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Abstract: Since indoor, sedentary lifestyles became prevalent in society, humans have lost a sustain-
able connection to nature. An intervention utilizing outdoor horticultural activities could address
such a challenge, but their beneficial effects on the brain and emotions have not been characterized
in a quantitative approach. We aimed to investigate brain activity and emotional changes in adults
in their 20s during horticultural activity to confirm feasibility of horticultural activity to improve
cognitive and emotional states. Sixty university students participated in 11 outdoor horticultural
activities at 2-min intervals. We measured brain waves of participants’ prefrontal cortex using
a wireless electroencephalography device while performing horticultural activities. Between ac-
tivities, we evaluated emotional states of participants using questionnaires. Results showed that
each horticultural activity showed promotion of brain activity and emotional changes at varying
degrees. The participants during physically intensive horticultural activities—digging, raking, and
pruning—showed the highest attention level. For emotional states, the participants showed the
highest fatigue, tension, and vigor during digging and raking. Plant-based activities—harvesting and
transplanting plants—made participants feel natural and relaxed the most. Therefore, this pilot study
confirmed the possibility of horticultural activity as a short-term physical intervention to improve
attention levels and emotional stability in adults.

Keywords: gardening; horticultural therapy; nature exposure; physical activity; wearable device

1. Introduction

People in modern life spend most of their time in indoor environments supported by
the statistics showing 95% of individual’s activities take place indoors [1]. The sedentary
lifestyle and the lack of physical activity in modern society due to urbanization and high-
tech development is a universal trend worldwide [2,3]. In addition, due to the recent
global COVID-19 pandemic, home isolation, and social distancing, the time spent indoors
is increasing and the sedentary lifestyle is spreading more worldwide [4].

By definition, sedentary behavior features being in an awake state, doing activities
in sitting, reclining, or lying positions. The average energy expenditure during sedentary
behavior is <1.5 of the metabolic equivalent of task (MET) [5]. Adults in the US and Canada
spent about 9–11 h (55–70% of waking hours) in sedentary life [6,7], and those in Korea,
about 8 h [8], challenging individuals to take part in necessary physical activity. More
than 28% of the world’s adults aged 18 and over do not meet the recommended amount of
physical activity [9].

This sedentary lifestyle and the lack of physical activity leads to negative health
outcomes, including not only deterioration of physical health, the onset of chronic diseases
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(e.g., type 2 diabetes, metabolic syndrome, cardiovascular disease), but also deterioration
of emotional and cognitive health [2,3]. In particular, a number of stress factors in daily
life caused by sedentary behavior could worsen depression, drinking and smoking habits,
social isolation, and sleep disturbance, which can eventually lead to attention deficit and
cognitive impairment [10,11].

Meanwhile, regular connection of humans with nature has a positive effect on overall
wellbeing [12] as nature could serve as a vital health resource [13]. Three key theories
(Biophilia hypothesis, Attention restoration theory, and Psycho-evolutionary stress re-
duction theory) exist and emphasize the restorative effects of the natural environment
on human health, accounting for the human relationship with nature [14–16]. Previous
studies reported several merits of being connected to nature. Examples are improvements
in physical (reductions in blood pressure, body weight, or cholesterol, and increases in
physical function, balance, etc.), emotional (relief of stress, changes to positive mood,
inhibition of impulse, and increases in self-esteem), and cognitive (increases in attention
and memory) functions of humans [17,18]. Furthermore, sustainability is the process of
conserving and protecting natural resources and ecosystems to support human health and
wellbeing, now and in the future [19,20]. It was emphasized that reconnecting humans
with nature could bring about the recovery of cognitive functions, leading to enhancement
of sustainability [19].

Horticultural activities (HA) allow for dynamic interactions with natural objects.
While HA enable active participation and involvement with nature [21], they also serve as
aerobic physical activities that require low-to-high energy expenditure with a wide range of
muscles from the entire body [22,23]. For this reason, when employed as physical activities,
HA are reported to provide physical, emotional, and cognitive health benefits [18,24].
Thus, as “green exercise”, HA can connect humans with nature, helping to improve the
health or wellbeing of individuals while playing a role as preventative measures to the
sedentary lifestyle or the lack of exercise. Park et al. [24] investigated the effects of HA on
cognitive health when implemented as physical activities. They found increased activities
in serotonin and tryptophan biosynthesis metabolisms, meaning feelings of happiness
of the participants in a HA program, which led to significant increases in brain-derived
neurotrophic factor (BDNF) levels, meaning improved memory function [24]. Studies
also showed that the visual stimulation by green plants provides emotional stability
and relaxation, such as decreased blood flow in the prefrontal lobe and stabilized the
autonomic nervous system in the study participants [25]. Furthermore, various clinical
studies showed that improvement in attention and emotional health could be achieved
through HA programs using questionnaire-based approaches [26,27]. Nonetheless, these
studies could not explain what the basis of such beneficial effects from HAs was. Until
recent years, HA professionals and related practitioners alike have assumed that HAs can
be utilized to improve attention and emotional health, but it has not been firmly rooted on
a scientific basis, the gap in the knowledge. Thus, in order to close the gap, we collected
quantitative and objective data on changes in attention and emotional states during HAs.

Electroencephalography (EEG) is a non-invasive wearable-device for electrical activity,
monitoring the macroscopic activity at the surface layer of the brain [28]. Collection and
analysis techniques of neurological and physiological data by EEG are widely used not
only in clinical medicine, but also neuroscience, cognitive science, cognitive psychology,
and psychophysiological research [29]. EEG bands of alpha, beta, gamma, and theta waves
are used in analyzing various psychophysiological states of the participants. With recent
advances in analytic techniques, secondary parameter estimates of the EEG waves, e.g.,
power spectrum analysis, have allowed for an in-depth examination of the attention states
of the participants [29]. In addition, Kim et al.’s studies reported that HA can create
greater positive changes, like greater activation of brain activity, attention, recovery in
emotions, etc., compared with other recreational activities using EEG [30,31]. However,
characterization of each HA on brain activity or emotional health of individuals has
not been conducted yet. Therefore, the research question we posed was: what are the
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characteristics and changes in attention and emotional states while participating in various
HAs? To assess feasibility of this, we designed the present pilot study to identify attention
and emotional state during various HA tasks by examining the electroencephalography
(EEG) of the participants.

