
HORTSCIENCE • https://doi.org/10.21273/HORTSCI15522-20

Comparing Concentration Levels and
Emotional States of Children Using
Electroencephalography during
Horticultural and Nonhorticultural
Activities
Seon-Ok Kim and Ji-Eun Jeong
Department of Bio and Healing Convergence, Graduate School, Konkuk
University, Seoul 05029, Korea

Yun-Ah Oh and Ha-Ram Kim
Department of Animal and Plant Assisted Therapy, Graduate School of
Agriculture and Animal Science, Konkuk University, Seoul 05029, Korea

Sin-Ae Park
Department of Bio and Healing Convergence, Graduate School, Konkuk
University, Seoul, 05029, Korea; and Department of Systems Biotechnology,
Konkuk Institute of Technology, Konkuk University, Seoul 05029, Korea

Additional index words. electroencephalography, gardening, horticultural therapy, semantic
differential method

Abstract. This study aimed to compare the brain activity and emotional states of elementary
school students during horticultural and nonhorticultural activities. A total of 30 participants
with amean age of 11.4 ± 1.3 yearswere included. This experimentwas conducted atKonkuk
University campus in Korea. Participants performed horticultural activities such as
harvesting, planting, sowing seeds, and mixing soil. Nonhorticultural activities included
playing with a ball, solving math problems, watching animation videos, folding paper, and
reading a book. The study had a crossover experimental design. Brain activity of the
prefrontal lobes was measured by electroencephalography during each activity for 3
minutes. On completion of each activity, participants answered a subjective emotion
questionnaire using the semantic differential method (SDM). Results showed that relative
theta (RT) power spectrum was significantly lower in both prefrontal lobes of participants
when engaged in harvesting and reading a book. The relative mid beta (RMB) power
spectrum was significantly higher in both prefrontal lobes when participants engaged
in harvesting and playing with a ball. The ratio of the RMB power spectrum to the RT
power spectrum reflects concentration. This ratio increased during harvesting activity,
indicating that children’s concentration also increased. The sensorimotor rhythm
(SMR) from mid beta to theta (RSMT), another indicator of concentration, was
significantly higher in the right prefrontal lobe during harvesting than during other
activities. Furthermore, SDM results showed that the participants felt more natural
and relaxed when performing horticultural activities than nonhorticultural activities.
Horticultural activities may improve brain activity and psychological relaxation in
children. Harvesting activity wasmost effective for improving children’s concentration
compared with nonhorticultural activities.

Horticultural activities have a variety of
positive effects on humans. According to
previous studies that measured metabolic
equivalents (METs) when performing horti-

cultural activities, horticultural activities
such as planting transplants, sowing seeds,
harvesting, and mixing growing medium
were found to provide a wide range of phys-
ical activity with low to high intensity (2.4–
4.9 METs) (Park et al., 2011, 2013a, 2014a).
Various horticultural activities use the large
and small muscles of the upper and lower
body (Park et al., 2013b, 2014b) and can
effectively improve the functional ability of
the hands (Park et al., 2020), thereby devel-
oping body strength and bone density as a
result of weight-bearing exercises (Olivetti
et al., 2007) and enhancing the overall phys-
ical functional ability (Han et al., 2018).

Horticultural activities allow individuals
to develop emotional stability and express
emotions naturally through their partici-
pation with groups (Relf, 1992). Various
horticultural activity programs have been
effective for improving children’s emotional
intelligence, resilience, and self-efficacy
(Lee et al., 2020; Oh et al., 2020). Addition-
ally, the stress index values for interpersonal,
school, personal, and family problems of the
horticultural activity group were decreased
(Lee et al., 2018a). Furthermore, it has re-
cently been found that horticultural activity
can improve serum tryptophan, kynurenine,
and serotonin levels, which serve as bio-
makers for improved cognitive ability (Park
et al., 2020). Another study reported that
children exhibited increased brain activity
and concentration when tasks were per-
formed in spaces where plants were located
(Kim et al., 2020).

