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Abstract: Recently reported research indicate that forest environments have physiological
and psychological relaxing effects compared to urban environments. However, some
researchers claim that the stress of the subjects from being watched by others during
measurements can affect the measurement result in urban experiments conducted in the
center of a street. The present study was conducted to determine whether forest environments
have physiological and psychological relaxing effects, using comparison of viewing a forest
area with viewing an urban area from the roof of an urban building without being watched
by others. Near-infrared spectroscopy (NIRS) measurement was performed on subjects
while they viewed scenery for 15 min at each experimental site (urban and forest areas).
Subjective assessments were performed after the NIRS measurement was complete. Total
hemoglobin and oxyhemoglobin concentrations were significantly lower in the forest area
than in the urban area. For semantic differential in subjective assessments, feelings of
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“comfortable”, “natural”, and “soothed” were significantly higher in the forest area than in
the urban area, and for profile of mood states, negative emotions were significantly lower in
the forest area than in the urban area. The results of physiological and psychological
measurements show that viewing the forest enabled effective relaxation.

Keywords: forest therapy; near-infrared spectroscopy; prefrontal cortex activity;
hemoglobin concentration; semantic differential method; profile of mood states

1. Introduction

In modern society, nature space is continuously decreasing owing to urbanization, and modern people
live in a more complex and competitive environment compared to the past. In consequence, modern
people are constantly exposed to stress. In an attempt to reduce the stress levels, many studies have been
conducted to scientifically determine whether contact with forest has a physiological and psychological
relaxing effect on human bodies [1-10]. At the beginning of these studies, the application of
measurement technology to a field was limited; therefore, it was difficult to perform an experiment at a
field. However, the rapid development of measurement technology and equipment accuracy has enabled
accurate physiological measurements to be performed during field experiments [11].

Among the main physiological indicators used in a field experiment, autonomic nervous system
activity indicators include blood pressure [1-3,7], pulse rate [1-4,6,7], and heart rate variability [1-6],
and endocrine system activity indicators include salivary cortisol concentration [2—4,6—8]. An immune
system activity indicator is natural killer cell activity [9,10]. Time-resolved spectroscopy (TRS) [8] is
currently used as a central nervous system activity indicator.

However, stimulus from various external factors cannot be controlled in field experiments. External
factors can be physical environment such as temperature, humidity and wind speed or the awareness of
the external environment of the subjects. And subject awareness of the gaze of others during measurement
can affect the measurement result in urban experiments, particularly in the center of a street.
Accordingly, the present study was conducted in a forest and on the roof of a building, away from the
view of others, to minimize external stimuli.

It has been recently proposed that the effect of forest therapy can be scientifically demonstrated
using near-infrared spectroscopy (NIRS), considering reports that the prefrontal cortex activity,
following a stimulus causing stress is closely associated with a change in autonomic nervous functions
or state of mind and body [12—14]. The present study was conducted to evaluate the physiological and
psychological effects of viewing forest scenery on prefrontal cerebral activity using portable NIRS and
subjective assessments.

2. Methods

The study was conducted in a forest located at Dowon-ri, Toseong-myun, Goseong-gun, Gangwon-do,
Korea. An urban area where buildings are concentrated in Yuseong-gu, Daejeon Metropolitan City,
Korea, was selected as a contrasting site. The urban experiment of the study was conducted on the
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rooftop of a four-story building. The subjects were directed to view the urban scenery on the roof of a
building. Before the experiment, it had been notified that if the subject feels any discomfort such as
“fear of heights” or “physical disorder” he or she can terminate the experiment at their own will.

Eight Korean university students (age range 22.0 + 2.2 years) participated in this study. The subjects
were physically and mentally healthy adults. This study was performed according to the regulations of
the Bioethics Committee of Chungnam National University in Korea.