2. Materials and Methods
2.1. Participants

We recruited a total of 60 university students in their 20s (male 30, female 30; average
age: 24.97 ± 2.62 years) (Table 1). For recruitment, we posted a flier about the research on
the university homepage online. Only individuals who are right-hand dominant were se-
lected because hand gestures between the dominant and nondominant hands differ during
cortical activity [32]. The selected individuals were requested to provide a consent form
before volunteering for the study. The participants were asked to fast for 2 h before the ex-
periment because caffeine or any other kind of oral stimulants can affect brain activity [33].
Once they came to an experimental garden at Konkuk University, they were also asked to
complete a demographic questionnaire including age, gender, and body composition. We
profiled their body composition—height (Ok7979; Samhwa, Seoul, Korea), body weight,
and body mass index (BMI) (ioi 353; Jawon Medical, Gyeongsan, Korea). Upon completion
of the study, the participants were provided $20 as a reward. The Institutional Review
Board of Konkuk University approved this study (7001355-201809-HR-268).

Table 1. Demographic information of participants who participated in this study.

Variable
Male (n = 30) Female (n = 30) Total (n = 60)

Significance a

M ± SD

Age (years) 25.53 ± 2.49 24.40 ± 2.67 24.97 ± 2.62 NS

Height (cm) b 175.70 ± 6.01 160.39 ± 5.69 168.17 ± 9.66 0.000 ***

Body weight (kg) c 75.25 ± 12.99 54.58 ± 8.48 65.09 ± 15.09 0.000 ***

Body mass index (kg·m−2) c 24.21 ± 3.52 21.64 ± 2.22 22.95 ± 3.20 0.001 **
a Statistical significance of differences by gender was determined using the independent t-test with the following significance codes:
**, *** significant at p = 0.01, <0.001 level, respectively, NS, not significant. b Height was measured using an anthropometer (Ok7979;
Samhwa, Seoul, Korea). c Body weight and body mass index was measured using a body fat analyzer (ioi 353; Jawon Medical, Gyeongsan,
Korea); Body mass index was calculated using the formula [weight (kg)]/[height (m)2].

2.2. Experimental Condition and Procedure

We arranged 1.0 m × 1.8 m garden space at an experimental garden on the Konkuk
University campus. The average temperature, relative humidity, and light intensity during
the experiment were 16.95 ± 4.54 ◦C, 40.64 ± 11.89%, and 5962.62 ± 4367.62 lx, respectively.

The duration of the experiment was 90 min on average per participant. Before perform-
ing HA tasks, the participants were given a 1-min rest on a chair for baseline measurement.
After resting, the participants were randomly assigned to a HA task for 2 min, and then
asked to fill out a questionnaire to record the emotional state of the participants. This
measurement cycle consists of a 1-min rest, a 2-min task, and a survey was repeated until
the participants completed all of the 11 HA tasks we designed (Table 2, Figure 1). The
experimental protocol of this study was established through a preliminary test, referring
to previous studies that investigated the characteristics of HA through EEG measure-
ment [30,31]. For the protocol of this study, to investigate each HA’s characteristics, the
optimal task time and the rest time were set to obtain reliable data without being influ-
enced by each other between each activity. The immediate response of the brain waves
and the autonomic nervous system to specific stimuli allows these short response time
settings [30,31]. The HA tasks assigned to the participants were conducted in the same
way as described in a standard operating procedure developed in previous studies [23,34].
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Table 2. Description of horticultural activities performed by participants in this study.

Horticultural Activity Description a Exercise
Intensity (METs) b

Organizing
a garden plot

Raking
(1) Standing with the feet shoulder width apart, holding
onto a rake (940 g) by placing the right hand at the end

of the stick; (2) stepping forward with the left foot,
holding the stick one third from the end; (3) reaching
out with the rake to the task spot; (4) striking the rake

onto the soil toward the front the participant;
(5) stepping back with the left foot.

5.4

Digging

(1) Standing with the feet shoulder width apart, holding
onto a shovel (1660 g); (2) stepping forward with the left
foot, holding the middle of the shovel handle with the

left hand; (3) reaching to plunge the blade of the shovel
properly into the task spot; (4) digging and heaping the
soil to the right side; (5) stepping back with the left foot.

6.3

Making
a garden

Sowing seeds

(1) Squatting down and grasping a hand hoe (190 g) by
the right hand; (2) reaching as far as possible with the

hoe to position the blade properly at the task spot;
(3) striking the hand hoe onto the ground; (4) sowing

seeds (sword bean; Canavalia ensiformis) with both hands
as a drill-seeding task.

4.3

Transplanting plants

(1) Squatting and grasping a trowel (60 g) by right hand;
(2) digging the soil with the trowel at the task spot;

(3) planting plants (pepper face; Peperomia obtusifolia) on
a span apart by both hands.

3.5

Maintaining
a garden

Hoeing

(1) Squatting down (bending the left leg vertically and
the right leg horizontally); (2) holding a hand hoe (190 g)
with the right hand and lifting it to the shoulder level;

(3) striking the hand hoe on the ground; (4) drawing the
soil toward the body.

4.4

Mulching

Covering the soils with straw while squatting in the
garden plot (1.0 m × 1.8 m). 4.5
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Table 2. Cont.

Horticultural Activity Description a Exercise
Intensity (METs) b

Weeding

Grasping weeds with the right hand, and pulling
towards their body, repeating two or

three times while squatting.
5.0

Pruning

Cutting juniper (Juniperus chinensis)
branches using a pruning shear. -

Staking

Picking a stake (40 g) to the side of the plant stem and
stacking using a tie by both hands while squatting. -

Watering

Holding a watering can (600 g) by the right hand, and
watering through the garden plot (1.0 m × 1.8 m). 3.9

Harvesting

(1) Standing with the feet shoulder width apart,
(2) reaching the right arm to the peppers (Capsicum
annuum L.) for harvesting; (3) placing the harvested

peppers in a basket (150 g) by the left hand.

4.2

a The listed descriptions of a standard operating procedure are adapted from Lee et al., (2018) and Park et al., (2014) [23,34]. b The exercise
intensities of horticultural activity for adults in 20s are referenced by Park et al., (2014) [23]. Metabolic equivalent of task (MET) represents
the exercise intensity of physical activity in terms of oxygen consumption per unit body mass (1 MET = 3.5 mL·O2/kg/min) [35]. Less than
3 METs indicate low intensity, 3–6 METs are moderate intensity, and above 6 METs are high intensity physical activity [36].

