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Abstract. The aim of this study was to compare the physiological and psychological
effects in the elderly during horticultural and nonhorticultural activities as leisure activ-
ities. A total of 58 participants aged 65 or older (29 men and 29 women; average age,
74.0 + 4.7) whose cognitive function was within the normal range were included in this
study. Participants performed four horticultural and four nonhorticultural activities
for 2 min, respectively. The study had a cross-over experimental design. Electroenceph-
alography was performed during all the activities. Subjective evaluation of emotions
was performed using the Profile of Mood States immediately after each activity. The col-
lected statistical data were analyzed using Duncan’s test as a post-analysis of variance
test to verify the differences in the results of electroencephalography and the Profile of
Mood States according to the different activities. In the results of the electroencephalog-
raphy, the relative beta, gamma, low-beta, and ratio of sensorimotor rhythm to theta
indices indicate that the degree of brain activity in the prefrontal lobe was high during
activities such as washing leaves, transplanting plants, and reading news. The results of
the Profile of Mood States showed that during activities such as arranging flowers,
transplanting, and washing leaves, the total mood disorder score was lowered, indicat-
ing a positive effect on the mood of the participants. This study shows that activities
such as washing leaves, transplanting, and reading news have a positive effect on the
cognitive function of elderly people by increasing brain activity.

Aging is associated with a decrease in  |gwers the quality of life of the individual,

cognitive function, which includes a decline
in brain function and amnesia (Peters, 2006).
Long-term cognitive impairment in elderly
people can lead to dementia, which is the
stage of cognitive function decline (Plassman
et al., 2010). Cognitive decline or dementia
causes cortical degeneration in the brain,
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and increases the burden of care on the fam-
ily (Gammon, 2014). Therefore, efforts and
practices to prevent cognitive decline or
dementia in elderly are crucial (Alzheimer’s
Disease International, 2015).

The Alzheimer’s Disease International
(2015) reported that lifestyle habits can pre-
vent cognitive decline in elderly. Additionally,
it is suggested that a lifestyle that includes lei-
sure activities can improve cognitive ability
and delay the onset of dementia (Letenneur
et al.,, 1995; Sanders and Verghese, 2007).
However, according to a survey of elderly in
South Korea, 99% spend their leisure time
performing passive leisure activities, such as
watching television (Jeong et al., 2017). Simi-
larly, nine out of ten elderly individuals in
Canada engage in passive leisure activities,
such as watching television and reading; the
amount of time spent on passive leisure activi-
ties increases with age (Arriagada, 2018).
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According to an analysis of 460 elderly (aged
60 years or older) living in the United States,
most spend a considerable amount of time par-
ticipating in passive leisure activities, which
have a negative effect on their levels of satis-
faction in life (Cho et al., 2018).

Gardening is an active leisure activity that has
a beneficial impact on the physical, cognitive,
and emotional health of elderly (Park et al.,
2016). Additionally, it poses a lower risk of injury
than other types of physical activity (Pons-Villa-
nueva et al., 2010; Powell et al., 1998). In a previ-
ous study, horticultural activities have been
regarded as low to moderately intense physical
activities for elderly (Park et al., 2011). Interven-
tions that involve horticultural activities have
been reported to maintain and improve their
physical, psychological, social, and cognitive
health (Han et al., 2018; Park et al., 2016, 2017,
2019). For example, horticultural activities could
increase the serum tryptophan, kynurenine, and
serotonin levels, which are bio-markers for
improved cognitive function in elderly people
(Park et al., 2020). Kim and Kim (2012) found
that elderly individuals with dementia who partic-
ipated in 18 horticultural activity programs had
improved cognitive function in comparison with
the control group. Another study reported that the
levels of the brain’s nerve growth factors, brain-
derived neurotrophic factor (BDNF) and platelet-
derived growth factor (PDGF), were significantly
improved by performing low- to moderate-inten-
sity horticultural activities (Park et al., 2019).

However, there is insufficient research using
electroencephalography (EEG) as a measure
for analyzing the cognitive effects of horticul-
tural activities in elderly. Brain activity patterns
change according to the degree of cognitive
function, and these activity patterns can be mea-
sured using EEG (Staufenbiel et al., 2014).

Accordingly, the objective of this study
was to compare the physiological and psy-
chological effects in the elderly using EEG
readings obtained during horticultural and
nonhorticultural leisure activities.

