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Abstract: This study aimed to evaluate the effect of types of horticultural activities among elderly
individuals in a senior citizen learning camp. We arranged four horticultural activities: Grass Doll,
Kokedama, Rocky Leaf Prints, and Herb Tasting and Smelling. Twenty-seven senior citizens (60 to 76
years) were recruited to participate. We assessed their physiological and mental state before and after
the activities by measuring heart rate variability (HRV), pulse rate, blood pressure, salivary amylase
activity (SAA), and Profile of Mood States (POMS). Results showed that SAA was significantly lower
after the Rocky Leaf Prints, Herb Tasting and Smelling, and Kokedama. Pulse rate had a downward
trend after the four horticultural activities. The ratio of low frequency (LF) over high frequency
(HF) results showed that the Rocky Leaf Prints had a larger downward trend, followed by Herb
Tasting and Smelling. POMS scores indicated significant improvement for Rocky Leaf Prints and
Herb Tasting and Smelling. The types including artistic creation and food tasting were promising
methods for psychological relaxation, stress reduction, and vigor enhancement for elderly persons.
Findings showed that the impact of activities involving contact with plants was more significant in
short-term activities. We hope this study can help plan the horticultural activities of the elderly in
the future.

Keywords: healthy horticulture; heart rate variability; salivary amylase activity; Profile of Mood States;
delay aging; healthy aging; elderly

1. Introduction

Considering the advancement of medical technology and declining birthrates, an aging population
structure society has become a widespread phenomenon in developed countries around the world.
The issues faced by an aged society are getting more attention from the government and the population.
Taiwan became an aged society in March 2018 [1]. Each individual’s cause and degree of aging is
different, and aging includes functional aging, psychological aging, pathological aging, and social
aging. According to a report in 2015, by the Ministry of Health and Welfare of Taiwan, the healthy
or subhealthy accounted for 83.5% of the elderly population in Taiwan and the disabled account for
16.5% [2]. Whether healthy or disabled, as the elderly population ages they must face the decline of
physiological function and cognitive function, which leads to the negative impact of their physiological,
psychological, and social functions [3–6]. Studies have indicated that elders who contact nature or
plants or engage in horticultural activities could maintain health, delay aging, and improve the benefits
of physical, psychological, cognitive, and social functions [3,5,7–16]. Horticultural activities can also
be used as a method for rehabilitation or an adjuvant treatment of chronic diseases. In addition,
horticultural activities are popular and common leisure activities for the elderly [3,9,17–21]. One study
revealed that investing in the development of disease prevention can save significant costs, as each
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person spends $10 per year and the rate of return is 5.6 times after five years [22]. The national health
expenditure spending for chronic disease and long-term nursing institutions increased 1.23 times
between 2015 and 2018 in Taiwan [23]. It is perceivable that prevention is better than a cure. Perhaps
delaying aging through healthy horticultural activities can improve health as well as help avoid the
cost of medical and long-term care [12,24].

There are many types of horticultural activities, including static and dynamic, indoor and
outdoor, and touching plants. Horticultural activities are often used as auxiliary treatment methods
particularly [9,21,25,26] because they stimulate the five senses [18]. The current general horticultural
therapeutic activity types are summarized as follows: cultivation technique, artistic creation, food
tasting or smelling, flower viewing, guided tour, making daily necessities, and so on [4,7,12,15,17,21,26–28].
Each type of activity has different benefits and should be used as an improvement policy for different
objects with suitable activities. In addition to the types of activities, the activity field is also extremely
important. Studies revealed that the indoor environmental factors, such as air quality and temperature,
affect learning and health [29–32]. Therefore, the quality of the environment must also be considered
during the event.

Many studies have confirmed that heart rate variability (HRV), blood pressure, pulse rate,
and cortisol values can be measured before and after an activity to understand the benefits of the
activity on the participants [28,33–35]. Psychological stress affects the body in two main ways:
the hypothalamus-pituitary-adrenal gland axis and the sympathetic nervous system [36]. When people
feel stress, the sympathetic nervous system becomes more active, which is related to increased
heart rate. When this stress disappears, the parasympathetic nervous system decreases the heart
rate [37]. The response of the autonomic nervous system can be monitored by the HRV. Therefore,
HRV may be used as an objective assessment of stress and mental health [36]. HRV parameters include
high frequency (HF), low frequency (LF), and the standard deviation of the normal-to-normal (NN)
intervals (SDNN). The HF power is mainly mediated by parasympathetic nerves; the LF power is
mainly mediated by sympathetic nerves [36,37]. The LF value decreases and the HF value increases
when relaxed. It can also be evaluated by the ratio of the LF over the HF (LF/HF) [38]. SDNN is
a measure of the total power in the analyzed segment [35,39]. When the SDNN value increases,
it is an index of physiological resilience against stress [36]. The pulse and blood pressure tend to
slow down as the mood relaxes. In addition, cortisol levels can represent the mental and physical
states [4,40], however, the analysis time is longer and not instantaneous. One study confirmed that
salivary amylase activity (SAA) is positively related to it and is used to express the current stress
index. When the mood is nervous or more stressed, the SAA value is increased [40,41]. Moreover,
we can use questionnaires or scales to understand more subjective mental states [16,42]. Commonly
used questionnaires are the Profile of Mood States (POMS) [33,34,43], Life Satisfaction Index [5,16,44],
stress scale [28], and depression related scale [6,15,18,24]. Many studies have explored how contact
with nature and engagement in horticultural activities affects mental states [5–7,16,33,34,42]. Results
have shown the positive emotions increased and the negative emotions decreased for five types of
people. First, the elders living in nursing homes who were cognitively intact, and no visual or auditory
impairment occurred to them [5,7,16]. Second, the elders with depressive symptoms and memory
problems [6]. Third, middle-aged and elderly individuals with or without chronic diseases [34]. Fourth,
those with cardiovascular disease [42]. Finally, the elders [44] and adults [33] without diseases.

Finally, whether it is horticultural therapy for people with diseases or horticultural activities for
healthy or subhealthy people, many studies have confirmed that these activities can effectively improve
physical and mental health, increase well-being, and achieve the effect of delaying aging [7,8,17,18,26,42].
However, few studies have explored the impact of activity types on the elderly. Therefore, this study
selected three types of horticultural activities (culture technique, artistic creation, and food tasting) to
measure blood pressure, pulse rate, SAA, and questionnaire responses before and after each activity.
HRV was monitored throughout the process to understand the status of the elderly during activities.
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The results of this study can be used to plan healthy horticultural activities for the elderly in the future
to delay aging, increase healthy and active aging, and increase happy learning.

