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1. Introduction

Recent studies have focused on the physiological relax-
ing effects of the natural environment (Park et al., 2009; 
2012). It has been reported that staying in a forest environ-
ment enhances parasympathetic nervous activity (Park et 
al., 2012; Tsunetsugu et al., 2013), suppresses sympathetic 
nervous activity (Park et al., 2012; Tsunetsugu et al., 2013; 
Lee et al., 2014), decreases blood pressure and pulse rate 
(Park and Mattson, 2009; Park et al., 2012), and decreases 
cortisol concentration (Park et al., 2012). Studies by Li et 
al. (2007, 2008 a, b) demonstrated that staying in a forest 
environment for three days and two nights improved the 
immune function of office workers (Li et al., 2007), and 
this effect was sustained for approximately one month (Li 
et al., 2008 a, b). Another study reported that walking in an 
urban park enhances parasympathetic nervous activity and 
decreases heart rate (Song et al., 2013). In addition, spend-
ing time in rooftop gardens enhances parasympathetic ner-
vous activity and suppresses sympathetic nervous activity 
in elderly people requiring care (Matsunaga et al., 2011).

Evidence-based medicine has been attracting attention 
globally, with physiological data from field tests making 
a significant contribution. We expect that accumulating 
physiological data from field experiments will continue to 
demonstrate the preventive medical effects of nature ther-
apy in the future (Lee et al., 2012).

In modern society, many individuals spend the major-
ity of their time in intensely stressful states, and they have 
no time to make contact with nature outside of their im-
mediate surroundings. High school students, who spend 
most of their everyday life at school, are typical examples. 
Previous studies have evaluated the psychological stress 
levels in high school students (Anda et al., 2000; Takakura 
and Sakihara, 2001). Moreover, many high school students 
have stressful relationships with friends or teachers (Mi-
ura and Kawada, 2008). In a document by the Japanese 
Ministry of Education, the percentage of students who 
progressed to universities or junior colleges in 2010 was 
56.9%, which was 18.5% higher than the rate in 1975 (Sta-
tistics Bureau, Ministry of Internal Affairs and Communi-
cations, 2012), and the pressure from entrance examina-
tions is extremely high among high school students (Equal 
Employment, Children and Families Bureau, Ministry of 
Health, Labour and Welfare, 2009).
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Flowers and foliage plants are common natural sur-
roundings that can be incorporated into the school and 
home. We previously conducted surveys to evaluate the 
physiological effects of visual stimulation with fresh 
rose flowers in high school students (Ikei et al., 2013), 
middle-aged and elderly medical staff (Komatsu et al., 
2013), and office workers (Ikei et al., 2014). The results 
showed enhanced parasympathetic nervous activity (Ikei 
et al., 2013; Komatsu et al., 2013; Ikei et al., 2014), sup-
pressed sympathetic nervous activity (Ikei et al., 2013), 
and decreased pulse rates (Komatsu et al., 2013) during 
visual stimulation.

It was reported in a previous study that natural views 
from hospital windows or the presence of indoor plants 
hasten the recovery of patients after surgery and decrease 
systolic blood pressure (Park and Mattson, 2009). These 
effects have also been studied in a classroom, demonstrat-
ing that the ambience of indoor space can be improved by 
including foliage plants (Doxey et al., 2009), as reflected 
by enhanced feelings of comfort among the students (Han, 
2009). However, there have been no reports on the influ-
ence of visual stimulation with foliage plants on heart 
rate variability (HRV) and subjective feelings in minors. 
Therefore, this study was conducted to examine the effects 
of exposure to the foliage plant dracaena (Ministry of Ag-
riculture, Forestry and Fisheries, 2008) on physiological 
and psychological variables (HRV, pulse rate, and subjec-
tive responses) in high school students.

2. Materials and Methods

The experiments were conducted in a classroom of the 
Chiba Prefectural Kashiwanoha Senior High School in 
October 2012. The room temperature was approximately 
25.9°C, relative humidity approximately 52.6%, and illumi-
nation approximately 900  lux. Eighty-five high school stu-
dents (41 male and 44 female; 16.5±0.9 years; mean±SD) 
participated in the experiment. The study was conducted 
with the approval of the Ethics Committee of the Center for 
Environment, Health and Field Sciences, Chiba University. 

All subjects provided written informed consent.
Three dracaena plants (Dracaena deremensis, Lemon 

Lime), 55-60 cm high, were placed at intervals of 8 cm on 
a desk in front of each subject (test situation). The distance 
from the subject’s eyes to the plants was approximately 55 
cm, and they were adjusted according to the height of the 
subjects. No exposure to foliage plants was used as the con-
trol condition. Before visual stimulation, the plants and the 
control were covered by a corrugated cardboard box (rest 
condition). Figure 1 shows the study protocol, figure 2 the 
rest condition, and figure 3 the visual stimuli (the dracaena 

Fig. 1 -  Study protocol for testing the physiological and psychological 
relaxing effects of visual stimulation with foliage plants in high 
school students.