Materials and Methods

Participants. The inclusion criteria for
participation were as follows: a person over
65 years, not having dementia, being able-
bodied, being right-handed, having no history
of mental illness, and not taking any drugs
related to mental disease such as cognitive
impairment, depressive disorder, and anxiety
disorder (Kim et al., 2020). To recruit partici-
pants, a flyer with the study information was
distributed among senior community centers
in Seoul, South Korea. The individuals who
wished to participate in this study were
required to complete a consent form and the
Korean version of the Mini-Mental State
Exam (K-MMSE) (Oh et al, 2010) to
exclude individuals who did not fall within
the normal range of cognitive ability. As a
result, a total of 58 Korean elderly (29 men
and 29 women) voluntarily participated in the
study. The average K-MMSE score of the
participants was 26.81 + 1.93, which is
within the normal range (Oh et al., 2010).
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Fig. 1. Room arrangement for the experiment.

The participants were required to fast for 2 h
before starting the experiment because ingre-
dients such as caffeine, which is naturally pre-
sent in various foods, could stimulate the brain
and affect the data (Heckman et al., 2010). The
participants also responded to a questionnaire,
which comprised a question on their age, gen-
der, use of medicine drugs, etc.; height and
weight were measured using an anthropometer
(0k7979; Samhwa, Seoul, South Korea) and a
body mass analyser (ioi 353; Jawon Medical,
Gyeongsan, South Korea), respectively. Body
mass index of participants was also calculated
before the experiment.

After completion of the study, the partici-
pants received $15 as an incentive. This study
was approved by the Institutional Review
Board of Konkuk University (no. 7001355-
201809-HR-271).

Experimental conditions. The experiment
was conducted in a glasshouse at Konkuk Uni-
versity, Seoul, South Korea. The space for the
experiment (200 x 160 cm) was created by
attaching a white hardboard to the wall directly
across from the participant’s face. An ivory-col-
ored curtain was placed on both sides of the par-
ticipant to minimize external stimuli (Fig. 1).

The experimental space was quiet and
blocked off from external noise, with the aver-
age room temperature set between 23.0 and
26.0°C, based on the recommended
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Fig. 2. Study procedure. EEG = electroencephalography; POMS = Profile of Mood State.

temperature by the American Society of Heat-
ing, Refrigerating and Air-Conditioning Engi-
neers (2010). The room conditions were
regulated as follows: average temperature
24.3 +3.9°C (0-257; DRETEC Co., Japan),
average relative humidity 23.6 + 7.3% (O-
257; DRETEC Co.), and average illumination
1996.0 = 1024.0 1x (ST-126; SINCON, South
Korea).

Experimental procedure. A cross-over
experimental study was conducted. Each par-
ticipant performed the study procedure as
presented in Fig. 2.

Before starting the activity, each partici-
pant rested for 2 min by staring at a white
wall. Then, the participants performed four
horticultural and four nonhorticultural activi-
ties for 2 min each (Kim et al., 2020, 2021;
Oh et al., 2019) (Table 1, Fig. 3).

The horticultural activities carried out
included transplanting plants, washing leaves,
arranging flowers in a vase, and sowing seeds,
while the nonhorticultural activities included
playing Korean card games, watching televi-
sion, reading the news, and performing face
exercises. Each activity was prepared such

that it could be performed while sitting; this
allowed all participants to comfortably per-
form the tasks, accounting for the gradual
degeneration of the body structure of older
people. The results of the National Leisure
Activity Research Report of South Korea
showed that elderly people mainly enjoy their
leisure activities indoors (Ministry of Culture
Sports and Tourism, 2019); therefore, only
those activities that could be performed while
sitting indoors were selected. Before the exp-
eriment commenced, the participants received
a detailed demonstration of each activity. All
participants performed the activities in the
same sequence, and all activities that required
the use of the hand were performed using the
right hand.

The main difference between the two cat-
egories of activities is whether natural materi-
als such as plants, soil, and seeds are used.
The horticultural activities conducted in this
study were designed to allow the elderly to
directly see, touch, and smell natural materi-
als for various sensory stimulation.

After finishing each activity, the partici-
pants completed a questionnaire to report

Table 1. Description of horticultural and nonhorticultural activities performed by elderly that participated in this study.