2. Materials and Methods

2.1. Participants

The participants were 27 elders aged 60 to 76 years (average years 67.9 ± 4.5) who attended
Fooyin University Senior Citizens Learning Camp in Kaohsiung, Taiwan. The Senior Citizens Learning
Camp is similar to the third age university (U3A), to encourage the senior learning motivation and
enhance their physical and mental health [45,46]. Taiwan’s Ministry of Education (MOE) has promoted
the senior education since 2008. This project comprised of universities and colleges that set up the
Senior Citizens Learning Camp, which was conducted at the school. The major group of the elderly
in these universities is citizens over 55 years old. Moreover, they are healthy or subhealthy and can
act independently without support or care. For recruitment in this study, program details including
inclusion criteria (i.e., elderly persons who were not disabled and can act independently) were posted
on a bulletin board at Fooyin University Senior Citizens Learning Camp. The 27 participants included 5
men and 22 women and they participated in five activities. First there was nonhorticultural intervention,
taken as the baseline. It was conducted on 4 January 2019. Participants conducted the most common
leisure activity for the elderly in Taiwan, which was watching TV [47]. The other four times were with
horticultural intervention. This study was approved by the Research Ethics Committee of National
Taiwan University (NTU-REC No. 201807HM036).

2.2. Healthy Horticultural Program

The program was conducted twice a week from January 8 to 18 January 2019, for four sessions
(average 1 h/session). During each healthy horticultural session, there were four phases (Figure 1):
(1) Pretest (5 min); (2) Activity content explanation (10 min); (3) Healthy horticultural activity (40 min);
(4) Post-test (5 min). Participants performed healthy horticultural sessions in groups of five to six
people. The session types and titles of the four-session horticultural activity program are listed in
Table 1. The first two sessions focused on culture technique. In Session 1, Grass Doll was an activity
based on the skills of sowing and seed germination. In Session 2, Kokedama was an activity about
potting, transplanting, and culture technique. In Session 3, Rocky Leaf Prints was an activity based on
artistic creation combined with hand massage. In Session 4, Herb Tasting and Smelling was an activity
that combined smell and taste to learn about different herbs (e.g., mint, rosemary, lavender, and stevia).
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Table 1. Activity titles, types, and objectives of the healthy horticultural activity program. 
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Grass Doll 
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peat soil into a doll style 
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To understand the process of seed 
germination and experience the 
growth process of life. 

Kokedama 
culture 

technique 
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To learn the skills of potting, 
transplanting and culture technique. 

Figure 1. The operation process and time of the activity.

2.3. Physiological Indices

To assess the objective physiological state of the program before and after the five activities, HRV,
pulse rate, blood pressure (systolic and diastolic), and salivary amylase activity (SAA) were used to
evaluate autonomic nervous system activity. HRV was measured throughout the events using an
equipment electrocardiography (ECG) (ECG125, BeneGear Inc., New Taipei City, Taiwan). This model
contacted Wi-Fi (wireless Internet) and enabled transmission of the measured data to the computer.
The HRV parameters included LF, HF, LF/HF, and SDNN. We had the LF and HF component as a
measure of sympathetic and parasympathetic nervous system activity of HRV. SDNN represented
total variability, and higher values indicated increased parasympathetic activity. Pulse rate and blood
pressure were measured using a fully automatic wrist type digital blood pressure monitor (HEM-6121,
Omron Healthcare Co Ltd., Matsusaka, Japan). We measured SAA value (kIU/L) with a salivary
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amylase monitor (CM-21, Nipro, Osaka, Japan) to evaluate the level of stress [40,48]. To determine
the effects of the five activities and eliminate individual differences, we interpreted the changes in the
LF/HF, SDNN, blood pressure, pulse rate, and SAA for each activity by dividing the post-test results
by the pretest results (the ratio of phase 4/phase 1).

Table 1. Activity titles, types, and objectives of the healthy horticultural activity program.

Activity Title Types Method Objectives

Grass Doll culture technique
Using socks, put seeds
and peat soil into a
doll style

To learn the skills of sowing and
seed germination.
To understand the process of seed germination
and experience the growth process of life.

Kokedama culture technique
Wrap the plant in moss
and tie it with
cotton thread

To learn the skills of potting, transplanting and
culture technique.
To train the ability of hand grip and coordination.

Rocky Leaf Prints artistic creation
Using stone balls to print
the color of leaves and
flowers onto cotton cloth

To understand that plant color changes are
affected by plant pigments and the environment.
To be creative and artistic.

Herb Tasting and Smelling food tasting Smell and taste to learn
about different herbs

To learn the knowledge and application of
herbal plants.
To enjoy the experience of smell and taste.

2.4. Psychological Indices

To assess the subjective emotional condition of the participants before and after these activities,
a short form of the POMS subscale scores and a Total Mood Disturbance (TMD) score were used to
evaluate psychological responses to the horticultural activities. The POMS scores with 37 questions
using the five-point Likert Scale were determined for the following six subscales, including depression
(D), confusion (C), tension (T), anger (A), fatigue (F), and vigor (V). The TMD score was calculated by
summing the subscales of depression (D), confusion (C), tension (T), anger (A), and fatigue (F) and
subtracting the subscales of vigor (V) (TMD = D + C + T + A + F − V). A high TMD score indicated a
poor mental state, and a low score indicated a better mental state [33].

2.5. Environment Indices

Studies have indicated that indoor air quality affects people’s work efficiency and judgment
ability [30,32,49]. In order to ensure the environmental quality of the operation space, the parameters
of temperature, relative humidity, concentration of carbon dioxide (CO2), and concentration of carbon
monoxide (CO) were monitored by AIRBOXX Indoor Air Quality Monitor (KD Engineering, NY, USA).
We started recording 30 min before each activity and recorded data at 10-minute intervals until 30 min
after the events ended. The environmental space was about 98 square meters, and three monitoring
points were placed in a classroom. The temperature, relative humidity, light intensity, concentration of
CO2, and concentration of CO in the air were 23.6 ± 0.7 ◦C (mean ± standard deviation), 83.8 ± 1.4%,
890.0 ± 76.9 lux, 803.9 ± 233.0 ppm, and 1.7 ± 0.5 ppm, respectively.