Previous studies have reported that the
visual stimulation of green plants has positive
effects on the psychological and physiologi-
cal aspects of individuals. Park et al. (2016)
and Ikei et al. (2014) reported that viewing
foliage plants induced psycho-physiological
relaxing effects by reducing prefrontal corti-
cal activity and increasing parasympathetic
activity and emotional states. Park et al.
(2017) found that tasks involving living
plants induced more physiological relaxation
because the concentration of oxy-hemoglobin
in the prefrontal cortex of the participants
was lowered. Additionally, Choi et al. (2016)
reported that only 5% of the indoor green index
could improve the heart rate variability and
stimulate the autonomic nervous system as
measured by electroencephalography (EEG),
thus providing benefits to physiological stabil-
ity. However, the subjects of these studies are
limited to adults and the elderly, and few studies
have involved children. Because the psycho-
physiological benefits of contact with plants
may vary by age, this study aimed to identify
the effects of horticultural activities on chil-
dren’s concentration and emotional states by
measuring the EEG results.

Materials and Methods

Participants. This study involved 30 ele-
mentary school students between 10 and 13
years of age. In previous studies investigating
the psycho-physiological effects of exposure
to plants on humans, 30 participants were
recruited as a single experimental group
without a control group and showed signifi-
cantly different results (Kim et al., 2020; Oh
et al., 2019). Research information was
posted on the bulletin boards of churches
and apartments near Konkuk University to
recruit participants. Students who wished
to participate in the study were required to
provide a consent form from their parents.
The inclusion criterion was right-hand dom-
inance because hand gestures between the
dominant and nondominant hand differ during
cortical activity (Tarkka and Hallett, 1990).
Additionally, participants were required to
fast for 2 h before the experiment. According
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to a study by Heckman et al. (2010), caffeine
and other ingredients found naturally in
various foods can stimulate the brain,
thereby affecting data. Before the experi-
ment, participants completed a question-
naire regarding their age, height, and
weight. We also their measured body mass
index (BMI) (ioi 353; Jawon Medical,
Gyeongsan, South Korea). On completion of
the study, participants received a $20 incen-
tive. This study was approved by the Institu-
tional Review Board of Konkuk University
(7001355-2017-10-HR-206).

Experimental condition. The experi-
ment environment was created in a space
(180 cm · 160 cm) at the campus of Konkuk
University in Seoul, South Korea. Ivory
curtains were installed on both sides of the
walls in front of the space, and white sheets
were attached to the desks to minimize
external stimuli during the experiment. The
conditions of the experimental space were as
follows: average temperature, 21.9 ± 3.4 �C;
average relative humidity, 26.5 ± 10.2%;
and average light intensity, 1184.7 ±
1094.5 lx.

Experimental procedure. This study had
a crossover experimental design (Kim
et al., 2020; Oh et al., 2019). Before com-
mencing the experiment, the participants
rested for 1 min on chairs in the experi-
mental space. Then, the participants ran-
domly performed nonhorticultural and
horticultural activities for 3 min each. After
each activity, a questionnaire was conduct-
ed to record the subjective emotions of the
participants, followed by 1 min of rest. A
total of nine activities were performed be-

fore the experiment was concluded (Fig. 1).
The duration of the experiment per partic-
ipant was �70 min.

The activities were divided into four hor-
ticultural activities and five nonhorticultural
activities (Table 1). Horticultural activities
included harvesting red lettuce (Lactuca
sativa L.) planted in garden boxes (Fig. 2A).
The planting activity involved transferring
peperomia (Peperomia argyreia) to a pot (-
Fig. 2B). The sowing activity involved sowing
radish seeds (Raphanus sativus L.) in a sowing
tray (Fig. 2C). Finally, the soil-mixing activity
involved mixing horticultural soil (Fig. 2D).