Activity Description”
Horticultural Transplanting plants Transplanting seedlings (Chamaedorea elegans) into a 55-cm X 15-cm pot
activity using a hand trowel (0.1 kg). Participants transplanted an avg of 4 seedlings

Washing leaves with a cloth

Arranging flowers in a vase

Sowing seeds

Nonbhorticultural activity

Watching drama

Reading news

Performing face exercises

Playing Korean card game

in 2 mins.

After spraying water using a hand sprayer (0.2 kg) on plants (Epipremnum

aureum) in a 55-cm X 15-cm pot, the back of the leaves was supported by
the left hand and wiped off with a cloth using the right hand.

Holding the stem of the flowers (Gebera, Rosa hybrida, Dendranthema

morifolium, and Dianthus caryophyllus) with the left hand and using scissors
with the right hand to cut the stem diagonally and putting it in a vase with a
ht of 30 cm and a diam of 20 cm. Participants placed an avg of 11 flower

stems in the vase in 2 min.

Digging a hole with a finger in a tray (50 holes), sowing three white radish seeds
(Raphanus sativus L.) in each hole, and covering them with soil using the right hand.
Participants sowed an avg of 18 holes in 2 min.

Using 11 hwatu cards placed on the experimental desk, matching the cards one

by one (Korean Go-Stop card game).

Watching a video created by editing the most favored Korean drama program
called “Want to Live Together” based on the research by Korea Gallup
(2018. 8), in a comfortable position, while the video plays on a laptop.

Reading news articles on life and health on a laptop in a comfortable position.

Following the video of face exercises produced by the Ministry of Health and

Welfare to prevent dementia in elderly people.

“1 em = 0.3937 inch, 1 kg = 2.2046 1b.

2 of 10

HorTScIENCE - https://doi.org/10.21273/HORTSCI15818-21


https://doi.org/10.21273/HORTSCI15818-21

Fig. 3. Experimental performance appearance: (A) transplanting plants, (B) washing leaves with a cloth, (C) arranging flowers, (D) sowing seeds, (E) playing
Korean card games, (F) watching dramas, (G) reading news, and (H) performing face exercises.

their subjective emotional state using the Pro-
file of Mood States (POMS); thereafter, they
rested for 1 min and then performed the next
activity for 2 min. The male and female par-
ticipants performed the experiments in ran-
dom order, separately.

During each experiment, the participants
sat in a comfortable position with their
chairs placed close to the center of the desk.
As the experiment proceeded, the partici-
pants were instructed not to move loudly or
speak. For each participant, all the activities
of the experiment were finished within ~
60 min.

Measurement. A wireless, dry EEG device
(Quick-20; Cognionics, San Diego, CA) was
used to measure the cortical electrical activity
of each participant during the horticultural
and nonhorticultural activities (Fig. 4).

The EEG device used a dry electrode sys-
tem; and unlike a wet electrode system, it does
not need an electrolyte gel, therefore, it mini-
mizes the risk of an electric shock and allows
prompt removal of the electrode from the scalp
in case of discomfort. The potential difference is
determined by placing the dry electrode in con-
tact with the scalp, amplifying the measured
electric signals, and collecting the processed
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data. This device is mainly used in the field of
neuroscience (Onton et al., 2016; Stevens et al.,
2016), and it has been certified as safe by the
European Commission and the Federal Com-
munications Commission.

The EEG monitoring was performed in two
regions of the head following the international
1020 system of electrode placement (Fig. 5);
as the prefrontal lobe is involved in cognitive
function, the electrodes were placed at the Fpl
(left prefrontal) and Fp2 (right prefrontal) sites
(Jasper, 1958; Miller and Cohen, 2001).

The POMS was used to investigate the psy-
chological reaction of elderly people during

3 of 10


https://doi.org/10.21273/HORTSCI15818-21

Fig. 4. Dry EEG wireless electroencephalography device (Quick-20; Cognionics, San Diego, CA).

the horticultural and nonhorticultural activities.
The POMS is a tool developed by McNair
et al. (1971) and has been tested and validated
in a variety of contexts. The POMS has been
validated and justified for use in elderly people
in Korea by Shin (1996). It comprises 30 ques-
tions that are divided into “Tension and Anxi-
ety (T-A),” “Depression (D),” “Anger and
Hostility (A-H),” “Vigor (V),” “Fatigue (F),”
and “Confusion (C)” mood states. The ques-
tionnaire enables the analysis of mood by scor-
ing each of the questions on a S-point scale
from “Not at all” (1 point) to “Very much” (5
points). The total mood disturbance (TMD)
score is calculated using the following formula:
TMD score = (T-A) + (D) + (A-H) + (F) +
(C) = (V). The lower the TMD score, the more
positive the mood (Baker et al., 2002).

