after they completed the pressure-inducing task [29,30]. All three groups underwent the same pre-test,
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during which the EEG device recorded the brainwave data of the subjects. At the end of the pre-test,
the subjects completed the POMS. Pre-test data, including the brainwave data (8 channels) and 1 POMS
data set from each group were collected and used as covariance (baseline) data for statistical analysis.

The post-test involved viewing photographs (colour) of a bamboo forest space from a viewing
distance of 4 m. The photos were shown using a projector. Prior to the post-test, the research project
staff confirmed the equipment was operating properly. Each group viewed 30 photos of a bamboo
forest space randomly for 15 s each. The entire post-test process lasted 10 min. After the post-test,
the subjects completed the POMS and a spatial scale questionnaire, and interviews were conducted.
Post-test data, including the brainwave data (8 channels), 1 POMS data set and 5 spatial scale data sets
from each group, were collected for statistical analysis. All the EEG data were continuously recorded
by Emotiv EPOC+ and averaged for 10 min after the measurement.

According to previous studies, the physiological effects of environmental stimuli occur after
4 min [31,32], and psychological effects through vision occur after 5 s [31]. Therefore, the 10-min pre-
and post-tests could effectively collect physiological and psychological indicators. The total time of
each subject in the experiment was held to within 30 min, including the time required to don the
measurement device and the interview time. The process is shown in Figure 5.
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Figure 5. Study procedure (FIS = forest interior space, FPS = forest path space, FES = forest external space).

2.5. Statistical Analysis

In this study, ANCOVA was used to analyse physiological stress (β/α index) and psychological
stress (mood state). The ANCOVA used the pre-test results as covariates (baseline data) to eliminate
the effects of different levels of individual stress. ANOVA was used to analyse the spatial scale scores.
SPSS 22.0 software was used for all analyses.

3. Results

3.1. Effects of Bamboo Forest Space on Physiological Stress

To observe the effects of a bamboo forest space on physiological stress among the three groups,
we applied ANCOVA to the post-test EEG indicators (β/α index) across the groups (the pre-test results
were the covariates). We found four channels (T7, P7, O1, O2) had significant effects. The T7 channel,
P7 channel, O1 channel and O2 channel indicated the significantly lowest β/α index in the FES group
(M = 1.474, 0.761, 0.954 and 1.005) and the highest β/α index in the FIS group (M = 2.503, 2.121, 1.69
and 1.495). The all eight channels revealed the lowest β/α index was in the FES group and the highest
values were in the FIS group (Figure 6). The ANCOVA results corresponding to the EEG (β/α index)
are presented in Appendix A (Table A1).
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3.2. Effects of Bamboo Forest Space on Psychological Stress

ANCOVA was also used to analyse the post-test mood state indicators across the groups
(the pre-test results were the covariates). Positive mood and TMD showed significant effects.
The positive mood of the FES group (M = 13.92) was significantly higher than that of the FPS
group (M = 9.104). The TMD of the FES group (M = 92.993) was significantly lower than that of the FIS
group (M = 99.548). Although the results for negative mood were not significant, the FES group had
the lowest score of the three groups, which indicates a better outcome (Figure 7). The ANCOVA results
corresponding to the mood state are presented in Appendix A (Table A2).
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3.3. Spatial Scale Scores for Bamboo Forest Spaces

The evaluation of spatial scale in this study was based on a questionnaire and interviews.
The information gathered in the interviews was used as an aid to the discussion. We applied ANOVA
to the total and sub-part scores for spatial scale across the groups. The scores for “overall”, “width”
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and “density” were significantly higher in the FPS group (M = 12.90, 2.50 and 2.45) and the FES group
(M = 13.40, 3.20 and 2.60). The scores for the same parts were significantly lowest in the FIS group
(M = 9.70, 1.75 and 1.35). The scores for the other parts were similar but were not significant (Figure 8).
The ANOVA results corresponding to the spatial scale questionnaire are presented in Appendix A
(Table A3).Forests 2020, 11, x FOR PEER REVIEW 10 of 17 
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4. Discussion