In nonhorticultural activities, the ball-
play activity involved bouncing a basketball
in the experimental space (Fig. 2E). During
the math activity, participants solved arith-
metic problems excerpted from Korean na-
tional textbooks (Choi, 2015, 2017; Kang and
Choi, 2015, 2017) appropriate for their grades
(Fig. 2F). The video activity involved watch-
ing an animated television show called ‘‘Poke-
mon’’ (Fig. 2G). Before the paper-folding
activity, the participants were taught to fold
a paper airplane before the experiment. During
the experiment, they were instructed to fold
the paper in the manner in which they were
taught (Fig. 2H). The reading activity involved
reading Korean fairytales in an elementary
school textbook (Fig. 2I).

Measurement. A wireless dry EEG device
(Quick-20; Cognionics, San Diego, CA) was
used to measure the participants’ brain waves
during both nonhorticultural and horticultural
activities. This device minimizes the risk of
electric shock compared to the wet electrode
systems using electrolyte gel. Data were

collected by amplifying and processing elec-
trical signals measured via dry electrodes
applied to the scalp. This device has been
safety certified by the European Commission
and the Federal Communications Commis-
sion (Kim et al., 2020).

The electrode application adhered to the
international 10- to 20-electrode arrangement
system (Jasper, 1958). The reference elec-
trode was attached to the left earlobe (A1).
The EEG results were measured using chan-
nels of the left prefrontal lobe (Fp1) and right
prefrontal lobe (Fp2) involved in cognitive
function (Fig. 3) (Miller and Cohen, 2001).

The SDM was used to evaluate the partic-
ipants’ psychological responses to each activ-
ity. SDM was developed by Osgood et al.
(1957) to measure emotions using adjectives.
The SDM is rated using a 13-point Likert scale
and comprises three items: ‘‘comfortable–
uncomfortable,’’ ‘‘natural–artificial,’’ and
‘‘relaxed–awakening.’’ The higher the score,
the more positive the emotional state.

Data analysis. The EEG data were ana-
lyzed using Cognionics Data Acquisition
(Cognionics). Brain waves from the cerebral
cortex were classified as theta (4–8 Hz), alpha
(8–13 Hz), beta (13–30 Hz), and gamma (30–
50 Hz) waves according to the frequency band
(Sowndhararajan et al., 2015). The activation
of each frequency band can be interpreted as
having different meanings. For example, theta
waves indicate shallow sleep, alpha waves
refer to a stable condition, beta waves signify
brain activity, and gammawaves show anxiety
or excitement (Kim and Choi, 2001). This
study analyzed the RT power spectrum, RMB
power spectrum, and RSMT. The RT power
spectrum was obtained by dividing the theta
wave (4–8 Hz) by the total frequency (4–50
Hz). The RMB power spectrum was obtained
by dividing the mid beta wave (15–20 Hz) by
the total frequency (4–50 Hz). Finally, the
RSMT was obtained by dividing the SMR to
mid beta (12–20 Hz) by the theta wave (4–8
Hz) (Sowndhararajan et al., 2015).

The results of the EEG and SDM for each
activity were analyzed using IBM SPSS Sta-
tistics for Windows (version 25; IBM Corp.,
Armonk, NY). A one-way analysis of vari-
ance and Duncan’s multiple range tests were
used as the analysis methods, and the signif-
icance level was set at P < 0.05. To analyze
demographic information, Microsoft Excel
(Microsoft Office 365 ProPlus; Microsoft,
Redmond, WA) was used to determine the
descriptive statistics.Fig. 1. Experimental protocol. EEG, electroencephalography.

Table 1. Description of activities.