2.3. Measurement
2.3.1. Electroencephalography (EEG)

We used a wireless dry EEG device (Quick-20; Cognionics, San Diego, CA, USA) to
measure the brain waves of the participants while conducting the HA tasks. The dry type
of EEG device employs electrolyte gel, featuring a minimized risk of an electric shock
compared with the wet type systems. Dry electrodes applied to the scalp of the EEG device
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can amplify and process measured electrical signals. These signals were collected for data
analysis. The safety of using this device has been certified by the European Commission
and the Federal Communications Commission [30,31]. The electrode arrangements for the
data collection followed the international 10- to 20-electrode arrangement system [37] while
setting the reference electrode attached to the left earlobe (A1). The prefrontal cortex (PFC)
in the brain governs cognitive control functions by affecting attention, impulse inhibition,
prospective memory, and cognitive flexibility [38]. The EEG results measured from the
left (Fp1) and right (Fp2) PFC channels are known to be involved in cognitive function
(Figure 2) [39].

Figure 1. The experimental protocol used in this study.

Figure 2. (Left) the wireless electroencephalography (EEG) device (Quick-20; Cognionics, San Diego, CA, USA) worn by a
participant in the study. (Right) The electrode locations of the international 10–20 system for EEG recording [37].
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2.3.2. Profile of Mood States (POMS) and Semantic Differential Method (SDM)

After conducting each HA task for 2 min, we evaluated the emotional responses of
the participants to HA tasks using the POMS and SDM questionnaire-based metrics. The
POMS was developed by Shin [40], referring to the original literature, McNair et al. [41].
This metric contains 30 questions, which are classified into six emotional states of the
participants as follows: “Tension and Anxiety (T-A)”, “Depression (D)”, “Anger and
Hostility (A-H)”, “Vigor (V)”, “Fatigue (F)”, and “Confusion (C)”. A 5-point scale is used
in each question to evaluate the emotional reactions from 1 (Not at all) to 5 (Very much).
The responses were further evaluated by estimating the total mood disturbance (TMD)
score using the following formula: TMD score = (T-A) + (D) + (A-H) + (F) + (C) − (V).
Lower scores present more positive moods of the participants [42].

The SDM was developed by Osgood et al. [43] and is commonly used to measure the
emotional states of the participants like the POMS. This metric contains 3 questions with
the three classified descriptor scales: “comfortable–uncomfortable,” “natural–artificial,”
and “relaxed–awakening.” The responses are measured on a 13-point Likert scale, where
higher scores present more positive emotions of the participants, rather than the POMS.
The Cronbach’s α was = 0.7 [41].

2.3.3. Data Processing and Analysis

We analyzed the collected EEG data using the Cognionics Data Acquisition (Cognion-
ics) and Telescan 2.2 (Cognionics) software packages. First, as per the frequency band
(4–50 Hz), brain waves from PFC were separated into four signature waves—theta (4–8 Hz),
alpha (8–13 Hz), beta (13–30 Hz), and gamma waves (30–50 Hz) [44]. Then, we processed
the first-hand brain waves and parameterized into four indicators—relative beta power
spectrum (RB), sensory-motor rhythm (SMR)/theta spectrum, spectral edge frequency of
50 (SEF50), and spectral edge frequency as 50% of alpha (ASEF50). These parameters are
interpreted as the overall attention levels of the participants based on the total frequency
band [45]. These parameters are also used to represent different states of the brain in
attention as described below (Table 3) [46–49].

Table 3. EEG power spectrum indicators used in this study.

Analysis Indicator The Full Name of the EEG
Power Spectrum Indicator Indicator Estimate (Ratio) Attention State

RB Relative Beta Beta (13–30 Hz)/total
frequency (4–50 Hz)

Attentive status, being
engaged in problem-solving,

making decisions

SMR/theta Sensory Motor Rhythm to theta Lower beta (12–15 Hz)/theta (4–8 Hz) Immersion state of individuals

SEF50 Spectral Edge Frequency 50% of
Total Spectrum Band

The lowest frequency below which
50% of the total power in the total

frequency band (4–50 Hz)
Awareness

ASEF50 Spectral Edge Frequency 50% of
Alpha Spectrum Band

The lowest frequency below which
50% of the total power in the alpha

frequency (8–13 Hz)

Adequate awareness with
stability and relaxation

We performed a one-way ANOVA to examine each HA task on the EEG parameters
and the POMS and SDM scores using SPSS (version 25 for Windows; IBM, Armonk, NY,
USA). For post-hoc mean separation of those data, we conducted Duncan’s multiple range
test on SPSS. In these statistical analyses, p < 0.05 was set to be significant in comparisons.
We used Microsoft Excel (Office 2007; Microsoft Corp., Redmond, WA, USA) to compute
descriptive statistics of the demographic data.
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3. Results
3.1. EEG

Overall, all of the EEG parameters analyzed—the RB, SMR/theta, SEF50, and
ASEF50—increased when the participants were performing different HA tasks compared
to the baseline measurement during the resting period (Table 4). Between the two regions
of PFC areas, Fp1 and Fp2, no differences were observed, rather showing similar trends of
the activation status of those four parameters. In addition, it was noted that different HA
tasks made the participants show the featured activation patterns of the four parameters
(Table 4). Among those HA tasks, the raking task increased the RB and ASEF50 of both
PFC more than the other HA tasks. Similarly, when performing the digging task, the
RB, SMR/theta, and ASEF50 also increased the most among the other tasks. During the
pruning task, the SEF50 was higher than during the other tasks (Table 4).

Although overall activation patterns of HA tasks were similar, the RB, SMR/theta,
and SEF50 were different by gender (Table 4). In the male participants, the RB and ASEF50
in both PFC were significantly higher during the raking task; the RB and ASEF50 in
right PFC were significantly higher activation during the digging and mulching tasks,
and the SMR/theta and SEF50 in both PFC were significantly higher during the digging
and pruning task, respectively, than those during the other tasks (Table 4). In the female
participants, the RB, SMR/theta in both PFC, and the ASEF50 in the right PFC were
significantly higher during the digging task; and the SEF50 and ASEF50 in both PFC were
significantly higher during the pruning and raking, respectively than those during the
other tasks (Table 4).

