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Abstract. Forest bathing, i.e. spending time in a forest to walk, view and
breathe in a forest, can alleviate the mental depression of visitors, but the
tree-species-specific effect of this function by the urban forest is unknown.
In this study, sixty-nine university students (aged 19-22, male ratio: 38%)
were recruited as participants to visit urban forests dominated by birch (Bet-
ula platyphylla Suk.), maple (Acer triflorum Komarov) and oak (Quercus
mongolica Fisch. ex Ledeb) trees in a park at the center of Changchun City,
Northeast China. In the maple forest only the anxiety from study interest
was decreased, while the anxiety from employment pressure was alleviated
to the most extent in the birch forest. Participants perceived more anxiety
from lesson declined in the oak forest than in the birch forest. Body pa-
rameters of weight and age were correlated with the anti-anxiety scores.
In the oak forest, female participants can perceive more anxiety alleviation
than male participants. For university students, forest bathing in our study
can promote their study interest. Forest bathing can be more effective to
alleviate the anxiety of young adults with greater weight. The birch forest
was recommended to be visited by students to alleviate the pressure of em-
ployment worry, and the oak forest was recommended to be visited by girls.
Keywords natural product, psychological impact, well-being, stress, anthro-
pogenic activities, city
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Introduction

Rapid urbanization brings not only economy
and social developments but also regional
changes of population, traffic, temperature and
environment pollution (Pronczuka & Surdub
2008). Although both medicine and nutrition
are improved in cities, many residents still feel
that their life quality is declining (Patz et al.
2005, McMichael et al. 2006, Kinney 2008,
Pronczuka & Surdub 2008). This is relat-
ed to the burden of illness of current citizens
and has shifted from physiological infections
to non-communicable psychological anxiety
disorders (Dye 2008). Urban experience con-
tributes to tension-anxiety of citizens in near-
ly all ages from 10 to 60 years old (Dekker et
al. 2008, McKenzie et al. 2013, Bruzzese &
Klein 2016) through shaping the socioeco-
nomic pressure, physical environment and
social interactions (Galea 2011). Results from
the Global Burden of Disease Study 2013 re-
vealed that mental and substance disorders
collectively accounted for 21.2% all-year life
lost to disability (YLD) wherein anxiety was
ranked ninth highest specific cause of YLD in
both developed and developing countries (Ri-
sal et al. 2016).

Because less than 0.01% of human-being
history has been spent in urbanized society,
people’s philological function is still better
adapted to natural ambient (Song et al. 2016).
It was found that spending time in a forest can
effectively reduce mental stress and alleviate
anxiety (Morita et al. 2007, Kim et al. 2009,
Park et al. 2011, Ochiai et al. 2015, Song et
al. 2016, Chun et al. 2016). This function was
recognized as the term of “forest bathing”,
i.e. walking, viewing and breathing in a forest
(Ohtsuka et al. 1998). It has been found that
forest bathing can make people feel relaxed
and comfortable with more anxiety-allevia-
tion than walking in a local urban environment
(Songetal.2013,2014,2015, Sonntag—Ostrém
et al. 2015a, Chun et al. 2016). In addition, the
negative mood of exhaustion-disorder and
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hypertensive patients was regulated by forest
bathing after repeated visits for several months
in the forest (Sonntag-Ostrém et al. 2015a,
Chun et al. 2016) and mood of chronic stroke
patients can be improved by 3-4 days of forest
bathing (Chun et al. 2016). Taking ordinary
people as participants, it was found that their
anxiety can also be alleviated in 1-2 days (Park
et al. 2007, 2009, 2011, Lee et al. 2009, 2014,
Ochiai et al. 2015). In addition, young adults
and middle-aged hypertensive patients can
even perceive less anxious in a 15-min long
forest bathing (Song et al. 2013, 2014, 2015).
These results together suggest that forest bath-
ing had the potential of short-term effect on
anxiety of ordinary healthy people.

For visual attractiveness and high tolerance
to urban stress of specific species, urban tree
planting often results in uniform rows of a sin-
gle species (Trowbridge & Bassuk 2004). In
an urban landscape design, the knowledge on
tree parameters relevant to human perception
of health-promoting enables the selection of
different species which look similar (Gersten-
berg & Hofmann 2016). However, it is difficult
to plan some specific tree species in an urban
area with the purpose of perceived stress res-
toration because the motivation of tree species
selection identified by residents was found to
be highly related to personal preference (Con-
way 2016).