Fig. 2 - The rest condition.

Fig. 3 -The visual stimulation condition.
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plants or control). After viewing the cardboard box at rest in 
a sitting posture for 1 min (Fig. 2), the subject was exposed 
to the plants or control for 3 min (Fig. 3). After the experi-
ments, each subject completed a questionnaire. The order of 
stimuli was counterbalanced among subjects.

HRV and pulse rate were measured as physiological 
indices. HRV was calculated by spectral analysis of the 
coefficient of variation of the a-a interval on an accelerated 
plethysmograph (APG; ARTETT, U-Medica Inc., Osaka, 
Japan). Previous studies have reported that the a-a interval 
on an APG and R-R interval on an electrocardiogram are 
strongly correlated (Takada and Okino, 2004; Takada et 
al., 2008). The sampling frequency was set at 1000 Hz. 
The maximum entropy method was used for frequency 
analysis, and variance of the low frequency (LF; 0.04-0.15 
Hz) and high frequency (HF; 0.15-0.40 Hz) components 
were calculated. The LF/(LF+HF) ratio for R-R interval 
variability was also assessed. The HF component was used 
as an index of parasympathetic nervous activity and the 
LF/(LF+HF) ratio was used as an index of sympathetic 
nervous activity (Weise and Heydenreich, 1989; Cacioppo 
et al., 1994; Sawada et al., 1997). Generally, parasympa-
thetic nervous activity is enhanced during relaxation and 
sympathetic nervous activity is enhanced at the time of 
awakening and stress (Ackerknecht, 1974). Therefore, the 
pulse rate was converted by dividing 60 by the a-a inter-
val on APG. The HRV and pulse rate data were collected 
continuously during the 3-min experiments and averaged.

In addition, the subjects subjectively evaluated the 
emotional effects of the dracaena plants and control using 
the modified semantic differential (SD) method (Osgood 
et al., 1957), which uses three pairs of adjectives on 13 
scales, including “comfortable-uncomfortable,” “relaxed-
awakening,” and “natural-artificial.”

The Statistical Package for Social Sciences software 
(v20.0, IBM Corp., Armonk, NY, USA) was used for all 
statistical analyses. A paired t-test was used to compare 
the physiological responses to visual stimulation with dra-
caena plants or control, followed by Holm correction of the 
changes in each 1-min average, while the Wilcoxon signed 
rank test was used to compare the psychological responses 
to visual stimulation with dracaena plants or control. For 
both conditions, one-sided tests were used because of the 
hypothesis that humans are relaxed by visual stimulation 
with foliage plants. Statistical differences were considered 
significant at P<0.05.

3. Results

Significant differences were found in the values of the 
HF component and the LF/(LF+HF) ratio of HRV between 
dracaena and the control.

Figure 4 shows the HF component of HRV, an estimate of 
parasympathetic nervous activity. HF between 0 and 1 min 
was 1210.7±120.3 (mean±SE) ms2 during the test condition 
and 1032.9±95.2 ms2 during the control condition, showing 
a significant increase of 17.2% (P<0.05) (Fig. 4A) during 

the test condition. Similarly, HF between 1 and 2 min was 
1052.0±109.3 ms2 during the test condition and 893.1±87.1 
ms2 during the control condition, showing a significant in-
crease of 17.8% (P<0.05) (Fig. 4A) during the test condi-
tion. There was no significant difference in HF between 2 
and 3 min. The overall HF during the 3-min experiment was 
1083.9 ± 101.5 ms2 in the test condition and 954.8±83.5 ms2 
in the control condition, showing a significant increase of 
13.5% (P<0.01) (Fig. 4B) with the test condition, indicat-
ing that parasympathetic nervous activity was significantly 
higher during dracaena plant exposure.

The results of the LF/(LF+HF) ratio, a marker of 
sympathetic nervous activity, are shown in figure 5. For 
1-min segment analysis, the LF/(LF+HF) ratio between 
0 and 1 min was 0.47±0.02 during the test condition and 
0.52±0.02 during the control condition, showing a signifi-
cant decrease of 9.6% (P<0.05) (Fig. 5A) with the former. 

Fig. 4 -  The 1-min averages and overall mean high frequency component 
(HF) of heart rate variability (HRV) during visual stimulation 
with dracaena plants and control.
(A) Changes in each 1-min average HF value over 3 min.
(B) Overall mean HF values.
n=85.
mean±SE.
*P < 0.05, **P < 0.01 as determined by the paired t-test, Holm 
correction.