NIRS [15] was used to evaluate the physiological reaction. NIRS measured human central nervous
system activity indicators using a portable near-infrared tissue oxygenation monitor (PocketNIRS Duo,
Dynasense, Shizuoka, Japan) [16,17]. Moreover, NIRS measured changes in the hemoglobin concentration
in the prefrontal cortex via the modified Beer-Lambert (MBL) method [18] from a change in the
intensity of radiation of each of three wavelengths: 735, 810, and 850 mm. In this study, a change was
measured in the total hemoglobin (total Hb) and oxyhemoglobin (oxy-Hb) concentrations. The NIRS
data were obtained by performing measurement for a total of 15 min per experiment area and were
collected at an interval of 1 s.

Psychological assessments, including the semantic differential (SD) method and a profile of mood
state (POMS) were applied to evaluate psychological reactions. The SD method [19] is widely used to
evaluate scenery, a factor difficult to quantify owing to subjective differences. The study evaluated
feelings on a 13-point scale using adjectives, such as “comfortable—uncomfortable”, “natural—artificial”,
and “soothed-stimulating”. This study used a shortened version of POMS, which is a method of

9 <6

evaluating the emotions of respondents in items, such as “tension and anxiety”, “depression”, “anger and
hostility”, “vigor”, “fatigue”, “confusion”, and “total mood disturbance” using 30 questions [20-22].

Figure 1 shows an experimental design of this research. All subjects were informed of the contents
of experiments before starting the experiments, understood the experimental method, and then
participated in the experiment; the subjects agreed to all the contents of the experiment.

The experiment comprised 2 sessions. In the first session, forest scenery was viewed, and in the
second session, urban scenery was viewed. The experiments in this study were designed with
“Single-Group Crossover Design” [23].

To minimize the quantity of motion, the subjects were moved by car from waiting room to experiment
sites. The subject walked 10 m on foot after getting out of car. The subjects were asked to sit on chair
and close their eyes immediately and 1 min was given for subjects’ settlement. After 1 min settlement,
the subjects were asked to open eyes and NIRS were measured for 15 min. The subjective assessments
were evaluated after NIRS measurement.

Eight samples were collected and analyzed. For the NIRS data, a paired t-test was used to compare
the forest and urban area results. Only 7 samples were used, owing to an error in measurement of
1 subject. The subjective assessments were performed with a Wilcoxon signed-rank test. Statistical
analyses were performed with Excel 2010 (Microsoft Inc., Redmond, WA, USA) and SPSS 21.0
(SPSS Inc., Chicago, IL, USA). For all cases, p < 0.05 was considered statistically significant.
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Figure 1. Experimental design.
3. Results and Discussion

The change in total Hb concentration was significantly lower when forest scenery was viewed
(—0.014 £ 0.007 A.U.) than when urban scenery was viewed (0.006 + 0.006 A.U.; p < 0.05; Figure 2;
Table 1). The change in oxy-Hb concentration was also significantly lower in the forest area (—0.007 +
0.007 A.U.) than in the urban area (0.008 + 0.007 A.U.; p < 0.05; Figure 3; Table 1). A lower
concentration of total Hb and oxy-Hb indicates that the quantity of oxygen transmitted to the prefrontal
cortex tissue is small. In other words, the prefrontal cortex activity in a forest area is more stabilized
than that in an urban area. This result is consistent with that of a previous study [8,17]; Park ez al. (2007)
and Ikei ef al. (2013) showed that low Hb concentration means the relaxation of brain function [8,17],
and Park et al. (2007) reported that the absolute value of cerebral activity in the prefrontal area of the
forest area was significantly lower than in the urban area [8].
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Figure 2. Comparison of the total-Hb concentration of subjects viewing forest and urban
areas. N =7, mean + SE, * p <0.05, determined by paired z-test.
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Figure 3. Comparison of the oxy-Hb concentration of subjects viewing forest and urban
areas. N =7, mean = SE, * p <0.05, determined by paired #-test.

Table 1. Summary of the comparison of hemoglobin concentration between the forest and
urban areas.