4.1. Does Bamboo Forest Space Affect Physiological and Psychological Stress?

There were significant differences between the pre-test and post-test values of certain physiological
and psychological indicators. As we have noted, there is little difference in plant diversity between
different locations in pure forest. Thus, obviously, the differences between the physiological and
psychological indicators have little relationship with plant diversity. At the same time, the spatial
structure of pure forests represents an important intrinsic factor that affects physiological and
psychological responses and, thus, reflects the health benefits of the pure forest. Related theories of
spatial structure note that people have the ability to perceive space and that different factors of the
spatial structure, such as scale and shape, influence emotion and behaviour [26,27]. Jan Gehl proposed
that people have a “sense of place”, which is a physical and mental pleasure that originates in feelings
regarding spatial elements [25]. Therefore, one can speculate that among the three types of space
considered in this study, certain spaces would be better able to stimulate the “sense of place” of stressed
youth and, thus, evoke better physiological and psychological responses.

In a study on forest location by Jiang et al., FIS was considered the most favourable based on
biological diversity and the human preference for tall plants [33,34]. Additionally, numerous studies
have shown that forest walking can create a sense of relaxation [35–37]. Based on previous research
results, we expected the best physiological and psychological relaxation effect from FPS. Obviously,
the results of this study differ from our expectations. Among all the significant results, FES performed
the best, FIS produced the highest stress in the significant EEG results, and FPS exhibited the worst
performance based on the significant positive mood results. We speculate that the key structural factors
of pure forest space that influence psychophysiological stress are “spatial diversity” and “degree of
enclosure”. The difference between FPS and FIS lies in the path, and the same point presents a close
sense of enclosure in the spatial structure. FES is a completely different type. Compared with the other
two types of space, viewers of FES have a wider field of vision and can see more sky, as well as receive
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an overall view of the bamboo forest. The pure forest is characterized by a single variety of plant in FIS
and FPS. Viewers who gaze at relatively monotonous landscapes may feel bored, which may further
trigger negative mood and physiological stress. FES has background and foreground elements and
colour mixing, so it is not monotonous in spatial colour and form. Thus, it is superior to the other two
space types in terms of “spatial diversity” and has a lower “degree of enclosure”.

Previous studies on the mixed forest have suggested that forest interior space with higher
biodiversity and a dense plant landscape may provide better health benefits [16,38]. These results
support our conjecture that the intrinsic reasons for the psychophysiological responses to the pure
forest and the mixed forest are different. Plant diversity is not the key factor in the pure forest,
and different spatial structures are an important reason for the noted difference. FES has a more
favourable spatial structure than FIS and FPS, with a larger field of vision, richer landscape and
moderate green proportion.

4.2. Are There Differences in the Spatial Scale Evaluation of Bamboo Forest Spaces?

Subjective feelings form one part of the spatial scale evaluation. We extracted generic information
from the interviewees, such as “I prefer the ease of the bamboo trails”, “The inner space of the
bamboo forest has a sense of limitation”, “The internal space of the bamboo forest is more chaotic
and depressing”, “The external view is more comfortable and tidy” and “I like the orderly bamboo
landscape”. Based on the information gathered in the interviews, we believe that the key factors related
to the spatial scale preference for bamboo forests are “visibility” and “tidiness”. This finding differs
from previous research suggesting that people prefer to be surrounded by green forests and to be close
to nature [39,40]. In this study, due to high density and a lack of management, FIS tended to cause a
sense of clutter and depression, which resulted in the lowest evaluation among our subjects. Although
FPS is a special type of FIS, the bamboo on both sides of the path is typically straight and orderly,
shielding the unfavourable aspects of the forest. However, forward vision is not obstructed in FPS,
and “visibility” is better. Therefore, the subjects produced a median evaluation for FPS. FES offers
a more complete and broad view than the other two types of space. In addition, a forest landscape
viewed from the outside is typically more orderly. Thus, FES received the highest evaluation among
our subjects.

