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Abstract: This study was designed to assess the physiological and psychological benefits of visually
looking at foliage plants in adults. This study involved 30 adults in their 20s (11 males, 19 females),
and using a crossover design, participants looked at four different types of visual stimuli, namely,
real plants, artificial plants, a photograph of plants, and no plants for 5 min. Brain waves were
measured while viewing each type of plant, and a subjective evaluation of emotions was performed
after each visual stimulus. Semantic differential methods (SDM) and Profile of Mood States (POMS)
were used for the subjective evaluation. During the real plant visual stimulation, relative theta (RT)
power spectrum was increased in the bilateral occipital lobes, while relative high beta (RHB) power
spectrum was reduced in the left occipital lobe, indicating a reduction in stress, anxiety, and tension.
The subjective survey results revealed that when looking at real plants, the participants exhibited
significantly higher “comfort,” “natural,” and “relaxed” scores as well as an increase in positive
mood conditions. In conclusion, among the four types of plants, visual stimulation with real plants
induces physiological relaxation in adults and has a positive psychological effect.

Keywords: brain waves; electroencephalography; horticultural therapy; profile of mood states;
semantic differential methods

1. Introduction
1.1. The Effects of Natural Environment on Human Psychophysiology

Modern urbanized societies are isolating people from their natural environment and
reducing contact with nature [1]. Environmental stress (e.g., neon signs, noise, and air
pollution) exacerbates psychological health by significantly increasing fatigue and stress
in people living in cities [2]. Nature, on the other hand, provides social and psycholog-
ical benefits, improves human quality of life, promotes positive feeling, and accelerates
physiological recovery [3,4]. As such, the quality of urban environments contributes to
human health and well-being, and the incorporation of nature into urban environments
helps individuals cope with negative moods and stress [5,6]. In fact, Cohen [7] argues
that modern people prefer the natural environment to that of urban ones as an escape
from the overload of modern society, and that psychological recovery can be achieved
through exposure to the natural environment. Additionally, the Savannah theory [8] further
supports this idea, suggesting that humans instinctively prefer nature.

Kaplan and Kaplan [9] argued that the inherent eco-environment elements in na-
ture induce people’s attention, which effectively restores attention as well as positively
affects mental fatigue and relives stress. In line with this, one study reported that when
humans are exposed to external stress, their emotional, attentive, and physical recovery is
faster and more complete when exposed to a natural environment compared to an urban
environment [2]. Based on these theories, numerous studies comparing the benefits of
urban versus natural environments have been conducted. For example, decreased cortisol
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concentrations, reduced pulse, increased stability of the autonomic nervous system [10],
decreased blood pressure, and increased alpha and theta waves [11] have all been reported
in individuals exposed to a natural environment. It has also been reported that the propor-
tion of green spaces in living environments affects general health, in addition to proving
significant social and emotional benefits [6,12].

1.2. A Prior Study on the Effects of Plants on Human

In addition, plant-based activities are known to provide significant benefits to indi-
viduals. For example, horticultural activities in children have been shown to improve
peer relationships, social skills, self-efficacy, and emotional intelligence as well as reduce
the incidence of depression [13–16]. Furthermore, horticulture activities been shown to
reduce depression and anxiety, increase self-identify, and increase levels of brain-derived
neurotrophic factor (BDNF) in older adults, leading to improved cognitive function [17–19].
Horticultural activities can also help improve hand function and improve muscle activity
in the upper and lower extremities [20–23].

Various studies have been conducted assessing the physiological and psychological
changes that occur in the visual stimulation with green plants in adults. For example,
one study comparing white walls to plants as visual stimuli, found that looking at plants
increased the participant’s alpha waves and blood pressure while decreasing their heart
rate [24]. Furthermore, another study comparing no plants to real plants as visual stimuli
found that when the participants looked at real plants, there was a reduction in hemoglobin
oxide levels in the prefrontal lobe and they reported feeling physiologically relaxed [25].
In addition, plants are known to provide a sense of comfort, and the feeling of being
in nature also positively impacts creativity and concentration [26–28]. Another study
found that when subjects looked at the natural environment indoors, they experienced a
reduction in anxiety and tension, increased alpha and beta waves, and a reduction in blood
pressure [29,30].