Total Hb Oxy-Hb
Forest area —0.014 +£ 0.007 —0.007 = 0.007
Urban area 0.006 £ 0.006 0.008 £ 0.007
p-value 0.023 * 0.014 *

N =7, mean = SE, * p <0.05.

Comparison of the SD scores showed that the feelings of “comfortable”, “natural”, and “soothed”

b

were all significantly higher in the forest area than in the urban area (p < 0.05; Figure 4; Table 2). Figure
5 and Table 3 show comparison of the POMS scores in the two areas. “Anger and hostility”, “fatigue”,
and “total mood disturbance” were significantly lower in the forest area than in the urban area (p < 0.05).
Furthermore, “vigor” was significantly higher in the forest area than in the urban area (p < 0.05).
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However, “tension and anxiety”, “depression”, and “confusion” were not significantly different between
the two areas.
This result was partly consistent with those of previous studies, indicating that the forest area has

more positive effects than the urban area [7,8,24,25].
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Figure 4. Comparison of subjective scoring for “comfortable”, “natural”, and “soothed”
feeling between forest and urban areas. N =8, mean + SE, * p <0.05; ** p <0.01, determined
by Wilcoxon signed-rank test.
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Figure 5. Comparison of subjective scoring for “anger and hostility”, “vigor”, “fatigue”,
and “total mood disturbance” by POMS between forest and urban areas. N = §, mean + SE,
*p<0.05; ** p <0.01, determined by Wilcoxon signed-rank test.

Table 2. Summary of the comparison of SD method between the forest and urban areas.

Comfortable Natural Soothed
Forest area 4.00 + 0.60 4.63 £0.63 3.63+0.91
Urban area 0.13+0.40 —2.00 +0.53 0.00 +0.53
p-value 0.006 ** 0.006 ** 0.010 *

N =28, mean =+ SE, * p <0.05, ** p<0.01
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Table 3. Summary of the comparison of POMS between the forest and urban areas.

T-A D \4 F C A-H TMD

Forestarea  0.63+0.38 0.13+0.13  6.88+2.29 2.00+£0.53 1.63 £0.65 0.00+0.00 —-2.50+1.49
Urbanarea 2.25+0.73 0.25+0.25 0.63+0.32 6.00 + 1.34 1.13£0.30 0.63 £0.26 9.63 £0.91

p-value 0.062 0.327 0.014 * 0.021 * 0.248 0.029 * 0.006 **

T-A: anger-hostility; D: depression; V: vigor; F: fatigue; C: confusion; A-H: anger-hostility; TMD: total mood
disturbance. N = 8, mean + SE, * p <0.05, ** p <0.01.

Meanwhile, this study has some limitation. First, There were only 8 subjects in the study. Considering
the small quantity of subjects, we defined the subjects’ age in their 20’s. Therefore, it is difficult to
estimate in other age ranges. To generalize the result of the study, there needs to be evidence-based
further research on a larger sample size including various age ranges. Second, NIRS measurement
instrument used for this study can show only the changing value from the beginning of measurement
and can’t indicate the absolute value. The zero point is the value at the beginning of each measurement.
Therefore, this study directly compares the difference of NIRS data changes between when viewing of
forest and urban areas. Third, only NIRS was used to evaluate physiological parameters. However,
the application of NIRS to demonstrate the effect of forest therapy is supported by recent findings stating
that the measurement of prefrontal cortex activity via NIRS can be applied to the objective assessment
of stress condition and relaxation effects [13,14].

4. Conclusions

This study was conducted to evaluate the physiological and psychological effects of viewing scenery
in a forest area. The prefrontal cortex activity in a forest area was more stabilized than in an urban area,
and the forest area produced more relaxing effects than did the urban area. Considering that the urban
part of the study was conducted on the roof of an urban building out of the view of others, these results
suggest that a forest area produces more physiological and psychological relaxing effects than an urban
area even when others are not watching.

Acknowledgments

This study was conducted with the support of “Forest Science & Technology Projects (Project
S111115L020100)” provided by Korea Forest Service.