3.2. Profile of Mood States (POMS) and Semantic Differential Method (SDM)

The subjective evaluation of the emotional states, while the participants’ performing
HA tasks, was conducted using the POMS questionnaire. The results of the POMS demon-
strated that the TMD scores were significantly different between HA tasks and resting
(Table 5). The TMD score during resting was greater than those during HA, indicating that
the emotional state was positively changed when the participants conducted the HA tasks.
Regarding the detailed six emotional states, differences were observed in vigor, tension and
anxiety, and fatigue indices, whereas no differences were observed in depression, anger and
hostility, and confusion indices. The participants experienced the most vigor and fatigue
during the digging and the raking for the organization of a garden plot tasks. Furthermore,
compared with the other tasks, when participating in the digging task, they experienced
the highest tension and anxiety. Regarding gender, the male participants experienced the
most tension and anxiety when digging. The female participants experienced the most
vigor and fatigue when digging and raking for the organizing of garden plot tasks.

The results of the SDM survey showed that each score (e.g., being comfortable, being
natural, and being relaxed) that participants felt were significantly different among HA
tasks (Figure 3). When harvesting, participants experienced the most comfortable feeling
compared to when participating in the other HA tasks. Furthermore, when harvesting and
transplanting, they experienced the highest natural and relaxed feelings over the other HA
tasks. Regarding gender, there were no significant differences in the SDM scores of the
different takes in the male participants. The female participants felt the most comfortable
and relaxed when harvesting and felt the most natural when transplanting.
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Table 4. Results of the relative beta power spectrum (RB), Sensory Motor Rhythm (SMR)/theta, Spectral Edge Frequency 50 (SEF50), and Spectral Edge Frequency 50% of Alpha Spectrum
Band (ASEF50) by electroencephalography according to the horticultural activities.

Variable Horticultural Activity

RB c SMR/theta d SEF50 e ASEF50 f

Fp1 b Fp2 b Fp1 Fp2 Fp1 Fp2 Fp1 Fp2

M ± SD

Male
(n = 30)

Organizing a
garden plot

Raking 0.33 ± 0.04 a a 0.33 ± 0.04 a 0.09 ± 0.01 ab 0.09 ± 0.01 ab 18.39 ± 4.96 b 18.01 ± 4.82 bc 10.42 ± 0.34 a 10.39 ± 0.30 a
Digging 0.31 ± 0.05 abcd 0.33 ± 0.05 a 0.09 ± 0.01 a 0.09 ± 0.01 a 15.31 ± 4.50 cd 16.51 ± 4.37 bc 10.40 ± 0.32 abc 10.39 ± 0.25 a

Making a garden
Sowing seeds 0.32 ± 0.03 abcd 0.32 ± 0.03 ab 0.08 ± 0.01 bc 0.08 ± 0.01 bc 16.90 ± 3.62 bcd 16.84 ± 3.34 bc 10.20 ± 0.18 abc 10.24 ± 0.17 abc
Transplanting 0.32 ± 0.04 ab 0.33 ± 0.04 a 0.08 ± 0.01 bc 0.08 ± 0.02 bc 17.68 ± 3.83 b 17.64 ± 3.36 bc 10.22 ± 0.20 ab 10.27 ± 0.20 ab

Maintaining
a garden

Hoeing 0.30 ± 0.04 cde 0.31 ± 0.03 abcd 0.08 ± 0.01 c 0.08 ± 0.01 cd 16.22 ± 3.87 bcd 16.77 ± 3.21 bc 10.25 ± 0.24 cd 10.06 ± 0.27 bcd
Mulching 0.33 ± 0.04 ab 0.33 ± 0.03 a 0.08 ± 0.01 bc 0.08 ± 0.01 bc 18.17 ± 3.76 b 18.33 ± 3.02 ab 10.29 ± 0.25 ab 10.30 ± 0.30 a
Weeding 0.31 ± 0.03 bcde 0.31 ± 0.03 abcd 0.08 ± 0.01 c 0.08 ± 0.01 cd 16.82 ± 3.71 Bcd 17.17 ± 3.74 bc 10.22 ± 0.17 cd 10.24 ± 0.18 abcd
Pruning 0.32 ± 0.03 abc 0.32 ± 0.03 abc 0.06 ± 0.01 d 0.07 ± 0.01 de 21.28 ± 3.48 A 20.12 ± 3.99 a 10.16 ± 0.19 cd 10.14 ± 0.22 bcd
Staking 0.29 ± 0.03 e 0.30 ± 0.30 cd 0.07 ± 0.01 d 0.07 ± 0.01 de 16.83 ± 3.86 bcd 16.09 ± 3.02 cd 10.30 ± 0.18 de 10.32 ± 0.19 de

Watering 0.32 ± 0.04 abcd 0.32 ± 0.05 ab 0.08 ± 0.01 bc 0.08 ± 0.02 bc 17.65 ± 4.28 B 17.38 ± 3.44 bc 10.17 ± 0.19 bcd 10.21 ± 0.17 abc
Harvesting 0.30 ± 0.04 cde 0.31 ± 0.03 bcd 0.07 ± 0.01 d 0.07 ± 0.01 de 17.50 ± 4.39 Bc 17.11 ± 3.46 bc 10.35 ± 0.26 cde 10.37 ± 0.30 cd

Resting 0.30 ± 0.04 de 0.30 ± 0.03 d 0.07 ± 0.01 d 0.07 ± 0.01 de 14.86 ± 3.28 D 14.55 ± 2.80 d 10.43 ± 0.22 e 10.08 ± 0.34 e
Significance g 0.000 *** 0.000 *** 0.000 *** 0.000 *** 0.000 *** 0.000 *** 0.000 *** 0.000 ***

Female
(n = 30)

Organizing a
garden plot

Raking 0.33 ± 0.05 ab 0.34 ± 0.05 ab 0.09 ± 0.02 ab 0.10 ± 0.02 ab 16.05 ± 4.03 abc 16.72 ± 3.76 abc 10.49 ± 0.32 a 10.51 ± 0.35 a
Digging 0.34 ± 0.04 a 0.35 ± 0.04 a 0.10 ± 0.02 a 0.10 ± 0.02 a 16.95 ± 3.77 ab 17.30 ± 3.15 ab 10.33 ± 0.32 ab 10.42 ± 0.33 a