Data processing and analysis. EEG data
were analyzed using Cognionics Data Acqui-
sition (Cognionics, San Diego, CA) and

Fig. 5. International 10-20 system of electrode
placement (Jasper, 1958). Highlighted sites (Fp1,
Fp2) indicate those measured in this study.
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Telescan 2.2 software (Cognionics). The col-
lected EEG data (raw data) were analyzed
using power spectrum analysis to identify the
beta, gamma, and low-beta powers, and the
ratio of the sensorimotor rhythm (SMR) to
theta that is related to attention ability (Bakh-
tadze et al., 2016; Staufenbiel et al., 2014).
The relative beta (RB), gamma (RG), and
low-beta (RLB) power spectra were calcu-
lated using the ratio of power in the 4-50 Hz
band to power in the 13-30, 30-50, and
12—-15 Hz bands, respectively (Sowndharara-
jan et al., 2015). The ratio of SMR to theta
(RST) was calculated by using the ratio of
power in the 4-8 Hz band to power in the
12-15 Hz band.

One-way analysis of variance and Dun-
can’s multiple range test were performed
using SPSS (version 25 for Windows; IBM,
Armonk, NY) to compare the EEG and sub-
jective evaluation data according to each
activity; P < 0.05 was considered statistically
significant. For demographic information,
Microsoft Excel (Office 2007; Microsoft
Corp., Redmond, WA) was used to generate

descriptive statistics of the mean, standard
deviation, and percentage.

Results

Demographic characteristics. Fifty-eight
participants aged 74.02 + 4.69 years partici-
pated in the study, with 29 male and 29 female
participants (male, 74.69 + 4.34 years; female,
7334 + 5.01 years) (Table 2). The average
body mass index was 26.52 + 9.87 kg'm ™2,
which was within the range of the criteria for
obesity specified by the World Health Organi-
zation (WHO Expert Consultation, 2004).

Electroencephalography. During trans-
planting plants, the RB, RG, and RLB indices
were significantly increased (0.28, 0.31, and
0.06, respectively) in the left prefrontal lobe
of the participants when compared with the
other activities (P < 0.001) (Table 3). Fur-
thermore, compared with other activities, the
RB and RLB indices in the right prefrontal
lobe were significantly increased during
washing leaves and reading news (P < 0.01).
The RLB frequency band is observed in the
sensory motor cortex of the brain; it is also
called the SMR, and a high value indicates a
higher concentration (Bakhtadze et al., 2016).
Therefore, the increased RLB index in this
study indicates an increase in the attention
and concentration of the participants (Bakh-
tadze et al., 2016).

Additionally, during washing leaves and
reading news, the RST index in both prefron-
tal lobes was significantly higher than that
during other activities (P < 0.05). The RST
index is called the attention quotient and is
widely used as an index of brain activation
and awakening; a high value indicates
increased brain activity (Byun, 2011).

When the results were analyzed according
to sex, there were no significant differences
in the RB, RG, RLB, or RST among the dif-
ferent types of activities performed by the
female participants (P > 0.05). In the male
participants, the RB and RLB in both pre-
frontal lobes were significantly higher during
washing leaves (P < 0.01); and the RB, RG,
and RLB in both prefrontal lobes were signif-
icantly higher during reading news than those
during other activities (P < 0.01).

In previous studies, decreases in beta and
gamma bands have been found in those peo-
ple with dementia and mild cognitive impair-
ment (Missonnier et al., 2010; Stam et al.,

Table 2. Descriptive information of participants who participated in the study.

Male (n =29) Female (n =29) Total (N = 58)
Variable Mean =+ sp Significance”
Age (years) 74.69 + 4.34 73.34 + 5.01 74.02 + 4.69 NS
Height” (cm) 166.14 + 4.66 154.62 + 4.41 160.38 + 7.35 0.000%***
Body weight™ (kg) 63.97 + 10.41 68.71 + 25.82 66.34 + 19.66 NS
Body mass index™ (kg'm™?) 27.21 + 13.74 25.82 +£293 26.52 £ 9.87 NS

“Statistical significance as determined using the independent two-sample ¢ test.
YHeight was measured using an anthropometer (Ok7979; Samhwa, Seoul, South Korea) without

shoes.