Quite little is known about the effect of
tree-species in the urban forests on psychology
of ordinary residents. University students in
the age around 20 years old have been taken as
subjects in studies of evaluating forest bathing
effect on psychology for several times (Song
etal. 2013, 2014 2015, Moran & Moser 2015,
Wang et al. 2016 ). Most undergraduates are
unmarried and tend to have more anxiety dis-
orders in the urbanized settings (Dekker et al.
2008). A large-scale study with 4000 individu-
als in Germany found that the impact of urban-
ization on anxiety was almost equal for young
and elderly people. Therefore, in this study uni-
versity students were recruited as participants
for their self-evaluation of perceived anxiety
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in the urban forests with three different dom-
inant tree species. Former studies found that
university students can have specific response
of perceived anxiety restoration to the urban
environment (Stigsdotter et al. 2017). There-
fore, we hypothesized that university students
would also perceive varying restorations in ur-
ban forests with different dominated tree spe-
cies. This study would supply a model to eval-
uate the tree-species effect of forest bathing on
perceived anxiety allevaition. Our results can
be taken as the theoretical reference to analyze
anxiety alleviation in urban forests of specific
tree species.

Materials and methods
Study site

This study was conducted in Changchun City
(43°05°~45°15" N, 124°18°~127°05" E), Jilin
Province, Northeast China. Changchun City
has a total area of 2.06 x 10¢ km? with urban
area of 7.56 x 10° km?. Annual temperature
is 4.8°C with the range between 39.5°C and
-39.8°C, average precipitation of 569 mm,
and relative humidity of 42%. The study site
locates at the Nanhu Park in the center of
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Changchun City with the total area of 222 ha
(Figure 1). About 40% area of the Nanhu Park
was covered by a lake, near which three pure
forests were chosen as the study plots. The
birch (Betula platyphylla Suk.) forest locates
in an isle in the center of Nanhu Park. The ma-
ple (Acer triflorum Komarov) and oak (Quer-
cus mongolica Fisch. ex Ledeb) forests locate
on the other side of the lake (Figure 1). Tree
species were named following the classifica-
tion of the International Association for Plant
Taxonomy (IAPT 2012). All three forests were
constructed about 20 years ago with similar
characteristics (Figure 2, Table 1).

Questionnaire and experimental design

All participants were recruited from under-
graduates in the major of urban horticulture
from Jilin Agricultural University. Results
from current studies have demonstrated that
university students can fully perceive mental
restoration by forest bathing in a wide range
of time courses from minutes to days (Park et
al. 2009, Song et al. 2013, 2014, 2015, Wang
et al. 2016). Therefore, the employment of
university students as subjects in our study
was acceptable as the suitable sample on be-
half of the larger group of population. At the
first-round recruitment
stage, only participants
free from previous di-
agnosed  cardiovascu-
lar, allergic, or mental
diseases were selected.
On 9 May 2017, the day
before the experimental
day, first-round selected
volunteers  assembled
to receive the full in-
troduction about the re-
search purpose, the ex-
perimental process, and
the questionnaire pro-
cedure in the next day.
Volunteers were also

Figure 1 Locations of the study site and forest plots
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Table 1 Characteristics of dominant trees in urban forests

Tree species ~ Height (m) DBH'(cm)  CL?(m) CD? (%) Density (stems ha'')
Birch 11.65+1.59% 13.26£0.47  3.99+0.08  56.43+16.13 1667+145

Maple 8.10+1.45° 10.35£2.48  3.47+1.12  74.60+£14.69  1867+805

Oak 12.53+1.72° 14.39+£3.01 4.57+1.04  77.83%2.77 1933+£238

Pr>F 0.0388* 0.1852 0.4077 0.1898 0.8133

Note. Abbreviations: 'DBH - diameter at breast height, ?CL - canopy length, *CD - canopy cover rate, “Bold num-
ber indicates values significant at P < 0.05.
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Figure 2 The under-canopy sceneries of (a) birch (Betula platyphylla Suk.), (b) maple (4Acer trifiorum Ko-

marov) and (c¢) oak (Quercus mongolica Fisch. ex Ledeb) forests. Photo: Hongxu Wei on (10 May

2017).

informed to prohibit any of vigorous physical
activity, smoking, and alcohol consumption
before and throughout the whole experiment.
Anyone who disagreed or unwilled to contin-
ue take part in the experiment was excluded
at this stage. As a result, sixty-nine universi-
ty students were selected as participants in
the study. Participants were divided into three
groups randomly to visit the three forests in the
next day. Each group was required to contain
20-30 participants. The specific demographic
characteristics of participants are shown in Ta-
ble 2.