Making a garden
Sowing seeds 0.31 ± 0.05 bc 0.31 ± 0.05 c 0.09 ± 0.02 bc 0.09 ± 0.02 bcd 14.86 ± 2.87 bc 15.10 ± 2.57 bcd 10.29 ± 0.29 bc 10.33 ± 0.33 bc
Transplanting 0.31 ± 0.04 bc 0.28 ± 0.04 bc 0.09 ± 0.02 abc 0.09 ± 0.02 abc 15.50 ± 3.17 abc 15.92 ± 3.22 bcd 10.21 ± 0.20 ab 10.26 ± 0.24 ab

Maintaining
a garden

Hoeing 0.30 ± 0.05 bc 0.31 ± 0.05 c 0.09 ± 0.02 bc 0.09 ± 0.02 bcd 14.89 ± 3.62 bc 15.28 ± 3.31 bcd 10.07 ± 0.16 bc 10.10 ± 0.16 bc
Mulching 0.31 ± 0.04 bc 0.32 ± 0.04 bc 0.09 ± 0.02 bc 0.09 ± 0.02 abcd 15.64 ± 3.13 abc 16.19 ± 2.77 bcd 10.28 ± 0.26 bc 10.25 ± 0.32 abc
Weeding 0.29 ± 0.05 cd 0.30 ± 0.05 cd 0.08 ± 0.01 cd 0.08 ± 0.02 cd 14.51 ± 3.82 c 15.48 ± 3.47 bcd 10.10 ± 0.25 cd 10.16 ± 0.26 cd
Pruning 0.29 ± 0.05 cd 0.30 ± 0.05 cd 0.06 ± 0.02 e 0.06 ± 0.02 e 17.32 ± 5.76 a 18.32 ± 6.05 a 10.07 ± 0.16 d 10.10 ± 0.17 de
Staking 0.27 ± 0.04 d 0.28 ± 0.03 d 0.07 ± 0.01 de 0.07 ± 0.01 e 13.90 ± 4.07 c 14.29 ± 3.59 d 10.31 ± 0.32 d 10.33 ± 0.33 de

Watering 0.29 ± 0.04 cd 0.29 ± 0.06 cd 0.08 ± 0.02 cd 0.08 ± 0.02 d 14.89 ± 3.49 bc 14.87 ± 3.23 cd 10.06 ± 0.17 bc 10.06 ± 0.15 cd
Harvesting 0.27 ± 0.04 d 0.28 ± 0.04 d 0.07 ± 0.01 e 0.07 ± 0.01 e 14.32 ± 4.31 c 15.35 ± 4.43 bcd 10.41 ± 0.32 d 10.46 ± 0.35 e

Resting 0.29 ± 0.04 cd 0.29 ± 0.05 cd 0.06 ± 0.01 e 0.06 ± 0.01 e 14.45 ± 3.69 c 15.44 ± 4.44 bcd 10.42 ± 0.37 d 10.51 ± 0.37 de
Significance 0.000 *** 0.000 *** 0.000 *** 0.000 *** 0.000 *** 0.000 *** 0.000 *** 0.000 ***

Total
(n = 60)

Organizing a
garden plot

Raking 0.33 ± 0.05 a 0.34 ± 0.05 a 0.09 ± 0.02 ab 0.09 ± 0.02 ab 17.22 ± 4.63 b 17.36 ± 4.33 b 10.42 ± 0.34 a 10.46 ± 0.36 a
Digging 0.32 ± 0.05 a 0.34 ± 0.05 a 0.10 ± 0.02 a 0.10 ± 0.01 a 16.13 ± 4.20 bcd 16.90 ± 3.80 b 10.40 ± 0.32 a 10.45 ± 0.33 a

Making a garden
Sowing seeds 0.31 ± 0.04 abc 0.32 ± 0.04 bcd 0.08 ± 0.02 bcd 0.09 ± 0.02 bc 15.88 ± 3.40 bcd 15.97 ± 3.08 bc 10.31 ± 0.25 bcd 10.32 ± 0.27 bc
Transplanting 0.32 ± 0.04 ab 0.32 ± 0.04 abc 0.09 ± 0.02 bc 0.09 ± 0.02 bc 16.59 ± 3.65 bc 16.78 ± 3.37 b 10.38 ± 0.29 ab 10.42 ± 0.33 ab

Maintaining
a garden

Hoeing 0.30 ± 0.04 bcde 0.31 ± 0.04 bcde 0.08 ± 0.02 cd 0.08 ± 0.02 cd 15.55 ± 3.78 bcd 16.03 ± 3.32 bc 10.25 ± 0.24 de 10.29 ± 0.26 cd
Mulching 0.32 ± 0.04 ab 0.33 ± 0.04 ab 0.09 ± 0.02 bcb 0.09 ± 0.02 bc 16.90 ± 3.66 bc 17.26 ± 3.07 b 10.35 ± 0.28 abc 10.40 ± 0.29 ab
Weeding 0.30 ± 0.04 cdef 0.31 ± 0.04 def 0.08 ± 0.01 d 0.08 ± 0.01 d 15.66 ± 3.91 bcd 16.32 ± 3.68 bc 10.21 ± 0.20 def 10.26 ± 0.22 cd
Pruning 0.31 ± 0.04 bcd 0.31 ± 0.04 edef 0.06 ± 0.01 f 0.06 ± 0.01 e 19.30 ± 5.12 A 19.22 ± 5.16 a 10.16 ± 0.22 efg 10.20 ± 0.22 de
Staking 0.28 ± 0.04 f 0.29 ± 0.03 g 0.07 ± 0.01 e 0.07 ± 0.01 e 15.37 ± 4.20 Cd 15.19 ± 3.41 c 10.11 ± 0.19 fg 10.12 ± 0.20 ef