Division Activity Descriptions

Horticultural activities Harvesting Harvesting red lettuce (Lactuca sativa L.) from a garden box (100 cm · 39 cm · 39 cm)
Planting Plating peperomia (Peperomia argyreia) in a 10-cm pot
Sowing Planting radish (Raphanus sativus L.) seeds in a seed tray
Soil-mixing Using hands to mix soil in the basin

Nonhorticultural activities Ball-playing Playing ball space (171 cm · 171 cm). Bouncing basketball.
Math Solving math problems appropriate for each grade (e.g., 392 · 47; 14 + 2 · 13 – 86; 18 · 5 O 6; and 32 O 11)
Video Watching the animated television show ‘‘Pokemon: Catch the carp king!’’
Paper-folding Following the instructions for folding a paper airplane and then folding another paper airplane
Reading Reading fairy tale books
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Results

Demographic characteristics. There were
30 participants (11 males and 19 females).
The average age was 11.3 ± 1.3 years. The
average weight was 39.8 ± 11.3 kg. The
average height was 143.8 ± 10.9 cm. The
average BMI was 18.9 ± 3.3 kg·m–2, which is

within the normal range based on the stan-
dards of the Korea Centers for Disease Con-
trol and Prevention (Table 2).

EEG. When performing the harvesting,
video, and reading activities, the participants’
RT power spectrum decreased in both pre-
frontal lobes (P < 0.05) (Table 3). Because
the theta power is the reverse for attention
skills, this result indicated that the partici-
pants’ concentration increased (Han and
Hong, 2017). Moreover, the participants’
RMB power spectrum increased in the right
prefrontal lobes when performing the har-

vesting and ball-play activities. The increase
in the RMB power spectrum index signified
the activity of the brain. Therefore, this result
showed that there was brain activation in
participants when performing the harvesting
and ball-play activities. The RSMT analysis
showed that activity was significantly higher
in the right prefrontal lobes of the children
when performing the harvesting activity than
during other activities. The RSMT was cal-
culated as the beta wave and theta wave,
which are indicators of concentration and
attention ability (Lubar, 1991; Lubar et al.,

Fig. 2. Experimental performance appearance: (A) harvesting, (B) planting, (C) sowing, (D) soil-mixing, (E) ball-play, (F) math, (G) watching a video, (H) paper-
folding, and (I) reading activities.

Table 2. Descriptive characteristics of participants.

Variables

Gender % (N)
Male 36.7 (11)
Female 63.3 (19)

Mean ± SD

Age (n = 30) 11.3 ± 1.3
zWeight (kg) (n = 29) 39.8 ± 11.3
yHeight (cm) (n = 29) 143.8 ± 10.9
xBody mass index (kg·m–2) (n = 29) 18.9 ± 3.3
zBody weight was measured using a body fat analyzer (ioi 353; Jawon Medical, South Korea).
yHeight was measured using an anthropometer (Ok7979; Samhwa, Seoul, South Korea) without shoes.
xBody mass index was calculated using the formula, [weight (kg)]/[height (m)2].

Fig. 3. Electrode locations of the international 10–
20 system for electroencephalography (EEG).
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1995). Therefore, the harvesting activity ef-
fectively improved the brain activity and
concentration of participants.

Subjective emotion assessment. The re-
sults of the SDM survey showed that partici-
pants felt more positive when performing
horticultural activities than when performing
nonhorticultural activities. There was no sig-
nificant difference in the ‘‘being comfortable’’
item scores, although engaging in horticultural
activities led to higher scores than engaging in
non-horticultural activities (Fig. 4A). The
‘‘being natural’’ item scores were significantly
higher when performing horticultural activi-
ties rather than when performing nonhorticul-
tural activities (Fig. 4B), and the ‘‘being
relaxed’’ item scores were significantly higher
when performing horticultural and reading
activities when compared with the other ac-
tivities (Fig. 4C).

Discussion

We investigated the effects of horticul-
tural activities and compared them with those
of nonhorticultural activities on children by
measuring psycho-physiological aspects, such
as the EEG and subjective mood conditions.
The results showed that during the harvesting
activity, the RT power spectrum in the pre-
frontal lobes of the children significantly de-
creased, and that the RMB power spectrum
and RSMT in the right prefrontal lobe in-
creased significantly compared with other ac-
tivities. In addition, the SDM results showed
that children experienced more psychological
stability when performing horticultural activ-
ities compared to nonhorticultural activities.