Fig. 5 -  The 1-min averages and the overall mean LF/(LF+HF) ratio 
of heart rate variability. (HRV) during visual stimulation with 
dracaena plants and control.
(A) Changes in each 1-min average LF/(LF+HF) value over the 
3 min.
(B) Overall mean LF/(LF+HF) values.
n=85.
mean±SE.
*P<0.05 as determined by the paired t-test, Holm correction.
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Similarly, between 1 and 2 min, the ratio was 0.48±0.02 
during the test condition and 0.54±0.02 during the con-
trol condition, showing a significant decrease of 11.1% 
(P<0.05) (Fig. 5A) during the test. No significant differ-
ence was observed between 2 and 3 min. For the entire 
3-min duration, LF/(LF+HF) was 5.6% lower during the 
test condition than during the control condition (dracaena: 
0.51±0.02, control: 0.54±0.02; P<0.05) (Fig. 5B), indi-
cating that sympathetic nervous activity was significantly 
lower during dracaena plant exposure.

Clear differences in pulse rate were observed between 
dracaena and control exposure. The pulse rate between 0 
and 1 min was 71.9±1.2 beats/min during the test condi-
tion and 72.7±1.2 beats/min during the control condition, 
showing a significant decrease of 1.1% (P<0.05) (Fig. 6A) 
during the test condition. Similarly, between 1 and 2 min, 
the pulse rate was 72.6±1.2 beats/min during the test con-
dition and 73.3±1.2 beats/min during the control condition, 
showing a significant decrease of 1.0% (P<0.05) (Fig. 6A) 
during dracaena plant exposure. No significant difference 
was observed between 2 and 3 min. The mean pulse rate 
was 0.1% lower during the test condition than during the 
control condition (dracaena: 72.4±1.2 beats/min, control: 
73.0±1.2 beats/min; P<0.05) (Fig. 6B).

The subjective evaluation data clearly showed the ef-
fect of the two different visual stimuli on the psychological 
states of participants. Participants felt significantly more 
comfortable (dracaena: “slightly comfortable”; control: 
“indifferent”; P<0.01) (Fig. 7, left), relaxed (dracaena: 
“slightly relaxed”; control: “indifferent”; P<0.01) (Fig. 7, 
center), and natural (dracaena: “slightly natural”; control: 
“indifferent”; P<0.01) (Fig. 7, right) in the dracaena con-
dition than in the control condition after stimuli.

4. Discussion and Conclusions

An improved ambience resulting from the placement 
of foliage plants in a classroom may significantly enhance 

physiological relaxation and mental health in high school 
students, as shown in the present investigation.

Relatively brief (3 min) visualization of foliage plants 
resulted in significantly enhanced parasympathetic ner-
vous activity (13.5%), suppressed sympathetic nervous 
activity (-5.6%), and decreased pulse rate (-0.8%), results 
which are consistent with previous studies involving the 
visualization of a forest scene (Park et al., 2010; Tsunetsu-
gu et al., 2010; Park et al., 2011). Furthermore, our find-
ings are consistent with those of our previous report on the 
calming effects of roses in high school students (Ikei et al., 
2013), where similar physiological responses were found. 
Also in line with our findings, visual stimulation with 
fresh roses enhanced parasympathetic nervous activity and 
significantly decreased the heart rate in middle-aged and 
elderly medical staff (Komatsu et al., 2013), while it en-
hanced parasympathetic nervous activity in office workers 
(Ikei et al., 2014).

According to our analysis of the three questionnaires, 
the subjects in the present study felt more comfortable, 
relaxed, and natural after visualizing the dracaena plants. 
This result is consistent with that of our previous report on 
the calming effects of roses (Ikei et al., 2013; Komatsu et 
al., 2013; Ikei et al., 2014).

The results of this study support the hypothesis that 
placement of foliage plants in classrooms can induce a re-
laxing effect, improve physiological activity, and improve 
the psychological state in high school students. Because 
of the growing interest in mental health in modern times 
(Murray and Lopez, 1996), the psychological benefits of 
indoor plants are expected to play an important role in the 
promotion of mental health in the future.

However this study had limitations. First, we only eval-
uated HRV. Thus, the results cannot be interpreted in terms 
of a complete physiological evaluation. Other experimen-
tal indices such as brain activity and stress hormone lev-
els should be assessed to determine the effects of visual 
stimulation with natural objects, such as foliage plants on 
human response. Second, only dracaena plants were used. 

Fig. 6 -  The 1-min averages and overall mean pulse rate during visual 
stimulation with dracaena plants and control.
(A) Changes in each 1-min average pulse rate over the 3 min.
(B) Overall mean pulse rates.
n=85.
mean±SE.
*P < 0.05 as determined by the paired t-test, Holm correction.

Fig. 7 -  Changes in subjective evaluation for “comfortable–uncomfort-
able,” “relaxed–awakening,” and “natural–artificial” with dra-
caena plant exposure and control exposure.
n=85.
mean±SE.
**P < 0.01 as determined by the Wilcoxon signed-rank test.
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In future experiments, we will examine human responses 
to exposure to multiple types of foliage plants. We predict 
that the physiological data will support the physiological 
and psychological relaxing effects of foliage plants, which 
may subsequently lead to their increased use in educa-
tional establishments in attempts to decrease stress among 
students.

A brief visual stimulation of foliage plants shifted 
the sympathetic/parasympathetic balance and improved 
mood, suggesting a simple method to decrease stress and 
improve the health of high school students.
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