Watering 0.30 ± 0.05 bcd 0.31 ± 0.05 cdef 0.08 ± 0.02 d 0.08 ± 0.02 d 16.27 ± 4.20 bcd 16.12 ± 3.54 bc 10.28 ± 0.26 cd 10.28 ± 0.31 cd
Harvesting 0.29 ± 0.04 ef 0.29 ± 0.04 fg 0.07 ± 0.01 e 0.07 ± 0.01 e 15.91 ± 4.60 bcd 16.23 ± 4.04 bc 10.12 ± 0.19 fg 10.14 ± 0.18 ef

Resting 0.29 ± 0.04 def 0.29 ± 0.04 efg 0.07 ± 0.01 ef 0.07 ± 0.01 e 14.65 ± 3.47 D 15.00 ± 3.72 c 10.70 ± 0.22 g 10.08 ± 0.22 f
Significance 0.000 *** 0.000 *** 0.000 *** 0.000 *** 0.000 *** 0.000 *** 0.000 *** 0.000 ***

a Post hoc analysis: a > b > c > d > e > f > g according to Duncan’s multiple range tests. b Fp1 = left prefrontal lobe; Fp2 = right prefrontal lobe. c RB power spectrum was calculated by [beta (13–30 Hz)
power]/[total frequency (4–50 Hz) power]. d SMR/theta power spectrum was calculated by [lower beta (12–15 Hz) power]/[theta (4–8 Hz) power.]. e SEF50 power spectrum is the lowest frequency below which
50% of the total power in the total frequency band (4–50 Hz). f ASEF50 power spectra are the lowest frequency below which 50% of the total power is in the alpha frequency (8–13 Hz). g NS = nonsignificant,
*** = significant at p < 0.05, 0.01, 0.001 using one-way ANOVA, respectively.
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Table 5. Result of emotion state change by Profile of mood states (POMS) a according to the horticultural activities.

Variable Horticultural Activity
V D C T-A A-H F TMD

M ± SD

Male
(n = 30)

Organizing a
garden plot

Raking 10.20 ± 4.87 a b 0.57 ± 1.28 2.50 ± 1.66 1.00 ± 1.98 b 0.30 ± 0.92 3.23 ± 3.73 ab −2.60 ± 8.52 b
Digging 10.00 ± 4.28 a 1.00 ± 1.53 2.60 ± 1.98 2.30 ± 2.81 a 0.67 ± 1.18 3.33 ± 3.04 a −0.10 ± 8.13 b

Making a garden Sowing seeds 8.60 ± 4.74 ab 0.43 ± 1.33 2.10 ± 1.86 0.87 ± 1.70 b 0.43 ± 1.17 1.77 ± 2.76 abc −3.00 ± 7.85 b
Transplanting 8.90 ± 4.44 ab 0.60 ± 1.35 2.50 ± 2.10 1.33 ± 2.15 ab 0.67 ± 1.73 1.67 ± 2.83 bc −2.13 ± 9.18 b

Maintaining
a garden

Hoeing 9.40 ± 4.61 ab 0.70 ± 1.44 2.20 ± 1.49 0.67 ± 1.56 b 0.57 ± 1.28 2.20 ± 3.04 abc −3.07 ± 8.78 b
Mulching 7.83 ± 5.09 ab 0.50 ± 0.94 2.27 ± 1.87 0.07 ± 1.51 b 0.40 ± 1.16 1.80 ± 2.23 abc −2.17 ± 7.57 b
Weeding 7.17 ± 4.56 b 0.73 ± 1.44 2.20 ± 1.94 0.73 ± 1.57 cd 0.23 ± 0.82 1.57 ± 2.60 c −1.70 ± 8.23 b
Pruning 7.60 ± 4.65 ab 0.67 ± 1.45 2.30 ± 2.15 0.87 ± 1.80 b 0.60 ± 1.50 1.03 ± 2.04 c −2.13 ± 7.93 b
Staking 7.73 ± 4.03 ab 0.50 ± 1.14 2.40 ± 1.87 1.60 ± 2.55 ab 0.17 ± 0.75 1.97 ± 3.15 abc −1.00 ± 8.23 b

Watering 8.93 ± 4.79 ab 0.47 ± 1.11 2.13 ± 1.70 0.73 ± 1.89 b 0.37 ± 1.25 1.13 ± 2.22 c −4.10 ± 7.84 b
Harvesting 9.03 ± 4.45 ab 0.63 ± 1.63 2.77 ± 1.96 0.93 ± 1.74 b 0.43 ± 1.22 1.40 ± 2.76 c −2.87 ± 9.68 b

Resting 3.20 ± 3.19 c 1.13 ± 2.45 2.27 ± 3.25 2.20 ± 3.39 a 0.73 ± 2.16 2.10 ± 2.71 abc 5.23 ± 11.06 a
Significance c 0.000 *** 0.801 NS 0.983 NS 0.014 * 0.846 NS 0.000 *** 0.010 *

Female
(n = 30)

Organizing a
garden plot

Raking 10.57 ± 4.09 a 0.40 ± 1.35 1.83 ± 2.20 1.20 ± 1.86 0.73 ± 1.55 3.93 ± 3.56 a −2.10 ± 0.35 b
Digging 10.57 ± 4.09 a 0.20 ± 0.66 2.50 ± 2.66 2.20 ± 1.90 0.73 ± 1.72 4.07 ± 3.91 a −0.77 ± 8.27 b

Making a garden Sowing seeds 9.53 ± 4.99 a 0.47 ± 2.19 2.40 ± 2.01 0.73 ± 2.03 0.30 ± 1.47 1.70 ± 2.88 bc −3.93 ± 8.84 b
Transplanting 9.43 ± 4.61 a 0.47 ± 2.19 2.20 ± 1.69 1.17 ± 3.65 0.43 ± 2.03 1.90 ± 3.95 bc −3.27 ± 10.13 b

Maintaining
a garden

Hoeing 8.87 ± 4.42 abc 0.33 ± 1.32 2.00 ± 2.02 0.90 ± 1.86 0.77 ± 2.31 3.20 ± 4.27 ab −1.67 ± 8.76 b
Mulching 6.73 ± 4.23 bc 0.33 ± 0.84 1.77 ± 1.45 0.83 ± 1.74 0.20 ± 0.66 1.53 ± 2.65 bc −2.07 ± 5.40 b
Weeding 8.50 ± 5.44 abc 0.40 ± 1.10 1.93 ± 1.66 1.03 ± 2.67 1.57 ± 2.85 2.23 ± 3.69 abc −1.33 ± 10.28 b
Pruning 6.23 ± 5.34 c 0.20 ± 0.48 1.17 ± 1.55 1.00 ± 1.29 0.80 ± 2.33 1.27 ± 2.75 bc −1.67 ± 8.76 b
Staking 6.77 ± 4.30 bc 0.17 ± 0.53 1.80 ± 1.71 1.40 ± 2.59 0.37 ± 1.22 1.80 ± 2.80 bc −1.23 ± 6.87 b