The experiment was conducted on 10 May
2017, when it was a sunny day with cloud-cov-
er of about 10-30 %. During the morning time
from 8:00 to 11:00 a.m. temperature ranged
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between 17.6°C and 22.5°C, relative humidity
ranged 36-50 %, and the air pressure ranged
733-735 mmHg. Participants assembled in the
campus of Jilin Agricultural University at 7:30
and transported to the Nanhu Park by buses in
48 min. After arrival, participants assembled
again in the northeastern entrance, coded to
each individual, and asked to finish the first
questionnaire from 8:30 to 9:00 a.m. (Figure
3). Thereafter, participants walked to the three
forests through a bridge, where the walking
routes started to vary for different classes. Af-
ter stepping down the bridge, participants in
the first group walked on the road along the left
lakeside, through another bridge, and reached
the birch forest. During the same period, par-
ticipants in the second and third groups walked
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Table 2 The demographic characteristics of participants in urban forests dominated by three tree species

Demographic parameter Mean S.D.!
Birch (n =20)
Gender (male ratio) 45% -
Age (years) 22 1.4
Height (cm) 167.9 7.7
Weight (kg) 58.7 11.9
BMI? (kg m?) 20.6 2.7
Maple (n =23)
Gender (male ratio) 34.8% -
Age (years) 21.6 0.9
Height (cm) 165.5 7.9
Weight (kg) 60.4 14.2
BMI (kg m?) 21.8 3.5
Oak (n =26)
Gender (male ratio) 34.6% -
Age (years) 21.6 0.9
Height (cm) 166.5 7.3
Weight (kg) 56.7 9.4
BMI (kg m?) 20.3 2.2

Note. Abbreviations: 'S.D. - standard deviation of a group of observations, 2BMI - body mass index.

along roads through forests until the arrival of
maple and oak forests, respectively (Figure 3).
Thus, the first group of participants spent more
time to the birch forest by about eight minutes
than the other two groups to the maple and oak
forests. This time is short enough to avoid the
possible effect on the following perception of
forest bathing (Stigsdotter et al. 2017). Par-
ticipants in all three groups started to act in
three forests since the same time of 10:00 a.m.
Forest bathing practice included two parts of
open-air class and free experience. Firstly, all
participants were asked to study how to mea-
sure the forest tree characteristics for 20 min;
thereafter participants were asked to enjoy per-
sonal time in the forest area for 40 min. In the
end of free walking at 11:00 a.m., participants
were asked to finish the second questionnaires
with same questions of the first ones.

There were 12 questions in the question-
naire, which were separated into three classifi-
cations about topics of personal detail, school
work, and social contact (Table 3) that most
undergraduates in Chinese universities care
about. Participants gave scores from 1 to 10 to

evaluate temporally personal perception about
anxiety from the aspect by the question content
to quantify their self-evaluated anti-anxiety
score. Each question group (every four ques-
tions) included a negative-score question to
eliminate the possible subjective impact from
continuously positive evaluations.

Data analysis

We used the difference of questionnaire scores
between after-experiment-data and before-ex-
periment-data to quantify the positivity score
against anxiety by the Wilcoxon signed-rank
test in each forest. The answers from partic-
ipants in each forest were taken as replicates
for the mean (+ standard deviation). Wilcoxon
Score Rank Sum test was employed to com-
pare the difference of scores among forests
with different tree species. The significance
was adjusted to be P < 0.0167 instead of P <
0.05 by the Bonferroni correction in response
to three couples of comparisons (Chi et al.
2017, Wallert et al. 2017). Self-reported scores
were analyzed for their relationship with de-

331



Ann. For. Res. 60(2): 327-341, 2017

Assemble at 8:30 a.m. First questionnaire from 8:30 to 9:00 a.m

Research article

R

Figure 3 The process of the experiment. Twisted lines in color of dark-purple present walking
routes of participants