2.6. Statistical Analysis

The data were analyzed using IBM SPSS Statistics version 26.0 (IBM Corp., Armonk, NY, USA) and
CoStat 6.2 (CoHort Software, Monterey, CA, USA), and the results were plotted by SigmaPlot software
version 10.0 (Systat Software Inc., San Jose, CA, USA). We used paired sample t-tests to compare
the difference between the pretest and post-test at p < 0.05 was considered statistically significant.
Each activity was evaluated for significance using an analysis of variance (ANOVA) followed by a
least significant difference (LSD) test at p < 0.05. The effect size was reported by Cohen’s d.
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3. Results

3.1. Psychological Indices

The results for SAA were significantly decreased after the activities of Rocky Leaf Prints (p < 0.05),
Herb Tasting and Smelling (p < 0.05), and Kokedama (p < 0.001). The results for pulse rate had a
downward trend after the four healthy horticultural activities. In addition, the results for systolic and
diastolic blood pressure had an upward trend but did not significantly change after the four healthy
horticultural activities (Tables 2–5).

Table 2. Effect of Grass Doll on physiological indices.

Physiological Indices Pre-Test Post-Test p t Effect Size

Systolic blood pressure (mmHg) 136.6 ± 4.0 138.0 ± 2.8 0.771 0.292 0.08
Diastolic blood pressure (mmHg) 80.5 ± 2.1 81.7 ± 1.9 0.676 0.421 0.12

Pulse rate (bpm) 75.7 ± 2.2 72.0 ± 2.2 0.234 −1.206 0.35
Salivary amylase activity (KU/L) 32.1 ± 6.5 17.3 ± 3.6 0.053 −1.985 0.57

Data are expressed as the mean± standard error. t: The t-test statistic for a paired sample t-test; p: The p-value
(probability value) for the t-test statistic. The effect size is reported by Cohen’s d.

Table 3. Effect of Kokedama on physiological indices.

Physiological Indices Pre-Test Post-Test p t Effect Size

Systolic blood pressure (mmHg) 131.5 ± 3.7 136.5 ± 3.7 0.359 0.927 0.28
Diastolic blood pressure (mmHg) 76.5 ± 3.7 81. 5 ± 1.8 0.253 1.160 0.35

Pulse rate (bpm) 74.2 ± 2.9 72.3 ± 2.9 0.650 −0.457 0.14
Salivary amylase activity (KU/L) 28.8 ± 3.4 14.5 ± 1.9 0.000 *** −3.548 1.07

Data are expressed as the mean± standard error. t: The t-test statistic for a paired sample t-test; p: The p-value
(probability value) for the t-test statistic. *** was considered significant at p < 0.001 paired-sample t-test. The effect
size is reported by Cohen’s d.

Table 4. Effect of Rocky Leaf Prints on physiological indices.

Physiological Indices Pre-Test Post-Test p t Effect Size

Systolic blood pressure (mmHg) 130.4 ± 3.6 135.2 ± 3.7 0.361 0.922 0.27
Diastolic blood pressure (mmHg) 78.0 ± 2.2 79.3 ± 2.1 0.667 0.433 0.13

Pulse rate (bpm) 80.7 ± 2.8 75.3 ± 2.4 0.155 −1.446 0.43
Salivary amylase activity (KU/L) 58.0 ± 16.4 13.2 ± 2.6 0.012 * −2.636 0.78

Data are expressed as the mean± standard error. t: The t-test statistic for a paired sample t-test; p: The p-value
(probability value) for the t-test statistic. * was considered significant at p < 0.05 paired-sample t-test. The effect size
is reported by Cohen’s d.

Table 5. Effect of Herb Tasting and Smelling on physiological indices.

Physiological Indices Pre-Test Post-Test p t Effect Size

Systolic blood pressure (mmHg) 133.6 ± 4.0 137.0 ± 4.0 0.571 0.571 0.17
Diastolic blood pressure (mmHg) 81.9 ± 2.1 83.5 ± 2.2 0.605 0.521 0.16

Pulse rate (bpm) 75.8 ± 2.3 70.0 ± 2.0 0.075 −1.825 0.55
Salivary amylase activity (KU/L) 57.4 ± 13.3 18.0 ± 4.2 0.010 * −2.714 0.82

Data are expressed as the mean± standard error. t: The t-test statistic for a paired sample t-test; p: The p-value
(probability value) for the t-test statistic. * was considered significant at p < 0.05 paired-sample t-test. The effect size
is reported by Cohen’s d.

Table 6 showed the changes in LF/HF, SDNN, blood pressure, pulse rate, and SAA before and after
activity (the ratio of phase 4 to phase 1) for these activities. There was a downward trend in LF/HF,
pulse rate, and SAA (<1 indicates a decline) in these four horticultural activities. Their decreased level
was similar. Herb Tasting and Smelling and Rocky Leaf Prints decreased more, followed by Kokedama
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and Grass Doll. There was an upward trend in SDNN and blood pressure (>1 indicates an increase),
but there was no statistical difference between these activities.

Table 6. Effect of various types of horticultural activities on the changes of physiological indices.

Activities Types

Phase 4 / Phase 1

LF/HF z SDNN z
Blood Pressure

Pulse Rate SAA z
Systolic Diastolic

Baseline −
x 1.19 ± 0.42 a y 1.10 ± 0.24 a y 1.05 ± 0.16 a y 1.06 ± 0.13 a y 1.02 ± 0.08 a y 1.10 ± 0.31 a y

Grass Doll culture
technique 0.80 ± 0.44 bc 1.96 ± 3.52 a 1.02 ± 0.09 a 1.02 ± 0.06 a 0.95 ± 0.06 bc 0.79 ± 0.78 ab

Kokedama culture
technique 0.84 ± 0.41 b 1.45 ± 0.85 a 1.05 ± 0.15 a 1.48 ± 0.08 a 0.98 ± 0.08 b 0.56 ± 0.15 bc

Rocky Leaf
Prints artistic creation 0.58 ± 0.26 c 1.21 ± 0.38 a 1.04 ± 0.09 a 1.02 ± 0.09 a 0.94 ± 0.09 bc 0.50 ± 0.09 c

Herb Tasting
and Smelling food tasting 0.71 ± 0.32 bc 0.99 ± 0.28 a 1.03 ± 0.10 a 1.02 ± 0.05 a 0.92 ± 0.05 c 0.36 ± 0.10 c

z Low frequency (LF), high frequency (HF), the standard deviation of the NN intervals (SDNN), and salivary
amylase activity (SAA). y Means separation within columns followed by the different letter(s) are significantly
different at p < 0.05 by the least significant difference (LSD) test. Data are expressed as the mean± standard deviation.
x
−: There was nonhorticultural intervention.

The results of the changes in participants’ LF/HF and SDNN in the four phases for the four healthy
horticultural activities are shown in Figure 2. The results indicated that LF/HF was the highest during
the pretest (phase 1). The results showed a downward trend in phase 2, followed by a slight increase
in activity operations, and then a downward trend in the post-test (phase 4). The results for SDNN had
an upward trend during phase 3 to phase 4.
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frequency over high frequency (LF/HF) and the standard deviation of the NN intervals (SDNN). N = 27,
mean ± standard deviation.