When we compared the spatial scale score and the interview information, we found that the
two were consistent. FPS received the highest score for “distance”, which suggests that FPS has
good “visibility” in the front and is consistent with the “relaxed feeling on the path” noted in the
interviews. FES received the highest score for “width”, which indicates that the horizontal view is not
constrained, which reflects the statements in the interviews to the effect that the “external view is more
comfortable”. However, FIS received a lower score for each item, particularly for “density”, which
reflects the density of FIS in three-dimensional space and recalls the participants’ view that “internal
space is more chaotic and depressing”. In short, the spatial scale scores were basically consistent with
the interview information, and they jointly reflect the subjective feelings of the stressed youth towards
the bamboo forest space. FES and FPS were more highly preferred than FIS, because of the longer and
wider field of view and the moderate density and the regularity of plants.

The three types of bamboo forest considered in this study have different three-dimensional indices
and densities. Both the questionnaire scores and the interviews indicate that the subjects evaluated the
spatial scales of bamboo forest differently. Generally, they had the highest spatial preference for FES,
which also had the most relaxing physiological and psychological effect. FPS was in the middle, and FIS
was the worst in both aspects. The psychophysiological indices and spatial preferences were basically
consistent, which suggests that the spatial structure and the scale of pure forest are the underlying
reasons for their health benefits.
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4.3. Limitations and Future Research

This study investigated the different psychophysiological effects of three types of bamboo forest
space on youth under pressure, and the spatial scale evaluation these types of space received. It should
be acknowledged that the potential conditions or psychological state of individuals may have some
impact on the results of the study, which should be verified with a larger population in the future. Other
types of pure forest and other populations would be worthwhile studying. Additionally, future studies
could examine more spatial structure indicators, such as spacing, crown width and tree diameter at
breast height, and quantify these indicators with further elaboration of the effects of different spatial
scales of the pure forest. This study also compared the spatial scale results with the results for the
psychophysiological indicators and discussed the intrinsic causes of the health effects of the pure
forest, whereby certain results differed from those found in previous studies on the mixed forest. We
conclude that these differences are caused by differences in spatial characteristics between the pure and
mixed forest. However, there is a lack of comparative evidence for these two forest types. In future
research, we will further study the differences in space and health benefits between the pure forest and
mixed forest.

4.4. Application

This study shows that an appropriate spatial structure and scale are highly important to the health
benefits of pure forest. The external spatial landscape and path landscape of the bamboo forest are
conducive to physical and psychological relaxation, and received higher evaluations with respect to
spatial scale. Therefore, in the regional planning of bamboo forests, targeted tourism layouts can be
designed, such as by assigning the tourism function to the external areas of the forest and consigning
forestry production to the forest’s interior. In addition, the rationality of the spatial structure of pure
forest is an important factor that affects physiology and psychology. In the construction of a bamboo
forest landscape, higher, larger and more orderly plants, wider vistas and medium density could
improve the health benefits of the landscape.

5. Conclusions

The health benefits of large-scale forest green space require more in-depth research and scientific
examination. This study focused on the effect of a pure forest space (bamboo forest) on physiological
and psychological responses and spatial scale preferences. We used photographs of three spatial types of
bamboo forest (i.e., FES, FPS, FIS) as stimuli, to analyse the differences among the psychophysiological
indicators. We administered a spatial scale questionnaire to, and conducted interviews with, three
subject groups. The results revealed that FES performed best in the area of physiological and
psychological relaxation, followed by FPS and finally FIS. However, the spatial scale scores and
evaluations for FES and FPS were higher than for FIS. The psychophysiological indicators were
basically consistent with the spatial scale preferences, so we believe that the nature of the spatial
structure is an important intrinsic reason for the difference. This study has practical value for the
spatial layout of bamboo forest scenic spots and the construction of bamboo forest landscapes, and can
provide guidance for pure forest management and forest therapy.
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Appendix A

Table A1. Effect of bamboo forest space on EEG (β/α index) across the experimental groups (covariates:
pre-tests; dependent variables: post-tests).