Table 3 Details on the questionnaires used in the study

Clags - Topic Specific question Ant.i-
fication anxiety
Employment worry How do you worried about your future job after graduate? Positive
Pelrso- Graduate desire How hard do you think to be a graduate education? Negative
EZtails Finance status How do you satisfied with your economy status? Positive
Family background How do you satisfied with your family background? Positive
Lesson satisfaction How do you satisfied with your lesson content? Positive
School Teacher evaluation How do you satisfied with your school-work teacher? Positive
work  Study interest How do you interested in your class study? Positive
Exam-pass pressure How much pressure do you have to pass lesson exams? Negative
Campus life How do you satisfied with your campus life? Positive
Social ~Communication How hard do you think to get with others? Negative
contact Room-mate interaction How do you satisfied with your room-mates? Positive
Love-affair relationship How do you satisfied with your relationship status? Positive
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mographic data in order to detect the effect
of the body trait characteristic on their anxi-
ety-state change. In addition, to better describe
multivariate relationships among variables the
principal component analysis was conducted
using the PINCOMP procedure. All statisti-
cal analyses were performed using SAS 9.2
TS Level 1MO (SAS Institute Inc., Cary, NC,
USA).

Results
Demographic results

There were more female participants involved
in the experiment leaving the male participants
to account for 34~45 % of the total number of
participants in each of the forests (Table 2). Age
of the participants ranged between 21.6+0.9
and 22+1.4 years old and mostly around the
year of 22. Participant height appeared to be
largest in the birch forest (167.9+£7.7 cm), but
weight appeared to be largest in the maple for-
est (60.4£14.2 kg). Averaged BMI for all par-
ticipants were lower than 25 indicating they
were generally in healthy status.

Anti-anxiety scores and their variation among
urban forests

After forest bathing, most of the anti-anxiety
scores tended to elevate (Figure 4). The an-
ti-anxiety scores from three and four aspects
were elevated in the birch and oak forests, re-
spectively, but the only the score about study
interest elevated in the maple forest. After
bathing in the birch forest, the anti-anxiety
scores from room-mate communication,
study interest and personal financial state
increased by about 28%, 17% and 11%, re-
spectively (Figure 4a). In the maple forest,
the anti-anxiety score from study interest
was elevated by 18% after forest bathing
(Figure 4b). In the oak forest, the anti-anxi-
ety scores from family background, campus

The tree-species-specific effect of forest bathing ...

life, lesson satisfaction, and study interest
were elevated by 8%, 11%, 19% and 15%,
respectively (Figure 4c¢).

The before-and-after change between
anti-anxiety scores forest bathing varied
among three urban forests with different
dominant trees, but only scores against anx-
iety from employment pressure and lesson
satisfaction showed significant difference
among forests (Figure 5). When the anxiety
from employ pressure was questioned, the
anti-anxiety score was elevated by 1.6 after
forest bathing in the birch forest, which was
12 (P = 9.56 x 10*) and three times (P =
0.0033) of that in the maple and oak forests,
respectively (Figure 5a). When the anxiety
from lesson satisfaction was questioned, the
anti-anxiety score was elevated by 0.25 after
forest bathing in the birch forest, which was
not statistically different (P = 0.5025) from
that in the maple forest and only 20% (P =
0.0079) of that in the oak forest (Figure 5b).

The PCA of demographical parameters on
the change of anti-anxiety scores

In all three forests, most of the demographic
parameters had eigenvectors concentrated in
the fourth quadrant while most anti-anxiety
scores tended to have eigenvectors in the first
quadrant (Figure 6). The PC-1 and PC-2 ex-
plained for about 25% and 19% of the varia-
tion in all three forests, respectively, while the
PC-3 generally explained for less than 13%
of the variation (Table 4). In the birch forest
the PC-1 was characterized by high loadings
of teacher valuation and room-mate contact
with negative loadings about lesson satisfac-
tion, economy status, employment worry, etc
(Figure 6a); the PC-2 was characterized by
high loadings of nearly all psychological pa-
rameters with the negative loading of graduate
desire. In the maple forest, the PC-1 was neg-
atively loaded by the study interest while the
PC-2 was negatively loaded by the love-affair
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relationship and family background (Figure
6b). In the oak forest, the PC-1 was negatively
loaded by the social communication and the
PC-2 was characterized by positive loadings
of all psychological parameters (Figure 6c).

In the PC-1 axis of birch forest, body pa-
rameters of BMI, height and weight were ac-
companied by more anxiety alleviation from
inter-communications with room-mate and
teacher, but with low anti-anxiety scores from
lesson content (Figure 6a). In the PC-2 axis,
the parameter of gender was accompanied by
lower anti-anxiety scores from about 2/3 of all
aspects (Figure 6a). This suggested that female
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participants tended to perceive less anxiety
restoration than male participants.