*Body weight was measured using a body fat analyzer (ioi 353; Jawon Medical, South Korea).
“Body mass index was calculated using the formula [weight (kg)]/[height (m)?].
Ns = nonsignificant; ***Significant at P < 0.001; sp = standard deviation.
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2002). Therefore, training to improve beta
and gamma bands has been conducted in neu-
rofeedback research for improving memory
and cognitive function in the elderly. Contin-
uous improvement of beta bands improves
individual cognitive ability and of gamma
bands leads to improvement of recollection in
long-term memory and perceptual binding
(Egner and Gruzelier, 2001, 2004; Keizer
et al., 2010). Accordingly, increased beta and
gamma band activities when transplanting
plants and washing leaves was considered to
reflect cognitive activity in the elderly.

Profile of mood states. The subjective eval-
uation of the mood states, according to the hor-
ticultural and nonhorticultural activities, was
performed using the POMS questionnaire. The
results of the POMS demonstrated that the
TMD scores were the lowest when arranging
flowers, transplanting, and washing leaves,
indicating that they induced positive mood
states (P < 0.001) (Fig. 6C). Regarding sex,
there were no significant differences in the
TMD scores of the different activities in
the male participants (P > 0.05) (Fig. 6A). The
female participants experienced the most posi-
tive mood states when arranging flowers (P <
0.001) (Fig. 6B).

Discussion

This study was conducted using EEG to
investigate the effects of indoor horticultural
activities compared with those of nonhorti-
cultural activities on the cognitive function of
elderly people. The results revealed that the
brain activity of elderly people was higher
when washing leaves, transplanting plants,
and reading news, as evidenced by the
increase in RB, RG, and RLB power spectra,
and the RST index in the prefrontal lobes
(Table 3). In addition, the result of the
POMS, which was conducted to evaluate the
subjective emotions according to the activi-
ties, showed that the participants experienced
more positive mood states during horticul-
tural activities than they did during nonhorti-
cultural activities (Fig. 6).

EEG is the recording of the electrical
activity of the brain; it can be divided into
different EEG frequency bands, such as theta,
alpha, beta, and gamma, which reflect differ-
ent cognitive, sensory, and motor processes
(Staufenbiel et al., 2014). The prefrontal cor-
tex, which is the anterior part of the frontal
cortex, plays a decisive role in the organiza-
tion of behavior, language, and cognitive
function; therefore, the activation of the pre-
frontal lobe indicates an improvement in
intellect and attention (Carter et al., 2019;
Fuster, 2002). In particular, decreased frontal
lobe function has been associated with the
age-related impairment of episodic memory
(Buckner, 2004; Butler et al., 2004; Fjell and
Walhovd, 2010).

In this study, during activities such as
transplanting plants, washing leaves, and
reading news, the RB and RG power spectra
were significantly increased in the prefrontal
lobes of elderly people (Table 3). In previous
studies, a beta power decrease was
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considered to reflect cortical degenerative
changes (Gloor et al., 1977), and an increased
beta band activity (12-20 Hz) has been asso-
ciated with improvements in memory (Hansl-
mayr et al, 2012), language processing
(Weiss and Mueller, 2012), motor functions
(Baker, 2007), and attention (Fan et al,
2007). EEG gamma band activity has also
been linked to fluid intelligence and memory
functions (Jausovec and JauSovec, 2005;
Sederberg et al., 2003). Beta and gamma
power spectra have both been associated with
cognitive and memory functioning in general,
and gamma activity has been associated with
age-related cognitive decline; therefore,
increasing the gamma or beta activity may
help improve or maintain cognitive function
in elderly people (Staufenbiel et al., 2014).
Thus, in this study, the increase in beta and
gamma power in the prefrontal lobes during
horticultural and news-reading activities
implies the possibility of improvement in the
cognitive function of elderly people.