EEG (β/α Index) Sum of Squares df Mean Square F Sig. Partial η2 Pairwise
Comparisons

F3 channel
Pre-test 0.129 1 0.129 0.061 0.805 0.001
Group 11.774 2 5.887 2.795 0.070 0.091
Error 117.938 56 2.106

R2 = 0.096 (Adj R2 = 0.047)
F4 channel

Pre-test 0.057 1 0.057 0.055 0.815 0.001
Group 5.974 2 2.987 2.885 0.064 0.093
Error 57.980 56 1.035

R2 = 0.094 (Adj R2 = 0.046)
T7 channel

Pre-test 1.208 1 1.208 0.695 0.408 0.012
Group 11.216 2 5.608 3.227 0.047 * 0.103 FES < FIS
Error 97.335 56 1.738

R2 = 0.141 (Adj R2 = 0.095)
T8 channel

Pre-test 0.963 1 0.963 0.983 0.326 0.017
Group 4.163 2 2.082 2.126 0.129 0.071
Error 54.836 56 0.979

R2 = 0.095 (Adj R2 = 0.046)
P7 channel

Pre-test 11.063 1 11.063 12.114 0.001 0.178
Group 17.945 2 8.973 9.825 0.000 ** 0.260 FES, FPS < FIS
Error 51.140 56 0.913

R2 = 0.417 (Adj R2 = 0.386)
P8 channel

Pre-test 17.189 1 17.189 16.155 0.000 0.224
Group 5.030 2 2.515 2.364 0.103 0.078
Error 59.584 56 1.064

R2 = 0.360 (Adj R2 = 0.326)
O1 channel

Pre-test 6.419 1 6.419 9.717 0.003 0.148
Group 5.162 2 2.581 3.907 0.026 * 0.122 FES < FIS
Error 36.994 56 0.661

R2 = 0.293 (Adj R2 = 0.255)
O2 channel

Pre-test 12.248 1 12.248 34.657 0.000 0.382
Group 2.418 2 1.209 3.420 0.040 * 0.109 FES < FIS
Error 19.791 56 0.353

R2 = 0.494 (Adj R2 = 0.466)

Note: Lower β/α index values indicate more relaxation and calm; * p < 0.05; ** p < 0.01.

Table A2. Effect of bamboo forest space on the mood state across the experimental groups (covariates:
pre-tests; dependent variables: post-tests).

Mood State Sum of Squares df Mean Square F Sig. Partial η2 Pairwise
Comparisons

Positive mood (score)
Pre-test 495.228 1 495.228 14.540 0.000 0.206
Group 269.449 2 134.724 3.956 0.025 * 0.124 FES > FPS
Error 1907.322 56 34.059

R2 = 0.306 (Adj R2 = 0.269)
Negative mood (score)

Pre-test 609.634 1 609.634 18.820 0.000 0.252
Group 106.774 2 53.387 1.648 0.202 0.056
Error 1814.016 56 32.393

R2 = 0.256 (Adj R2 = 0.216)
TMD (score)

Pre-test 535.184 1 535.184 5.918 0.018 0.096
Group 680.000 2 340.000 3.760 0.029 * 0.118 FES < FIS
Error 5064.316 56 90.434

R2 = 0.168 (Adj R2 = 0.123)

Note: Positive mood (vigour + self-esteem); negative mood (tension + anger + depression + fatigue + confusion);
TMD (total mood disturbance) = tension + anger + depression + fatigue-vigour + confusion-self-esteem + 100;
* p < 0.05.
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Table A3. Effect of bamboo forest space on spatial scales across the experimental groups (dependent
variables: post-tests).

Spatial scales N M SD F Sig. Tukey’s HSD

Total FPS 20 12.90 2.33734 16.718 0.000 ** FES, FPS > FIS
FIS 20 9.70 2.47301
FES 20 13.40 1.69830

Width FPS 20 2.50 0.88852 15.005 0.000 ** FES, FPS > FIS
FIS 20 1.75 0.91047
FES 20 3.20 0.69585

Height FPS 20 2.40 0.82078 1.585 0.214
FIS 20 1.95 1.05006
FES 20 2.40 0.88258

Distance FPS 20 2.75 0.85070 1.562 0.219
FIS 20 2.30 0.86450
FES 20 2.40 0.82078

Density FPS 20 2.45 0.82558 12.554 0.000 ** FES, FPS > FIS
FIS 20 1.35 0.74516
FES 20 2.60 0.99472

Overall FPS 20 2.80 0.76777 2.335 0.106
FIS 20 2.35 0.98809
FES 20 2.80 0.41039

Note: Total = Width + Height + Distance + Density + Overall; ** p < 0.01.
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