Watering 7.97 ± 4.99 abc 0.07 ± 0.25 1.60 ± 1.87 0.77 ± 2.03 0.23 ± 0.94 2.50 ± 3.41 abc −2.80 ± 6.07 b
Harvesting 9.37 ± 4.11 ab 0.23 ± 0.73 2.10 ± 1.73 0.97 ± 2.24 0.53 ± 1.96 1.10 ± 2.50 c −4.43 ± 7.33 b

Resting 1.70 ± 3.46 d 0.83 ± 1.46 1.23 ± 2.13 1.50 ± 1.76 0.57 ± 1.74 2.70 ± 2.41 abc 5.13 ± 6.58 a
Significance c 0.000 *** 0.598 NS 0.379 NS 0.423 NS 0.265 NS 0.003 ** 0.003 **

Total
(n = 60)

Organizing a
garden plot

Raking 10.20 ± 4.80 a 0.48 ± 1.31 2.17 ± 1.96 1.10 ± 1.91 bc 0.52 ± 1.28 3.58 ± .3.63 a −2.35 ± 8.73 b
Digging 10.28 ± 4.16 a 0.60 ± 1.24 2.60 ± 2.32 2.25 ± 2.38 a 0.70 ± 1.46 3.70 ± 3.49 a −0.43 ± 8.14 b

Making a garden Sowing seeds 9.07 ± 4.85 ab 0.45 ± 1.80 2.25 ± 1.93 0.80 ± 1.86 c 0.37 ± 1.31 1.73 ± 2.80 bc −3.47 ± 8.30 b
Transplanting 9.17 ± 4.50 ab 0.53 ± 1.55 2.35 ± 1.89 1.25 ± 2.97 bc 0.55 ± 1.87 1.78 ± 3.41 bc −2.70 ± 9.60 b

Maintaining
a garden

Hoeing 9.13 ± 4.49 ab 0.52 ± 1.38 2.10 ± 1.76 0.78 ± 1.71 c 0.67 ± 1.86 2.70 ± 3.71 ab −2.12 ± 6.52 b
Mulching 7.28 ± 4.67 c 0.42 ± 0.89 2.02 ± 1.68 0.77 ± 1.62 c 0.30 ± 0.94 1.67 ± 2.43 bc −2.12 ± 6.52 b
Weeding 7.83 ± 5.03 bc 0.57 ± 1.28 2.07 ± 1.79 0.88 ± 2.18 c 0.90 ± 2.18 1.90 ± 3.18 bc −1.52 ± 9.23 b
Pruning 6.92 ± 5.01 c 0.43 ± 1.09 2.03 ± 1.88 0.93 ± 1.55 c 0.70 ± 1.94 1.15 ± 2.41 c −1.67 ± 7.92 b
Staking 7.25 ± 4.16 c 0.33 ± 0.90 2.15 ± 1.81 1.50 ± 2.55 abc 0.27 ± 1.01 1.88 ± 2.95 bc −1.12 ± 7.51 b

Watering 8.45 ± 4.87 abc 0.27 ± 0.82 1.87 ± 1.79 0.75 ± 1.95 c 0.30 ± 1.09 1.82 ± 2.94 bc −3.45 ± 6.98 b
Harvesting 9.20 ± 4.25 ab 0.43 ± 1.27 2.43 ± 1.86 0.95 ± 1.99 c 0.48 ± 1.62 1.25 ± 2.61 c −3.65 ± 8.55 b

Resting 2.45 ± 3.38 d 0.98 ± 2.00 1.75 ± 2.77 1.85 ± 2.70 ab 0.65 ± 1.95 2.40 ± 2.56 bc 5.18 ± 9.03 a
Significance c 0.000 *** 0.386 NS 0.582 NS 0.001 * 0.514 NS 0.000 *** 0.000 ***

a V: vigor, D: depression, C: confusion, T-A: tension and anxiety, A-H: anger and hostility, F: fatigue; Total score range: 0 to 20. TMD: total mood disturbance with a total score range of −20 to 100 A lower
score indicates a positive emotional state. b Post hoc analysis: a > b > c > d according to Duncan’s multiple range tests. c NS = nonsignificant, *, **, *** = significant at p < 0.05, 0.01, 0.001 using one-way
ANOVA, respectively.
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Figure 3. Comparison of a semantic differential method (SDM) for each horticultural activity task of
20s participants (n = 60). Data are presented as M ± SD; (A) Being comfortable, (B) Being natural,
(C) Being relaxed. ***, Significant p < 0.001 according to the one-way analysis of variance, post hoc
analysis a > b > c > d according to Duncan’s multiple range tests. The score ranges from −6 to +6.
The higher the value is, the more positive the emotional state presents.

4. Discussion

In this pilot study, we characterized various HA based on brain function and emotional
state of the participants and demonstrated that each HA task affected brain activation
and emotional state in different ways. For EEG, each HA task showed a tendency to have
higher brain activity of the EEG parameters (i.e., RB, SMR/theta, SEF50, and ASEF50)
related to concentration when compared to the resting state. The RB and the ASEF50
of the participants performing the garden plot organization tasks, such as digging and
raking, were especially activated higher than those during the other HA tasks. In addition,
the pruning task increased the SEF50 the most for both male and female participants in
comparison with the other HA tasks. These three HA tasks all require dexterous hand
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skills to use tools to perform tasks. Especially, when pruning, the participants selectively
remove branches of plants using a cutting tool, taking care not to damage the plant as
much as possible [50]. These fine motor skills and decision-making of branches to cut may
necessitate a higher attention level, indicated by increased brain activity. When performing
HA, the increased brain wave activation is likely because most of the HA tasks used in the
study were moderate-intensity physical activity for adults in their 20s [23]. The highest
activation of brain waves during the garden plot organizing tasks is thought to be the result
of having relatively high exercise intensity compared to the other HA tasks [23]. From
a physiological point of view, increasing the amount of blood flow and oxygen in PFC
during moderate-intensity physical activity leads to activation of PFC. For this activation
mechanism, moderate-intensity physical activity enhances the cognitive function, one of the
main functions of PFC, which, in turn, leads to increased attention and concentration [51,52].
In addition, previous studies reported that moderate-intensity physical activity increases
the BDNF level, a neurotrophic factor related to memory, in the hippocampus in terms of
cranial nerves [24,53,54]. Park et al. [53] reported that the BDNF levels in 41 elderly adults
increased as a result of a 20-min low-to-moderate HA intervention.