Author Contributions

D.J. contributed to the study design, data acquisition, statistical analysis, interpretation of the results,
and manuscript preparation. G.K., Y.C. and H.L. were involved with data acquisition and statistical
analysis. S.P. conceived and designed the study. J.W. participated in the design of the study and
interpreted the data. B.P. participated in experimental design, data acquisition, and manuscript
preparation. All authors contributed to the preparation and are responsible for the final editing and

approval of this manuscript.



Int. J. Environ. Res. Public Health 2015, 12 7242

Conflicts of Interest

The authors declare no conflict of interest.

References

10.

11.

12.

Park, B.J.; Tsunetsugu, Y.; Kasetani, T.; Morikawa, T.; Kagawa, T.; Miyazaki, Y. Physiological
effects of forest recreation in a young conifer forest in Hinokage town, Japan. Silva Fenn. 2009, 43,
291-301.

Tsunetsugu, Y.; Park, B.J.; Ishii, H.; Hirano, H.; Kagawa, T.; Miyazaki, Y. Physiological effects of
shinrin-yoku (taking in the atmosphere of the forest) in an old-growth broadleaf forest in Yamagata
prefecture, Japan. J. Physiol. Anthropol. 2007, 26, 135-142.

Park, B.J.; Tsunetsugu, Y.; Kasetani, T.; Kagawa, T.; Miyazaki, Y. The physiological effects of
Shinrin-yoku (taking in the forest atmosphere of forest bathing): Evidence from field experiments
in 24 forests across Japan. Environ. Health Prev. Med. 2010, 15, 18-26.

Park, B.J.; Tsunetsugu, Y.; Ishii, H.; Furuhashi, S.; Hirano, H.; Kagawa, T.; Miyazaki, Y.
Physiological effects of Shinrin-yoku (taking in the atmosphere of the forest) in a mixed forest in
Shinano Town, Japan. Scand. J. For. Res. 2008, 23, 278-283.

Lee, J.; Tsunetsugu, Y.; Takayama, N.; Park, B.J.; Li, Q.; Song, C.; Komatsu, M.; Ikei, H.;
Tyrvdinen, L.; Kagawa, T.; et al. Influence of forest therapy on cardiovascular relaxation
in young adults. Evid.-Based Complement. Altern. Med. 2014, doi:10.1155/2014/834360.

Lee, J.; Park, B.J.; Tsunetsugu, Y.; Ohira, T.; Kagawa, T.; Miyazaki, Y. Effect of forest bathing on
physiological and psychological responses in young Japanese male subjects. Public Health 2011,
125, 93-100.

Lee, J.; Park, B.J.; Tsunetsugu, Y.; Kagawa, T.; Miyazaki, Y. Restorative effects of viewing real
forest landscapes, based on a comparison with urban landscapes. Scand. J. For. Res. 2009, 24,
227-234.

Park, B.J.; Tsunetsugu, Y.; Kasetani, T.; Hirano, H.; Kagawa, T.; Sato, M.; Miyazaki. Y.
Physiological effects of Shinrin-yoku (Taking in the atmosphere of the forest)-using salivary
cortisol and cerebral activity as indicators. J. Physiol. Anthropol. 2007, 26, 123—128.

Li, Q.; Morimoto, K.; Kobayashi, M.; Inagaki, H.; Katsumata, M.; Hirata, Y.; Hirata, K.; Suzuki, H.;
Li, Y.J.; Wakayama, Y.; ef al. Visiting a forest, but not a city, increases human natural killer activity
and expression of anti-cancer proteins. /nt. J. Immunopathol. Pharmacol. 2008, 21, 117-127.

Li, Q.; Morimoto, K.; Kobayashi, M.; Inagaki, H.; Katsumata, M.; Hirata, Y.; Hirata, K.; Shimizu, T.;
Li, Y.J.; Wakayama, Y.; et al. A forest bathing trip increases human natural killer activity and
expression of anti-cancer proteins in female subjects. J. Biol. Regul. Homeost. Agents 2008, 22,
45-55.