In the maple forest, the body parameters of
weight and height were accompanied by high-
er scores of anti-anxiety from several aspects,
such as communications with family back-
ground and love-affair relationship (Figure
6b). In the PC-2 axis, however, body parame-
ters of weight and BMI were accompanied by
less alleviation of anxieties from room-mate
contact and teacher evaluation (Figure 6b).

In the oak forest, parameters of gender and
age were accompanied by more alleviation of
most of the anxiety aspects from the university
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Figure 5 The after-before changes of anti-anxiety scores from employment pressure (a) and lesson satis-
faction (b) in birch (B. platyphylla Suk.) (n = 20), maple (4. triflorum Komarov) (n = 23) and oak
(Q. mongolica Fisch. ex Ledeb) (n = 26) forests. Dotted plots in light grey present observations

by each participant. Plots in black present the mean values with error bars of standard deviations.

Different letters beyond the plots indicate significant difference by the Wilcoxon Score Rank Sum

test at the 0.0167 level adjusted by the Bonfferoni correction.

affairs in the PC-1 axis, such as lesson satisfac-
tory, room-mate contact, and the examination
pressure (Figure 6¢). In the PC-2 axis, howev-
er, the body parameters of height and weight
were accompanied by lower scores of an-
ti-anxiety scores from social communications
(Figure 6¢).

Discussion
The employment of spring time in May

In our study, the experiment was conducted
in 10 May, when it was a typically sunny day
in spring of Northeast China. This day fell in
the spring period with increasing temperature
and elongating daylight when phenology start-
ed at the initial blooming but air temperature
had not been so high to make people feel un-
comfortable. Although university students can
also perceive mental restoration in an urban
forest in fall (Song et al. 2015b) and winter
(Song et al. 2013), more studies demonstrat-
ed the perceived response to forest bathing in
spring (Ohtsuka et al. 1998, Song et al. 2014,
Sonntag-Ostrom et al. 2015b). Ohtsuka et al.
(1998) considered that the numerous negative

ions in the forest in spring gave people a feel-
ing of refreshment and exposure to negative
ions can enhance parasympathetic nervous
activity and decrease blood glucose levels.
Sonntag-Ostrém et al. (2015b) argued that the
overall evaluation of mental state during the
spring showed a greater effect on well-being
compared with those during the autumn, which
mainly resulted from the daylight elongation in
spring. Gerstenberg & Hofmann (2016) found
that the full expansion of leaves in spring en-
abled the full perception in response to the tree
features. In an integrated summary, Song et al.
(2016) concluded that forest bathing in spring
has several benefits for well-being, such as in-
creases in parasympathetic nervous activity,
inhibitions in sympathetic nervous activity,
and decreases in the heart rate, thereby result-
ing in the physiological relaxation effect. All
these aspects may all contribute to the signif-
icant results in our study by a spring-time ex-
periment. In addition, Park et al. (2011) report-
ed that perception was sensitive to the high air
temperature in the urban environment, which
may be alleviated by the urban forest atmo-
sphere in spring in our study.
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The tree-species significance in after-and-be-
fore effect of forest bathing on anxiety alle-
viation

Our study found that young adults can per-
ceive the anxiety alleviation in all three forests
(Figure 4). Given the fact that the tree species
in our study were broad-leafed, we consider
that there may exist some tree-species signif-
icance in the effect of forest bathing on per-
ceived anxiety alleviation. Although few stud-
ies have focused on this issue, studies about
forest bathing suggested that the significant
effect on mental restoration also accompanied
by hard-wood species of oak (Park et al. 2007,
Lee etal. 2009, 2014, Han et al. 2016) and ma-
ple (Lee et al. 2014, Song et al. 2015b, Han et
al. 2016). In addition, more studies suggested
that the forest bathing effect on anxiety allevi-
ation was accompanied by coniferous tree spe-
cies, such as Japanese cypress (Chamaecypar-
is obtusa) (Lee et al. 2014, Song et al. 2015a,
Zhang et al. 2015, Song et al. 2016) and pine
(Pinus spp.) (Sonntag-Ostrom et al. 2015a, b,
Chun et al. 2016, Han et al. 2016). However,
very little evidence can be found about the per-
ceived anxiety by participants in the birch for-
est. In our study, the significant effect of forest
bathing among birch trees on anxiety decline
may originate from their surface appearance.
Studies have indicated that the white color of
the surround settings can result in more per-
ceived anxiety decline by mices (Sherwin &
Glen 2003). Therefore, the white bark color of
birch trees may have partly contributed to the
perception significance. We also noted that the
stem density of birch trees tended to the low-
er than oak and maple, which may allow more
sunlight to penetrate through the crowns and