3.2. Physiological Indices

The results for the POMS scores indicated improvement after the four healthy horticultural
activities. For the Grass Doll activity, four of the negative mood states of the POMS, “depression”,
“confusion”, “tension”, and “fatigue” significantly decreased (p < 0.05) from pretest to post-test (Table 7).
For the program of Kokedama, “anger” of the negative subscales of the POMS significantly decreased
(p < 0.05) and the “vigor” of the positive subscale of the POMS significantly increased (p < 0.01) from
pretest to post-test (Table 8). All the POMS scores indicated significant improvement for the activities of
Rocky Leaf Prints (Table 9) and Herb Tasting and Smelling (Table 10). Five of the negative mood states
of the POMS significantly decreased (p < 0.01) and the positive mood state of the POMS significantly
increased (p < 0.001) from pretest to post-test. Results for total mood disturbance (TMD) in POMS had
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a downward trend after the four healthy horticultural activities, Herb Tasting and Smelling and Rocky
Leaf Prints decreased more, followed by Kokedama and Grass Doll (Tables 7–10 and Figure 3).

Table 7. Effect of Grass Doll on Profile of Mood State (POMS).

Subscales Pre-Test Post-Test p t Effect Size

depression-dejection 15.8 ± 0.8 13.5 ± 0.9 0.049 * −2.024 0.58
confusion-bewilderment 12.4 ± 0.8 10.2 ± 0.7 0.046 * −2.054 0.59

tension-anxiety 13.7 ± 1.0 11.0 ± 0.8 0.043 * −2.077 0.60
anger-hostility 14.8 ± 1.1 12.3 ± 0.9 0.051 −1.750 0.51
fatigue-inertia 11.3 ± 0.9 9.3 ± 0.8 0.004 ** −2.978 0.51
vigor-activity 22.3 ± 0.8 23.0 ± 1.0 0.528 0.635 0.18

Total Mood Disturbance 45.8 ± 4.4 33.2 ± 4.3 0.046 * −2.046 0.59

Data are expressed as the mean ± standard error. t: The t-test statistic for a paired sample t-test; p: The p-value
(probability value) for the t-test statistic. * was considered significant at p < 0.05; ** was considered significant at
p < 0.01 paired-sample t-test. The effect size is reported by Cohen’s d.

Table 8. Effect of Kokedama on Profile of Mood State (POMS).

Subscales Pre-Test Post-Test p t Effect Size

depression-dejection 16.0 ± 1.2 13.4 ± 0.9 0.083 −1.773 0.53
confusion-bewilderment 12.0 ± 0.7 10.3 ± 0.8 0.135 −1.522 0.46

tension-anxiety 13.3 ± 1.0 11.2 ± 0.9 0.138 −1.513 0.46
anger-hostility 14.6 ± 1.1 11.8 ± 0.8 0.049 * −2.020 0.61
fatigue-inertia 11.0 ± 0.9 9.0 ± 0.7 0.098 −1.691 0.51
vigor-activity 21.0 ± 0.7 24.5 ± 0.7 0.001 ** 3.492 1.05

Total Mood Disturbance 45.7 ± 4.9 31.3 ± 4.5 0.035 * −2.176 0.66

Data are expressed as the mean ± standard error. t: The t-test statistic for a paired sample t-test; p: The p-value
(probability value) for the t-test statistic. * was considered significant at p < 0.05; ** was considered significant at
p < 0.01 paired-sample t-test. The effect size is reported by Cohen’s d.

Table 9. Effect of Rocky Leaf Prints on Profile of Mood State (POMS).

Subscales Pre-Test Post-Test p t Effect Size

depression-dejection 16.0 ± 1.1 12.6 ± 0.8 0.017 * −2.484 0.73
confusion-bewilderment 11.4 ± 0.7 8.7 ± 0.6 0.004 ** −3.070 0.91

tension-anxiety 13.2 ± 0.9 9.2 ± 0.6 0.000 *** −3.786 1.12
anger-hostility 14.7 ± 0.9 9.3 ± 0.5 0.000 *** −5.275 1.56
fatigue-inertia 11.5 ± 0.6 7.6 ± 0.5 0.000 *** −5.127 1.51
vigor-activity 21.2 ± 0.5 26.4 ± 0.5 0.000 *** 7.212 2.13

Total Mood Disturbance 45.6 ± 4.1 20.9 ± 3.2 0.000 *** −4.763 1.40

Data are expressed as the mean± standard error. t: The t-test statistic for a paired sample t-test; p: The p-value
(probability value) for the t-test statistic. * was considered significant at p < 0.05; ** was considered significant at
p < 0.01; *** was considered significant at p < 0.001 for paired-sample t-test. The effect size is reported by Cohen’s d.

Table 10. Effect of Herb Tasting and Smelling on Profile of Mood State (POMS).

Subscales Pre-Test Post-Test p t Effect Size

depression-dejection 19.3 ± 1.8 12.7 ± 0.8 0.002 ** −3.382 1.02
confusion-bewilderment 11.6 ± 0.6 8.9 ± 0.6 0.004 ** −3.091 0.93

tension-anxiety 12.9 ± 0.6 8.6 ± 0.5 0.000 *** −5.403 1.63
anger-hostility 14.9 ± 0.8 9.6 ± 0.6 0.000 *** −5.016 1.51
fatigue-inertia 11.2 ± 0.6 7.1 ± 0.5 0.000 *** −5.073 1.53
vigor-activity 20.7 ± 0.8 26.0 ± 0.5 0.000 *** 5.650 1.70

Total Mood Disturbance 49.2 ± 4.2 21.0 ± 2.8 0.000 *** −5.580 1.68

Data are expressed as the mean± standard error. t: The t-test statistic for a paired sample t-test; p: The p-value
(probability value) for the t-test statistic. ** was considered significant at p < 0.01; *** was considered significant at
p < 0.001 paired-sample t-test. The effect size is reported by Cohen’s d.
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4. Discussion

This study compared the physiological and psychological responses to the types of horticultural
activities among elderly individuals. Pulse rate and SAA were determined to be lower after every
activity. Previous studies indicated that when the mood is relaxed, the pulse rate is decreased [34,42].
SAA represented the current state of mental stress and physical fatigue because these measurement
values decrease when a person is relaxed [40,48,50]. Considering this, the four horticultural activities in
this study had a relaxing effect on the elderly. Moreover, previous studies showed that blood pressure
is significantly lower in the horticultural therapy program [27,51]. However, systolic and diastolic
blood pressure were not significantly lower after every activity in this study. It might be that previous
studies were mostly long-term programs which could explain the tendency for the blood pressure
to decrease [16,27,51]. This study mainly focused on relatively short-term activities, so there was no
significant decrease in blood pressure. The results of Table 6 showed that the effects of five activities
on the changes of physiological indices, the four horticultural activities’ SAA, pulse rate, and LF/HF
decreased significantly. It showed that it was relaxable and pressure relievable. Previous studies
indicated that SAA, pulse rate, and LF/HF can represent immediate emotion and pressure [38,40].
This is the reason why SAA, pulse rate, and LF/HF are used for the level of pressure relieving of
short-term horticultural activities, which is consistent with the findings of previous studies [33,34,50].
Considering the changes in SAA, pulse rate, and LF/HF in this study, we found that Rocky Leaf Prints
(artistic creation) and Herb Tasting and Smelling (food tasting) were better to relieve the stress and
anxiety of the elderly.