Tsunetsugu, Y.; Park, B.J.; Miyazaki, Y. Trends in research related to “Shinrin-yoku” (taking in the
forest atmosphere of forest bathing) in Japan. Environ. Health Prev. Med. 2010, 15, 27-37.

Wang, J.; Rao, H.; Wetmore, G.S.; Furlan, P.M.; Korczykowski, M.; Dinges, D.F. Perfusion
functional MRI reveals cerebral blood flow pattern under psychological stress. Proc. Natl. Acad.
Sci. USA 2005, 102, 17804—17809.



Int. J. Environ. Res. Public Health 2015, 12 7243

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Tanida, M.; Sakatani, K.; Takano, R.; Tagai, K. Relation between asymmetry of prefrontal cortex
activities and the autonomic nervous system during a mental arithmetic task: Near infrared
spectroscopy study. Neurosci. Lett. 2004, 369, 69-74.

Tanida, M.; Katsuyama, M.; Sakatani, K. Effect of fragrance administration on stress-induced
prefrontal cortex activity and sebum secretion in the facial skin. Neurosci. Lett. 2008, 432, 157-161.
Jobsis, F.F. Noninvasive, infrared monitoring of cerebral and myocardial oxygen sufficiency and
circulatory parameters. Science 1977, 198, 264—1267.

Mizuno, T.; Watanabe, T.; Iwai, H.; Shikayama, T.; Miwa, M.; Yamashita, Y.; Eda, H. High-speed
sampling measurements of tissue oxygenation by the portable near-infrared monitoring system.
Iryo kikigaku 2010, 80, 189—195. (in Japanese)

Ikei, H.; Komatsu, M.; Song, C.; Aga, M.; Igarashi, M.; Lee, J.; Lee, S.; Kagawa, T.; Kobayashi, H.;
Miyazaki, Y. Effect of forest therapy on prefrontal cortex activity-using portable NIRS. In The
Report at 67th Conference of the Japan Society of Physiological Anthropology (JSPA), Tokyo,
Japan, 17—18 November 2012; Paper No. 01-1; JSPA: Tokyo, Japan, 2012; pp. 34-35. (in Japanese)
Delpy, D.T.; Cope, M.; Zee, P.; Arridge, S.; Wray, S.; Wyatt, J. Estimation of optical pathlength
through tissue from direct time of flight measurement. Phys. Med. Biol. 1988, 33, 1433—-1442.
Osgood, C.E.; Suci, G.J.; Tannenbaum, P. The Measurement of Meaning; University of Illinois
Press: Urbana, IL, USA, 1957.

McNair, D.; Lorr, M. An analysis of mood in neurotics. J. Abnorm. Soc. Psychol. 1964, 69,
620-627.

Kim, E.J.; Lee, S.I.; Jeong, D.U.; Shin, M.S.; Yoon, I.Y. Standardization and reliability and validity
of the Korean edition of profile of mood states (K-POMS). Sleep Med. Psychophysiol. 2003, 10,
39-51.

McNari, D.; Lorr, M.; Droppleman, L. Manual for the Profile of Mood States; Educational and
Industrial Testing Services: San Diego, CA, USA, 1971.

Bausell, R.B. The Design and Conduct of Meaningful Experiments Involving Human Participants;
Oxford University Press: New York, NY, USA. 2015.

Park, B.J.; Furuya, K.; Kasetani, T.; Takayama, N.; Kagawa, T.; Miyazaki, Y. Relationship between
psychological responses and physical environments in forest settings. Landsc. Urban Plan. 2011,
102,24-32.

Tsunetsugu, Y.; Lee, J.; Park, B.J.; Tyrvainen, L.; Kagawa, T.; Miyazaki, Y. Physiological and
psychological effects of viewing urban forest landscapes assessed by multiple measurement.
Landsc. Urban Plan. 2013, 113, 90-93.

© 2015 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article

distributed under the terms and conditions of the Creative Commons Attribution license

(http://creativecommons.org/licenses/by/4.0/).