The results of this pilot study showed that there were differences, by gender, in
the EEG responses of the participants’ performing HA tasks. In previous studies, when
performing cognitive tasks such as intensive assignments and divergent thinking, changes
in EEG were also reported differently by gender [55]. This can be explained by many
intrinsic factors: The structural and functional differences of the brain by genders such as
cerebral blood flow, psychoneuroendocrine response to stress and challenging situations,
and morphological, neurochemical, and neurophysiological data of the sex dimorphism in
hemispheric interactions [56–58].

According to the POMS results, responses to the participants’ overall emotional states
during HA task were positively altered compared with resting state. The participants
reported that they felt negative emotions, such as fatigue and tension, but simultaneously
feeling the most vigor during the garden plot organizing tasks. The highest levels of
fatigue and tension during the digging and raking task were likely from the higher ex-
ercise intensity compared to the other HA tasks. Studies reported that through physical
activity, various emotional states are changed, indicating positive and negative emotions
both could be felt at the same time, and negative emotions such as fatigue and tension
decrease from 10 min after the start of the activity [59,60]. Therefore, it is judged that
negative/positive emotions coexisted because the participants performed each HA task for
2 min and investigated the emotion changes over the course of the measurements in the
study. It is also reported that when individuals are exposed to nature, greater emotional
relaxation and stress reduction were observed when performing more dynamic activities
within a green environment [61,62]. Previous studies have also reported that HA leads
to positive mood changes [31,63,64]. In another study, 27 elderly adults showed positive
mood changes after participating in indoor horticultural activities, with a 40-min session
for each activity, such as making a grass doll, making a topiary, dying the fabric using
plants, and smelling and tasting herbs, especially smelling and tasting herbs and dying
the fabric using plant showed the most positive mood (TDM score) changes. When emo-
tional changes during horticulture and other recreational activities were investigated, HA
tasks such as arranging flowers, transplanting, and washing leaves produced the highest
positive mood changes [32]. The average TDM scores of the 11 horticultural activities in
this study (−0.43 ± 8.14 to −3.65 ± 8.55) also added evidence for this claim, compared to
other recreational activities; for instance, walking with unfamiliar dog (−1.0 ± 1.7), yoga
and meditation in forest (1.06 ± 11.09), swimming (9.00 ± 20.00), playing video game
(11.05 ± 16.75), and weightlifting (9.54 ± 24.27) [65–68].

For the SDM results, there was a significant difference between HA tasks, and in
particular, the participants responded that they felt the most positive emotions, such as
natural, relaxed, and comfortable feel while harvesting and transplanting plants. These
results are considered to be due to psychophysiological relaxation and stabilization effects
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because they have the characteristics of plant-based horticultural tasks that directly touch
and use green living plants in the process of harvesting and transplanting plants compared
to the other HA tasks tested in the study [25,69]. Visual stimulation by green plants and
plant-based activity results in physiological stability and relaxation, including increases
in alpha waves, stabilization of the autonomic nervous system, and a decrease in oxy-Hb
level [25,69]. Previous studies reported adults in their 20s felt calmer and more comfortable,
relaxed, and natural when engaged in plant-based activities [25,70]. Similarly, it was found
that children felt more natural and relaxed when performing HA tasks like harvesting,
transplanting, and mixing soil rather than other leisure and physical activities [30]. For
example, children felt more natural than in their common leisure and physical activities
such as ball-playing, watching a video, folding paper (0.77 ± 2.43 to 2.13 ± 2.69) when
performing horticultural activities (3.97 ± 2.20 to 4.20 ± 2.06) by SDM scores. It was
also shown in the same study that children had higher levels of brain activation-related
parameters while harvesting than other tasks. Our results, thus, are in line with such
findings of the effects of plant-based activities on EEG and subjective mood conditions.
This study was derived from a controlled pilot study designed to investigate the unique
psychophysiological characteristics of each HA for 2 min. There is a difference from the
actual HA performance environment. Therefore, the results of this study have limitations
in not sufficiently explaining the continuous health benefits that can be obtained through
HA. For this reason, we suggest that long-term and longitudinal studies using EEG and
wearable devices are necessary for the psychophysiological effects that last during and
after an actual longer duration of HA. In addition, based on the feasibility confirmed in
this pilot study, the main study on the effectiveness of HA intervention on cognitive and
emotional aspects is needed by using evaluation tools that can clinically evaluate cognitive
function and mental health.

5. Conclusions

The results of this pilot study showed that the 11 HA tasks, serving as physical
activities, increased brain activity in the prefrontal cortex and positively changed subjective
emotional condition during a short time of tasking spans. In particular, digging, raking,
and pruning were the most effective in the brain activation of the participants. The ‘system
leverage point’ mechanism, in which specific interventions connecting people and nature
can bring about systemic change that promotes sustainability, defines material, experience,
cognition, and emotion as key connecting elements [19]. Horticultural activity is judged
to be suitable as an intervention to connect nature and humans for sustainability in that
it brings about positive cognitive and emotional changes through direct physical activity
using a plant material [19]. The scientific and objective indicators derived from this study
will serve as reference data for developing a horticultural activity intervention as green
exercise to allow an active connection with nature. In future studies, it is necessary to
investigate the psychophysiological characteristics of each horticultural activity task for
different age groups and various client groups. It will also require longitudinal approaches
to elucidate the effects of HA programs in practice (i.e., over the whole duration of the
activities) on attention and emotional stability using EEG and wearable devices. In addition,
in order to generalize the feasibility observed in this pilot study, it is necessary to identify
cognitive and emotional benefits of HA using evaluation tools that can measure cognitive
function and mental health in actual clinical practice.
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