HRV measurements have also been used to evaluate emotional and health-related physiological
effects [33,37,39,52]. The ratio of LF/HF can be used to represent the change of sympathetic and
parasympathetic nerves. When the ratio of LF/HF decreases, it indicates physiological relaxation [33,52].
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Higher SDNN reflect a lower mental effort [53]. In our study, LF/HF decreased and SDNN increased
after participating in the four horticultural activities. The ECG was worn throughout this study, so we
interpreted the changes in LF/HF and SDNN in the four phases (pretest, activity content explanation,
healthy horticultural activity, and post-test) of the activity. During the process of these four horticultural
activities, there was a downward trend in phase 2. This means that it was more relaxable. Perhaps
the reason is related to the instructors’ teaching styles. Some studies indicated that students’ learning
outcomes [54] and learning anxiety [55] were related the instructors’ teaching styles. To avoid the error
of experiment caused by instructors, the same instructor was used in these four activities. The instructor
explains the activities in such a way that testers pay attention and listen carefully. This made them
calm down, which caused relaxable effects. In phase 3, due to the activities, there was an upward trend
of LF/HF and SDNN. After joining four different types of horticultural activities, compared to the
pretest, the downward range of LF/HF was caused by different effects of four activities. Observing the
emotional and physiological changes of the elderly during the horticultural activities can be used as a
plan for future activities for the elderly.

Previous studies showed that horticultural activities had mental benefits for the elderly [13,16,33,42],
which is consistent with our findings. The POMS questionnaire indicated that the negative mood
states were significantly lower after the four horticultural activities. Additionally, the positive mood
state of vigor was significantly higher, and the total mood disturbance decreased significantly after the
horticultural activities, except for Grass Doll. Therefore, we concluded that the types and materials of
horticultural activities (with plants or without plants) affect the mental state of the elderly.

Regarding the changes in pulse rate, SAA, LF/HF, and POMS in this study, we found that
artistic creation-type (Rocky Leaf Prints) and food tasting-type (Herb Tasting and Smelling) showed
better effects in these activities. Maybe this is because they are able to create freely and experience
immediately making their effects better. In addition, culture technique-type was better than the control
group. However, the effects were less than types of artistic creation and food tasting. This is due
to the long-term effects of the culture technique-type, such as taking care of plants and observing
seed germination and the growth of plants. Previous studies were mostly in the plan of long-term
horticultural activities [16,18,24,27], so there was a benefit in their studies about culture technique-type.

In the culture technique-type, Kokedama had a more relaxing effect than the Grass Doll. According
to previous studies, contact with plants is more relaxing than contact without plants [33,49,56,57],
which is the same as this study. Kokedama involved contact with plants during the operation,
which may be the reason the effect was immediate. The Grass Doll was a sowing activity; therefore,
its main benefit was in the follow-up observation of seed germination and continued activities.
We concluded that for short-term horticultural activities, we can arrange the artistic creation and food
tasting types to have as much contact with plants as possible.

Many studies proved that horticultural activities increase happiness and also improve physical
and psychological status [8,18,25,26]. However, fewer studies discussed the benefits of different
types of horticultural activities. Therefore, this study researched the effects of different types of
horticultural activities. Hopefully, it can be used as the planning of the horticultural activities in the
future. Horticultural activities are not only convenient in operating but also in material gathering.
Besides, compared to forest healing [34], area limits do not exist. Activities can be conducted in senior
citizens learning camp and long-term care facilities in cities. Nevertheless, there were still some limits.
Firstly, the same instructor was used in these four horticultural activities. Besides, it is required for
the instructors to be trained so that they are skillful, since the teaching style affects the effect. Second,
the POMS scale had many questions and took a long time to answer since the object of this study was
elders. Hopefully, a simplified and reliable scale can be obtained to evaluate the effects of activities
for elders. Third, in evaluating physical and psychological status, we did not observe significant
changes in the blood pressure and SDNN. Previous studies are mainly about the discussion about the
effects of joining long-term horticultural activities [16,24,27]. Therefore, blood pressure can be used
as the assessment of long-term horticultural activities; however, it was unable to indicate the results
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immediately. Besides, this study can evaluate the items of effects on short-term activities. SAA, LF/HF,
pulse rate, and POMS are included. Hopefully, we can understand how different types of horticultural
activities benefit each age range by using this method and promote learning effects through different
types of planning about horticultural activities. This can be used for activity planning in the future,
achieving the benefits of healing and pressure relieving while also promoting social well-being.

5. Conclusions

This study measured the pulse rate, SAA, HRV, and POMS scales to understand the effects of
horticultural activities, as well as the benefits of three types of horticultural activities, culture techniques,
artistic creation, and food tasting, for the elderly. The results showed that joining horticultural activities
were better than baseline. Besides, artistic creation and food tasting types were better than culture
techniques in horticultural activities. Additionally, in short-term horticultural activities, the benefits of
activities in contact with plants were immediate. We hope that this study can help plan the horticultural
activities of the elderly, which can improve well-being and help achieve active aging.

Author Contributions: P.-C.T. contributed to the experimental design, data acquisition, statistical analysis,
and manuscript preparation. W.-C.C. contributed to preparing the study site, coordination of the study
site, and interpretation of results. P.-C.H. contributed to perform the experiments and data acquisition.
Y.-S.C. contributed to preparing the experimental design and the interpretation of results. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: This work was supported by the Ministry of Science and Technology of Taiwan under
the project “The alliance of healthy horticultural research and development promotion for senior citizens”
(107-2622-8-002 -016 -TS1). This article was subsidized by Ministry of Science and Technology and National
Taiwan University (NTU), Taiwan.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Ministry of Health and Welfare. 2019 Taiwan Health and Welfare Report; Ministry of Health and Welfare: Taipei,
Taiwan, 2020; p. 134.