Figure 6 The principal component analysis of demographic parameters on changes of anti-anxiety scores
of participants before and after they went into (a) the birch (B. platyphylla Suk.), (b) maple (4. tri-
florum Komarov) and (c) oak (Q. mongolica Fisch. ex Ledeb) forests. Abbreviations accordingly
to Table 3: Work - employment, Graduate - graduate desire, Economy - finance status, Family -
family background, Lesson - lesson satisfaction, Teacher - teacher evaluation, Study - study inter-
est, Exam - exam-pass pressure, Campus - campus life, Communication - social communication,

Room-mate - room-mate interaction, Relationship - love-affair, relationship.
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Table 4 Description of the main components in PCA

The tree-species-specific effect of forest bathing ...

Forests  Principal component  Eigenvalue  Difference  Proportion (%)  Accumulative (%)
Birch 1 4.1894 1.2979 24.64 24.64
2 2.8915 0.6885 17.01 41.65
3 2.2030 0.2881 12.96 54.61
Maple 1 4.2948 0.8265 25.26 25.26
2 3.4683 1.3226 20.40 45.67
3 2.1457 0.5188 12.62 58.29
Oak 1 5.2418 2.1249 30.83 30.83
2 3.1169 1.4478 18.33 49.17
3 1.0091 0.1717 3.02 52.19

strengthened the white-color perception (Table
2a). Gerstenberg & Hofmann (2016) demon-
strated that crown shape and the crown density
were important parameters mirroring human
preference. In our study we have no idea yet to
know whether the crown features contributed
to the significance of perceived anxiety decline
in the birch forest, but we suggest more work
in the future to prove our results with more de-
tailed evidence.

The difference of perceived anxiety allevia-
tion among forests

We found that participants in the three forests
perceived alleviation of different anxieties. Af-
ter forest bathing in the birch and oak forests,
participants perceived several anxieties were
alleviated covering all aspects of the anxious
mood. However, in the maple forest only one
aspect of anxiety declined. The possible ex-
planation being responsible for the poor per-
ceived response in the maple forest may be
related to the darker color in the maple forest.
Studies have found that people perceived dark-
er conditions as more enclosed and, therefore,
less favorable due to insufficient perception
of safety (Stamps 2010, Sonntag-Ostrom et
al. 2015b). The dark color of barks in maple
trees can be responsible for the dark setting
color, but the lowest tree height and moder-
ate crown density and stem density may also
impact the sunlight penetration. In contrast to

our results, in other regions maple trees were
reported to account for the highest ecological
and aesthetic benefits in the urban forest (Mill-
ward & Sabir 2011). It is necessary to detect
the perceived response to more maple forests
with various maple tree features in the urban
environment so as to determine the best strate-
gy of their management.

Thus, oak and maple are usually planted to-
gether to generate the landscape in promoting
perceived stress alleviation (Lee et al. 2014,
Han et al. 2016). This concurs with our results
about the difference between the oak and ma-
ple forests in the effect on anxiety perceptions
for the employment worry and lesson satis-
factory. However, both oak and maple forests
resulted in less perceived anxiety alleviation
from employment than the birch forest. This
may be caused by the visional view in the
birch forest with easily accessible, open and
bright settings with visible lake, which were
all evaluated to be very attractive to visitors
(Sonntag-Ostrém et al. 2015b, Zhang et al.
2015). Students may worry about their em-
ployment in the future before they went into
the birch forest, but the forest bathing with
specific view during their following minutes
may have decreased some of the worry. In con-
trast, participants perceived anxiety alleviation
in the oak forest with higher lesson satisfaction
than in the birch and maple forests, which may
also be the result of surround settings. In the
oak forest, participants were relatively further
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from the lake and the view was narrow, which
may cause their attention to the lesion study in
the forest because participants were from the
major of horticulture.