The RLB and RST indices obtained during
activities such as transplanting plants, washing
leaves, sowing seeds, and reading news were
significantly increased in the prefrontal lobes
compared with those obtained during other
activities (Table 3). The RLB index refers to a
frequency band in the lower area of the beta
power spectrum that is related to cognitive
functions, such as reaction time, complex psy-
chomotor skills (Doppelmayr and Weber,
2011; Ros et al., 2009), improved memory
(Barnea et al., 2005; Hoedlmoser et al., 2008;
Vernon et al., 2003), and spatial ability (Dop-
pelmayr and Weber, 2011). The theta waves
in the 4-7 Hz range occur in a shallow-sleep
state or during rapid-eye-movement sleep
(Han and Hong, 2017). In a previous study, it
was reported that the relative theta waves of
elderly people gradually increase with age
(Remond, 1978), an increase in the degree of
cognitive impairment, and a decrease in the
hippocampal volume (Grunwald et al., 2001;
Prichep et al., 1994). Thus, the RST index,
which was calculated as the ratio of low-beta
power to theta power, can also be regarded as
an indicator of cognitive function in elderly
people, while an increase in the RLB and RST
indices during horticultural and news-reading
activities indicates increased cognitive activity
in the prefrontal lobes.

A previous study reported that the levels of
the brain nerve growth factors BDNF and
PDGF in elderly people were significantly
increased when performing 20 min of low- to
moderate-intensity gardening activities (Park
etal., 2019). In addition, a study aimed at devel-
oping and conducting a total of 14 horticultural
therapy programs focused on indoor horticul-
tural activities for the cognitive rehabilitation
of patients with dementia reported a cognitive
therapeutic effect that improved the rate of
sugar metabolism in the temporal-parietal
lobe of patients with Alzheimer-type demen-
tia (Cho, 2008). Therefore, the EEG results in
this study are believed to be due to the genera-
tion and loss of nerve cells in the hippocam-
pus, and changes in the metabolic processes in
the cortex as a result of the horticultural
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activities may also have influenced changes in
brain waves (Rae-Grant et al., 1987; Vinogra-
dova, 1995).

The results of this study showed that there
were gender differences in the EEG responses
of the elderly according to the nonhorticultural
activities and horticultural activities. In previ-
ous studies, when performing cognitive tasks
such as divergent thinking (Razumnikova,
2004), intensive assignment (Kim et al., 2020),
and spatial and analytic tasks (Corsi-Cabrera
et al., 1993), changes in EEG between genders
were also reported differently. This can be
explained by the structural and functional dif-
ferences of the brain between genders such as
cerebral blood flow (Gur et al., 1982), psy-
choneuroendocrine response to stress and to
challenging situations (Frankenhaeuser et al.,
1978), and morphological, neurochemical, and
neurophysiological data of the sex dimorphism
in hemispheric interactions (Kimura, 1987;
Shaywitz et al., 1995; Volf and Razumnikova,
1999; Zaidel et al., 1995). Although the origin,
anatomical, or functional conclusions of the
observed gender differences cannot be drawn
due to the nature of this experiment, the find-
ings of this study are supported by previous
findings that males had a higher contribution of
relative beta power to total power than females
in a variety of situations, such as at rest (Corsi-
Cabrera et al., 1989), cognitive tasks (Corsi-
Cabrera et al., 1993), and information process-
ing (Beaumont et al., 1978).

In conclusion, we revealed that horticul-
tural activities such as washing leaves, sow-
ing seeds, and transplanting plants, when
performed as leisure activities, have a posi-
tive effect on cognitive function by increasing
brain activity in elderly people. The results of
this study demonstrated significantly higher
brain activity levels in the elderly during
these activities than those during the general
leisure activities, such as watching TV pro-
grams, playing card games, and doing facial
exercises. In addition, horticultural activities
had a positive effect on the emotional stabil-
ity of elderly people in this study.

Increased changes in brain activity such
as increasing gamma or beta activity may
lead to improving or maintaining cognitive
and memory functioning (Staufenbiel et al.,
2014). Therefore, for the elderly, performing
a regular horticultural activity for leisure
could activate their brain waves, which could
lead to the recovery and improvement of cog-
nitive and emotional function.

Further studies are needed to explore
the effects of extended performance of various
horticultural activities in patients with demen-
tia or in those who are cognitively disabled
to assess their cognitive health. Moreover, a
follow-up study to determine the cognitive
correlation between neural factors in the hippo-
campus and brain waves through horticultural
intervention would be interesting. In addition,
studies are warranted on the causes of the dif-
ferences in the brain waves and subjective
mental state between genders when performing
horticultural activities.
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Fig. 6. Comparisons of the total mood disturbance (TMD) score in the Profile of Mood States (POMS) questionnaire between activities performed by (A)
male (n = 29), (B) female (n = 29), and (C) all participants (N = 58). ***P < 0.001; NS = nonsignificant as determined by one-way analysis of variance.
Post-hoc analysis: a > b > ¢ by Duncan’s multiple range test.
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