2. Ministry of Health and Welfare. Population Policy White Paper Implementation and Strategy; Ministry of Health
and Welfare: Taipei, Taiwan, 2015.

3. Chen, Y.M.; Ji, J.Y. Effects of horticultural therapy on psychosocial health in older nursing home residents:
A preliminary study. J. Nurs. Res. 2015, 23, 167–171. [CrossRef] [PubMed]

4. Han, A.R.; Park, S.A.; Ahn, B.E. Reduced stress and improved physical functional ability in elderly with
mental health problems following a horticultural therapy program. Complement. Ther. Med. 2018, 38, 19–23.
[CrossRef] [PubMed]

5. Tse, M.M.Y. Therapeutic effects of an indoor gardening programme for older people living in nursing homes.
J. Clin. Nurs. 2010, 19, 949–958. [CrossRef]

6. Makizako, H.; Tsutsumimoto, K.; Doi, T.; Makino, K.; Nakakubo, S.; Liu-Ambrose, T.; Shimada, H. Exercise
and horticultural programs for older adults with depressive symptoms and memory problems: A randomized
controlled trial. J. Clin. Med. 2020, 9, 99. [CrossRef]

7. Barnicle, T.; Midden, K.S. The Effects of a horticulture activity program on the psychological well-being of
older people in a long-term care facility. HortTechnology 2003, 13, 81–85. [CrossRef]

8. Hawkins, J.L.; Mercer, J.; Thirlaway, K.J.; Clayton, D.A. “Doing” gardening and “being” at the allotment site:
Exploring the benefits of allotment gardening for stress reduction and healthy aging. Ecopsychology 2013, 5,
110–125. [CrossRef]

9. Jarrott, S.E.; Kwack, H.R.; Relf, D. An observational assessment of a dementia-specific horticultural therapy
program. HortTechnology 2002, 12, 403–410. [CrossRef]

10. Detweiler, M.B.; Sharma, T.; Detweiler, J.G.; Murphy, P.F.; Lane, S.; Carman, J.; Chudhary, S.A.; Halling, H.M.;
Kim, Y.K. What is the evidence to support the use of therapeutic gardens for the elderly? Psychiatry Investig.
2012, 9, 100–110. [CrossRef]

http://dx.doi.org/10.1097/jnr.0000000000000063
http://www.ncbi.nlm.nih.gov/pubmed/25534575
http://dx.doi.org/10.1016/j.ctim.2018.03.011
http://www.ncbi.nlm.nih.gov/pubmed/29857876
http://dx.doi.org/10.1111/j.1365-2702.2009.02803.x
http://dx.doi.org/10.3390/jcm9010099
http://dx.doi.org/10.21273/HORTTECH.13.1.0081
http://dx.doi.org/10.1089/eco.2012.0084
http://dx.doi.org/10.21273/HORTTECH.12.3.403
http://dx.doi.org/10.4306/pi.2012.9.2.100


Int. J. Environ. Res. Public Health 2020, 17, 5225 11 of 13

11. Ferrini, F. Horticultural therapy and its effect on people’s health. Adv. Hort. Sci. 2003, 17, 77–87.
12. Frumkin, H.; Bratman, G.N.; Breslow, S.J.; Cochran, B.; Kahn, P.H.; Lawler, J.J.; Levin, P.S.; Tandon, P.S.;

Varanasi, U.; Wolf, K.L.; et al. Nature contact and human health: A research agenda. Environ. Health Perspect.
2017, 125, 075001. [CrossRef]

13. Heliker, D.; Chadwick, A.; O’Connell, T. The meaning of gardening and the effects on perceived well-being
of a gardening project on diverse population of elders. Act. Adapt. Aging 2000, 24, 35–56. [CrossRef]

14. Shoemaker, C.A.; Lin, M. A model for healthy aging with horticulture. Acta Hortic. 2008, 775, 93–98.
[CrossRef]

15. Siu, A.M.H.; Kam, M.; Mok, I. Horticultural therapy program for people with mental illness: A mixed-method
evaluation. Int. J. Environ. Res. Public Health 2020, 17, 711. [CrossRef] [PubMed]

16. Yao, Y.F.; Chen, K.M. Effects of horticulture therapy on nursing home older adults in southern Taiwan.
Qual. Life Res. 2017, 26, 1007–1014. [CrossRef] [PubMed]

17. Chan, H.Y.; HO, R.C.M.; Mahendran, R.; Ng, K.S.; Tam, W.W.S.; Rawtaer, I.; Tan, C.H.; Larbi, A.; Feng, L.;
Sia, A.; et al. Effects of horticultural therapy on elderly’ health: Protocol of a randomized controlled trial.
BMC Geriatr. 2017, 17, 192–201. [CrossRef]

18. Chu, H.Y.; Chen, M.F.; Tsaic, C.C.; Chand, H.S.; Wu, T.L. Efficacy of a horticultural activity program for
reducing depression and loneliness in older residents of nursing homes in Taiwan. Geriatr. Nurs. 2019, 23,
386–391. [CrossRef]

19. Rowinski, R.; Dabrowski, A.; Kostka, T. Gardening as the dominant leisure time physical activity (LTPA) of
older adults from a post-communist country. The results of the population-based PolSenior Project from
Poland. Arch. Gerontol. Geriatr. 2015, 60, 486–491. [CrossRef]

20. Ashe, M.C.; Miller, W.C.; Eng, J.J.; Noreau, L. Older adults, chronic disease and leisure-time physical activity.
Gerontology 2009, 55, 64–72. [CrossRef]

21. Park, S.A.; Lee, G.J.; Kim, D.S.; Kim, W.S.; Shoemaker, C.A.; Son, K.C. Horticultural activity interventions
and outcomes: A review. Korean Soc. Hort. Sci. 2016, 34, 513–527. [CrossRef]

22. Levi, J.; Segal, L.M.; Juliano, C. Prevention for a Healthier America: Investments in Disease Prevention Yield
Significant Savings, Stronger Communities; Trust for America’s Health, TFAH. Press: Oakland, CA, USA, 2008;
pp. 3–5.

23. Ministry of Health and Welfare. 2018 Statistics of National Health Expenditure (NHE) in Taiwan. Available
online: https://dep.mohw.gov.tw/DOS/cp-2156-51120-113.html (accessed on 13 March 2020).