Participants perceived that their anxiety
from study interest was alleviated significantly
in all three forests. Because participants were
recruited as university students from the major
of urban horticulture, to know and study the
scenery of urban forest is one of their course
missions. Participants had studied the method,
theory and mechanism of urban forest eval-
uation in the university campus. During the
experiment, however, the experience of forest
bathing enhanced their study interest therefore
decreased anxiety. In a survey in the Society of
American Foresters, respondents consider that
urban forestry is well accepted as a community
of interest which can confer them more percep-
tion of pleasure and love of the city than hates
(Ricard & McDonough 2007). Future work is
suggested to detect the perceived anxiety alle-
viation by participants of a wider population
group especially those with little professional
knowledge about forest.

Demographic determinants of anxiety

In our study, anlysis of PCA indicated the sim-
ilar results in each of the forests but different
relationship between anxiety and demograph-
ic parameters among the three forests. In the
birch forest, participants with greater weight
perceived more alleviation of anxieties about
teacher satisfaction and social communication
(Table 5). We found that body weight was the
parameter that had positive relationship with
alleviation of most of the anxieties from cam-
pus life and inter-communications. For exam-
ple, in the birch forest participants with greater
weight perceived more pleasure to communi-
cate with teacher and room-mates while in the
oak forest, heavier participants tended to feel
more confidence to pass examination, there-
after they perceived more anxiety alleviation.
These results concur with those from the forest
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bathing effect on perceived anxiety alleviation
in birch and oak forests (Figure 1). Howev-
er, in the oak forest female participants with
greater weight perceived more alleviation of
anxiety from personal details and social com-
munication. This disagrees with the results
found by Simsek et al. (2015), where there was
a negative correlation between weight-driven
BMI and social cognition in girls. This may be
the result by the effect from forest bathing in
oak trees. Giving the results that no correlation
between gender and anxiety was found in the
birch and maple forests, the negative effect of
weight on social communication was alleviat-
ed in the oak forest. In the maple forest, par-
ticipants with greater weight perceived more
alleviation of anxieties about family back-
ground and love-affair relationship, suggesting
that heavier participants perceived more about
family affairs. In the maple forest, younger
participants would more like to communicate
with the teacher hence perceived more anxiety
alleviation probably because they asked lots
of questions about the measuring method and
result precision in the maple forest. Examina-
tion pressure was found to be the major source
of anxiety of university students (Alzahem et
al. 2011). Although forest bathing was found
to be insufficient to alleviate the anxiety from
exam-pass pressure, in the oak forest younger
participants perceived more anxiety from ex-
am-pass pressure. Therefore, the experience in
the oak forest can be more effective to allevi-
ate anxiety from exam-pass pressure in elder
university students.

Current limits and future perspectives

In our study we found a significant tree-spe-
cies-specific effect of forest bathing on anxi-
ety alleviation. However, our results were still
limited by the number of species, psycholog-
ical mechanism and physiological responses.
Therefore, we suggest future works can con-
cern more details in such perspectives. Firstly,
coniferous tree species, e.g. cypress and pine,
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were not considered in our study despite the
fact that they are popularized in urban for-
ests. Based on current findings, there should
be some significant effect of forest bathing
between coniferous and broad-leaf species on
perceived anxiety alleviation. Secondly, fu-
ture studies are suggested to care more about
the mechanism for the establishment of spe-
cies-specific effect on psychology. Aspects of
tree color, canopy shape, smell and the possi-
bly touch feeling all need much more details
to clarify the effect of forest bathing. Finally,
future works are also suggested to quantify the
physiological response to urban forests with
different dominant tree species. Relevant evi-
dence has been abundant in studies comparing
forest and urban environments.

Conclusions

Our study found that urban forest had a
tree-species-specific effect on anxiety allevia-
tion in university students. In both birch and
oak forests participants can perceive signif-
icant alleviation of anxieties about personal
details, school work and social contact, but in
the maple forest only anxiety from study inter-
est was perceived to decline. In the birch for-
est participants perceived more anxiety from
employment pressure to be alleviated than in
the maple and oak forests. Therein participants
with greater body weight can perceive more
pleasure of communication with the teacher. In
the oak forest participants perceived more anx-
iety alleviation from lesson satisfaction than in
the birch forest. Heavier and elder participants
perceived more anxiety from exam-pass pres-
sure. In conclusion, for university students,
forest bathing in our study can promote their
study interest. Forest bathing can be more ef-
fective to alleviate the anxiety of young adults
with greater weight. The birch forest was rec-
ommended to be visited by students to allevi-
ate the pressure of employment worry, and the
oak forest was recommended to be visited by
girls.
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