During the harvesting activity, the RT power
spectrum index of the participants was signifi-
cantly decreased and the RMB power spectrum
and RSMT indexes were significantly increased
in the prefrontal lobes compared to those during
other activities (Table 3). The ratio of theta
waves and betawaves is related to concentration;
furthermore, these waves are subsequently re-

lated to mental activity, problem-solving, and
decision-making (Sauseng andKlimesch, 2008).
They occur naturally during intensive activities,
such as deep conversation, sports, and speeches
(Hassan et al., 2018a). Therefore, the RSMT and
RMB power spectrum indexes are indicators of
concentration; therefore, they indicate increased
concentration as the theta waves decrease and
beta waves increase (Lubar, 1991). An exces-
sively high frequency of theta waves indicates a
low level of attention and brain activity (Clarke
et al., 2002). For children with attention deficit
hyperactivity disorder (ADHD), theta waves are
higher than usual (Lazzaro et al., 2001). Lubar
(1991) presented the ratio of beta and theta
waves as a measure of distinguishing children
with and without ADHD. Children with ADHD
exhibit increased theta waves in the frontal lobe
and decreased frequency of beta waves (Chabot
and Serfontein, 1996). Therefore, the increase in
the RSMT and RMB power spectrum indexes
and the decrease of the RT power spectrum
index in the prefrontal lobes during harvesting
activity indicated that concentration had im-
proved. This is because children focused on
harvesting lettuce during harvesting activities
by looking at the color and size of lettuce in the
garden, selecting lettuce to be harvested, being
careful not to injure other lettuces, and grasp-
ing the bottom of the leaf stem to harvest
lettuce. In a previous study, Kim et al. (2020)
also reported that children’s brain activity and
attention skills were significantly increased
when performing tasks in spaces with plants
than in spaces without plants. Igarashi et al.
(2015) reported that the prefrontal lobes of
participants were activated when observing
plants. In addition, Lee et al. (2018b) reported
that the RSMT and RMB power spectrum
indexes increased after adults engaged in
plant-based activities. In this study, we mea-
sured and recorded brain waves in the pre-
frontal lobes of children. The prefrontal lobe is
the fastest developing area of a child’s brain
(Arden and Linford, 2008). Furthermore, the
prefrontal lobe is responsible for creativity
during cognitive processes and plays a key

role in attention, working memory, and
goal-oriented behavior (Fuster, 2002). It
has also been found to help organize expe-
riences over time (Knight and Grabowecky,
1995). Therefore, it can be said that the
frontal lobe is related to cognitive function
(Burgess et al., 2007; Sakai and Passingham,
2003).

The brain can be divided into left and right
hemispheres. The left hemisphere has linguistic
functions and is analytical, slow, and method-
ical during the processing of single information.
The right hemisphere oversees nonverbal func-
tions and is associated with parallel information
processing (Cohen, 1973; Xiong et al., 1998).
In this study, the results of the EEG during the
harvesting activity showed that the RMBpower
spectrum and RSMT indexes were activated in
the right brain hemisphere. This is consistent
with previous research that indicated that the
right hemisphere is activated in environments
with plants and during activities involving
plants (Kim et al., 2020; Lee et al., 2018b).

The SDM survey results showed that the
items indicating feelings of ‘‘being natural’’
and ‘‘being relaxed’’ had significantly higher
scores when performing horticultural activi-
ties. This is consistent with a previous study
that showed that children exhibited positive
emotional states when looking at foliage plants
(Oh et al., 2019). Similarly, adults also reported
feeling calmer and more comfortable when
engaging in plant-based activities (Hassan
et al., 2018b). Working with plants has been
shown to reduce anxiety (Hassan et al., 2019).
Tao et al. (2020) reported that the anxiety index
of adults decreased when performing horticul-
tural activities compared with that when per-
forming computer tasks. Shao et al. (2020)
compared engagement in horticultural activities
and smartphone games performed by children
and reported that the parasympathetic nerves
increased during horticultural activities. Addi-
tionally, skin conductance and sympathetic
nerves decreased, thereby reducing tension and
stress (Shao et al., 2020).