24. Kim, K.H.; Park, S.A. Horticultural therapy program for middle-aged women’s depression, anxiety,
and self-identify. Complement. Ther. Med. 2018, 39, 154–159. [CrossRef]

25. Gagliardi, C.; Piccinini, F. The use of nature-based activities for the well-being of older people: An integrative
literature review. Arch. Gerontol. Geriat. 2019, 83, 315–327. [CrossRef] [PubMed]

26. Bassi, M.; Rassiga, C.; Fumagalli, N.; Senes, G. Quality of experience during horticultural activities:
An experience sampling pilot study among older adults living in a nursing home. Geriatr. Nurs. 2018, 39,
457–464. [CrossRef] [PubMed]

27. Park, S.A.; Lee, A.Y.; Park, H.G.; Son, K.C.; Kim, D.S.; Lee, W.L. Gardening intervention as a low- to
moderate-intensity physical activity for improving blood lipid profiles, blood pressure, inflammation,
and oxidative stress in women over the age of 70: A pilot study. HortScience 2017, 52, 200–205. [CrossRef]

28. Lee, M.J.; Oh, W.; Jang, J.S.; Lee, J.Y. A pilot study: Horticulture-related activities significantly reduce stress
levels and salivary cortisol concentration of maladjusted elementary school children. Complement. Ther. Med.
2018, 37, 172–177. [CrossRef]

29. Ramachandran, G.; Adgate, J.L.; Banerjee, S.; Church, T.R.; Jones, D.; Fredrickson, A.; Sexton, K. Indoor
Air Quality in Two Urban Elementary Schools-Measurements of Airborne Fungi, Carpet Allergens, CO2,
Temperature, and Relative Humidity. J. Occup. Environ. Hyg. 2005, 2, 553–566. [CrossRef]

30. Salthammer, T.; Uhde, E.; Schrippa, T.; Schieweck, A.; Morawska, L.; Mazaheri, M.; Clifford, S.; He, C.;
Buonanno, G.; Querol, X.; et al. Children’s well-being at schools: Impact of climatic conditions and air
pollution. Environ. Int. 2016, 94, 196–210. [CrossRef] [PubMed]

31. Satish, U.; Mendell, M.J.; Shekhar, K.; Hotchi, T.; Sullivan, D.; Streufert, S.; Fisk, W.J. Is CO2 an Indoor
Pollutant? Direct Effects of Low-to-Moderate CO2 Concentrations on Human Decision-Making Performance.
Environ. Health Perspect. 2012, 120, 1671–1677. [CrossRef]

http://dx.doi.org/10.1289/EHP1663
http://dx.doi.org/10.1300/J016v24n03_03
http://dx.doi.org/10.17660/ActaHortic.2008.775.10
http://dx.doi.org/10.3390/ijerph17030711
http://www.ncbi.nlm.nih.gov/pubmed/31979057
http://dx.doi.org/10.1007/s11136-016-1425-0
http://www.ncbi.nlm.nih.gov/pubmed/27696109
http://dx.doi.org/10.1186/s12877-017-0588-z
http://dx.doi.org/10.1016/j.gerinurse.2018.12.012
http://dx.doi.org/10.1016/j.archger.2015.01.011
http://dx.doi.org/10.1159/000141518
http://dx.doi.org/10.12972/kjhst.20160053
https://dep.mohw.gov.tw/DOS/cp-2156-51120-113.html
http://dx.doi.org/10.1016/j.ctim.2018.06.008
http://dx.doi.org/10.1016/j.archger.2019.05.012
http://www.ncbi.nlm.nih.gov/pubmed/31128876
http://dx.doi.org/10.1016/j.gerinurse.2018.01.002
http://www.ncbi.nlm.nih.gov/pubmed/29449034
http://dx.doi.org/10.21273/HORTSCI11232-16
http://dx.doi.org/10.1016/j.ctim.2018.01.004
http://dx.doi.org/10.1080/15459620500324453
http://dx.doi.org/10.1016/j.envint.2016.05.009
http://www.ncbi.nlm.nih.gov/pubmed/27258661
http://dx.doi.org/10.1289/ehp.1104789


Int. J. Environ. Res. Public Health 2020, 17, 5225 12 of 13

32. Turanjanin, V.; Vucicevic, B.; Jovanovic, M.; Mirkov, N.; Lazovi, I. Indoor CO2 measurements in Serbian
schools and ventilation rate calculation. Energy 2014, 77, 290–296. [CrossRef]

33. Park, S.A.; Song, C.; Oh, Y.A.; Miyazaki, Y.; Son, K. Comparison of physiological and psychological relaxation
using measurements of heart rate variability, prefrontal cortex activity, and subjective indexes after completing
tasks with and without foliage plants. Int. J. Environ. Res. Public Health 2017, 14, 1087. [CrossRef]

34. Yu, C.P.; Lin, C.M.; Tsai, M.J.; Tsai, Y.C.; Che, C.Y. Effects of short forest bathing program on autonomic
nervous system activity and mood states in middle-aged and elderly individuals. Int. J. Environ. Res.
Public Health 2017, 14, 897. [CrossRef]

35. Punita, P.; Saranya, K.; Chandrasekar, M.; Kuma, S.S. Gender difference in heart rate variability in medical
students and association with the level of stress. Natl. J. Physiol. Pharm. Pharmacol. 2016, 6, 431–437.
[CrossRef]

36. Kim, H.G.; Cheon, E.J.; Bai, D.S.; Lee, Y.H.; Koo, B.H. Stress and heart rate variability: A meta-analysis and
review of the literature. Psychiatry Investig. 2018, 15, 235–245. [CrossRef] [PubMed]

37. Thayer, J.F.; Ahs, F.; Fredriksonc, M.; Sollers, J.J., III; Wagere, T.D. A meta-analysis of heart rate variability
and neuroimaging studies: Implications for heart rate variability as a marker of stress and health.
Neurosci. Biobehav. Rev. 2012, 36, 747–756. [CrossRef]

38. Lee, Y.H.; Tseng, H.W.; Liao, Y.D.; Lin, T.W.; Chen, Y.L.; Ho, Y.S. Study on environmental parameters and
wearing electrocardiogram. Sens. Mater. 2019, 31, 993–1006. [CrossRef]

39. Hernando, D.; Roca, S.; Sancho, J.; Alesanco, A.; Bailón, R. Validation of the Apple Watch for Heart Rate
Variability Measurements during Relax and Mental Stress in Healthy Subjects. Sensors 2018, 18, 2619.
[CrossRef]

40. Yamaguchi, M.; Deguchi, M.; Wakasugi, J.; Onoa, S.; Takai, N.; Higashi, T.; Mizunoc, Y. Hand-held monitor of
sympathetic nervous system using salivary amylase activity and its validation by driver fatigue assessment.
Biosens. Bioelectron. 2006, 21, 1007–1014. [CrossRef]

41. Hayashi, N.; Wada, T.; Hirai, H.; Miyake, T.; Matsuura, Y.; Shimizu, N.; Kurooka, H.; Horiuchi, S. The effects
of horticultural activity in a community garden on mood changes. Environ. Control. Biol. 2008, 46, 233–240.
[CrossRef]

42. Wichrowski, M.; Whiteson, J.; Haas, F.; Mola, A.; Rey, M.J. Effects of horticultural therapy on mood and
heart rate in patients participating in an inpatient cardiopulmonary rehabilitation program. J. Cardiopulm.
Rehabil. Prev. 2005, 25, 270–274. [CrossRef] [PubMed]

43. Ross, M.J.; Guthrie, P.; Dumont, J.C. The impact of modulated, colored light on the autonomic nervous
system. Adv. Mind Body Med. 2013, 27, 7–16. [PubMed]

44. Sommerfeld, A.; Waliczek, T.; Zajicek, J.M. Growing minds: Evaluating the effect of gardening on quality of
life and physical activity level of older adults. HortTechnology 2010, 20, 705–710. [CrossRef]

45. Zadworna, M. Healthy aging and the University of the Third Age-Health behavior and subjective health
outcomes in older adults. Arch. Gerontol. Geriatr. 2020, 90, 104126. [CrossRef] [PubMed]

46. Ministry of Education (MOE), Taiwan. Senior Learning. Available online: https://moe.senioredu.moe.gov.
tw/Home/EnglishLearning (accessed on 19 June 2020).

47. Ministry of Health and Welfare. Report of the Senior Citizen Condition Survey 2017; Ministry of Health and
Welfare: Taipei, Taiwan, 2018; p. 59.

48. Noto, Y.; Sato, T.; Kudo, M.; Kurata, K.; Hirota, K. The relationship between salivary biomarkers and
state-trait anxiety inventory score under mental arithmetic stress: A pilot study. Anesth. Analg. 2005, 101,
1873–1876. [CrossRef] [PubMed]

49. Johnson, D.L.; Lynch, R.A.; Floyd, E.L.; Wang, J.; Bartels, J.N. Indoor air quality in classrooms: Environmental
measures and effective ventilation rate modeling in urban elementary schools. Build. Environ. 2018, 136,
185–197. [CrossRef]

50. Sawada, A.; Oyabu, T. Healing effects of foliage plants using physiological and psychological characteristics.
Sens. Mater. 2010, 22, 387–396. [CrossRef]

51. Thompson, R. Gardening for health: A regular dose of gardening. Clin. Med. 2018, 18, 201–205. [CrossRef]
52. Chen, J.J.; Liu, L.F.; Wang, J.S.; Chang, T.T. A pilot study exploring the relationship between short-term

HRV and self-rated health status among elderly people. Arch. Community Med. Public Health 2017, 3, 1–7.
[CrossRef]

http://dx.doi.org/10.1016/j.energy.2014.10.028
http://dx.doi.org/10.3390/ijerph14091087
http://dx.doi.org/10.3390/ijerph14080897
http://dx.doi.org/10.5455/njppp.2016.6.0102325042016
http://dx.doi.org/10.30773/pi.2017.08.17
http://www.ncbi.nlm.nih.gov/pubmed/29486547
http://dx.doi.org/10.1016/j.neubiorev.2011.11.009
http://dx.doi.org/10.18494/SAM.2019.2223
http://dx.doi.org/10.3390/s18082619
http://dx.doi.org/10.1016/j.bios.2005.03.014
http://dx.doi.org/10.2525/ecb.46.233
http://dx.doi.org/10.1097/00008483-200509000-00008
http://www.ncbi.nlm.nih.gov/pubmed/16217230
http://www.ncbi.nlm.nih.gov/pubmed/24067320
http://dx.doi.org/10.21273/HORTTECH.20.4.705
http://dx.doi.org/10.1016/j.archger.2020.104126
http://www.ncbi.nlm.nih.gov/pubmed/32512462
https://moe.senioredu.moe.gov.tw/Home/EnglishLearning
https://moe.senioredu.moe.gov.tw/Home/EnglishLearning
http://dx.doi.org/10.1213/01.ANE.0000184196.60838.8D
http://www.ncbi.nlm.nih.gov/pubmed/16301277
http://dx.doi.org/10.1016/j.buildenv.2018.03.040
http://dx.doi.org/10.18494/SAM.2010.679
http://dx.doi.org/10.7861/clinmedicine.18-3-201
http://dx.doi.org/10.17352/2455-5479.000018


Int. J. Environ. Res. Public Health 2020, 17, 5225 13 of 13

53. Moore, L.J.; Wilson, M.R.; McGrath, J.S.; Waine, E.; Masters, R.S.W.; Vine, S.J. Surgeons’ display reduced mental
effort and workload while performing robotically assisted surgical tasks, when compared to conventional
laparoscopy. Surg. Endosc. 2015, 29, 2553–2560. [CrossRef]

54. Papanagnou, D.; Serrano, A.; Barkley, K.; Chandra, S.; Governatori, N.; Piela, N.; Wanner, G.K.; Shin, R.
Does tailoring instructional style to a medical student’s self-perceived learning style improve performance
when teaching intravenous catheter placement? A randomized controlled study. BMC Med. Educ. 2016, 16, 205.
[CrossRef]

55. Van der Sandt, S.; O’Brien, S. Impact of instructor teaching style and content course on mathematics anxiety
of preservice teachers. J. Technol. Educ. 2017, 29, 95–111. [CrossRef]

56. Igarashi, M.; Aga, M.; Ikei, H.; Namekawa, T.; Miyazaki, Y. Physiological and psychological effects on high
school students of viewing real and artificial pansies. Int. J. Environ. Res. Public Health 2015, 12, 2521–2531.
[CrossRef]

57. Ikei, H.; Song, C.; Igarashi, M.; Namekawa, T.; Miyazaki, Y. Physiological and psychological relaxing effects
of visual stimulation with foliage plants in high school students. Adv. Hort. Sci. 2014, 28, 111–116.

© 2020 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
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1007/s00464-014-3967-y
http://dx.doi.org/10.1186/s12909-016-0720-3
http://dx.doi.org/10.21061/jte.v29i1.a.5
http://dx.doi.org/10.3390/ijerph120302521
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Participants 
	Healthy Horticultural Program 
	Physiological Indices 
	Psychological Indices 
	Environment Indices 
	Statistical Analysis 

	Results 
	Psychological Indices 
	Physiological Indices 

	Discussion 
	Conclusions 
	References