Table 3. Results of the relative theta (RT) power spectrum, relative mid beta (RMB) power spectrum, and ratio of sensorimotor rhythm (SMR) from mid beta to
theta (RSMT) according to electroencephalography (EEG).

EEG Activity

RTz RMBy RSMTx

Fp1 Fp2 Fp1 Fp2 Fp1 Fp2

Mean ± SD

Total
(N = 30)

Harvesting 0.27 ± 0.08 bv 0.27 ± 0.08 b 0.09 ± 0.02 ab 0.10 ± 0.04 a 0.66 ± 0.28 0.86 ± 1.10 a
Planting 0.31 ± 0.08 ab 0.31 ± 0.08 ab 0.09 ± 0.01 b 0.09 ± 0.01 b 0.53 ± 0.18 0.54 ± 0.19 b
Sowing 0.30 ± 0.08 ab 0.30 ± 0.09 ab 0.09 ± 0.02 b 0.09 ± 0.01 b 0.57 ± 0.25 0.54 ± 0.18 b
Soil-mixing 0.31 ± 0.08 ab 0.30 ± 0.07 ab 0.09 ± 0.01 b 0.09 ± 0.01 ab 0.54 ± 0.16 0.56 ± 0.15 b
Ball-playing 0.33 ± 0.09 a 0.33 ± 0.08 a 0.10 ± 0.03 a 0.10 ± 0.02 a 0.66 ± 0.39 0.58 ± 0.19 b
Math 0.33 ± 0.08 a 0.31 ± 0.07 ab 0.09 ± 0.02 b 0.09 ± 0.01 b 0.53 ± 0.21 0.53 ± 0.16 b
Video 0.28 ± 0.08 b 0.29 ± 0.07 b 0.09 ± 0.02 ab 0.09 ± 0.01 b 0.64 ± 0.32 0.56 ± 0.14 b
Paper-folding 0.31 ± 0.09 ab 0.30 ± 0.07 ab 0.08 ± 0.01 b 0.09 ± 0.01 b 0.52 ± 0.13 0.54 ± 0.13 b
Reading 0.27 ± 0.07 b 0.27 ± 0.07 b 0.09 ± 0.01 b 0.09 ± 0.01 b 0.60 ± 0.15 0.59 ± 0.16 b
Pw 0.026* 0.016* 0.006* 0.015* 0.100NS 0.042*

zRT power spectrum was calculated by [theta (4–8 Hz) power] / [total frequency (4–50 Hz) power].
yRMB power spectrum was calculated by [mid beta (15–20 Hz) power] / [total frequency (4–50 Hz) power].
xRSMT was calculated by [SMR-mid beta (12–20 Hz) power] / [theta (4–8 Hz) power].
wStatistical significance as determined using a one-way analysis of variance.
vStatistical significance as determined using Duncan’s multiple range tests.
Fp1 = left prefrontal lobe; Fp2 = right prefrontal lobe.
Post hoc analysis: a > b according to Duncan’s multiple range tests.
NS, *Nonsignificant or significant at P < 0.05, respectively.
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In conclusion, this study revealed that hor-
ticultural activities can increase the concentra-
tion in children and stabilize their emotional
state. Particularly, the harvesting activity was
most effective for improving children’s brain
activity and concentration. The results of this

study can be used as baseline data and scientific
evidence when developing a horticultural ther-
apy program to improve the concentration and
emotional stability of children. It is difficult to
generalize the results of this study because of
the small sample size. Therefore, further studies

should increase the number of participants and
analyze specific physiological mechanisms, in-
cluding comparisons between gender and age.
It would be interesting to compare the physio-
logical responses of adults with children in
future studies. Because this study was conduct-
ed in a controlled indoor experimental space,
further studies involving psycho-physiological
measurements and comparing the effects of
horticultural activities in natural spaces are
necessary.
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