Taken together, the importance of the natural environment and its positive effects
on humans are confirmed. Although there are various of psychophysiological studies
assessing exposure to natural environments in adults, studies assessing the effects of
different types of exposure to green plants are lacking. Therefore, this study was conducted
to measure changes in brain waves and subjective emotional changes induced by various
type of green plant visual stimuli in adults.

2. Materials and Methods
2.1. Participants

This study included 11 males and 19 females in their 20s. This study referred to previ-
ous studies on psychophysiology and set the number of subjects to 30. Previous studies
on the psycho-physiology of horticultural activities were conducted with 30 subjects in a
single group without a control group [27,31]. To recruit participants, other subjects were
introduced and recruited through subjects who completed the study using the snowball
sampling method. Only right-handed participants were included in this study based on
previous research demonstrating that people of different handedness differed in their brain
activity by Tarkka and Hallett [32]. In addition, it was based on those who are not currently
suffering from a specific disease [24]. Participants were asked to fast for 2 h before the
experiment in order to eliminate the potential effects of caffeine that naturally occurs in
various foods, which may stimulate the brain [33]. Before the experiment, participants
received an explanation of the details of the study, after which they provided their in-
formed consent, and their demographic information was collected through a questionnaire.
Subsequently, the participant’s height, weight, and body mass index (BMI) (ioi 353; Jawon
Medical, Gyeongsan, South Korea) were measured. This study was conducted with the
approval of Konkuk University’s Institutional Review Board (7001355–202004-HR-376).
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2.2. Experimental Environment

This study was conducted in a space (220 cm × 190 cm) at Konkuk University in Seoul,
South Korea. The conditions of the experimental space were as follows: 25.22 ± 2.79 ◦C;
average relative humidity, 27.16 ± 9.87%, and average light intensity, 3577.90 ± 1968.60 lux.
During the experiment, an ivory curtain was placed on the front and both sides of the
experimental space to minimize external stimulation, and white sheets were attached to
the desk. The height of the chair was adjusted according to the height of the participants,
and the chair was placed in the center of the desk (Figure 1).
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Figure 1. Experimental condition: (a) experimental room; (b) arrangement during the experiment.

2.3. Experimental Materials and Treatment

In this study, visual stimuli were used with four different plant types (Figure 2): (1) no
plants, (2) a photograph of plants, (3) real plants, and (4) artificial plants. White flowerpots
(width 45 cm, height 15 cm) were used for all treatments. Each treatment was prepared
as follows: (1) no plants: Horticultural soils were used without planting plants; (2) a
photograph of plants: A life-size color photograph of the living plants that we used as real
plant stimulants was printed; (3) real plants: 13 Pots of Epipremnumaureum were planted in
a flowerpot and arranged to look full of green; (4) artificial plants: artificial plants similar
to the E. aureum were used as real plant stimulants.

2.4. Experimental Procedure

Before visual stimulus began, the participant was directed to look at the white screen
for 1 min in order to minimize visual stimulation. Visual stimulation processing of the
four different stimuli was randomized, and brain waves measured for 5 min per treatment
(Figure 3).
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Figure 3. Experimental protocol. EEG, electroencephalography.

While measuring brain waves, the participants were directed to not move or speak.
After the visual stimulation of each treatment, two questionnaires were conducted to record
the subjective emotions of the participants, followed by 1 min of rest, before moving on to
the next visual stimulation. The experiment concluded after visual stimulation of all four
treatments was completed. The average experimental time per subject was approximately
29.68 ± 4.71 min (Figure 4).

2.5. Measurement

A wireless dry electroencephalography (EEG) device (Quick-20l Cognionics, San Diego,
CA, USA) was used to measure the participants’ brain waves during visual stimulation of
each treatment. This EEG device is a dry electrode system rather than a wet device with
electrolyte gel, which minimizes the risk of electric shock. In addition, it has the advantage
of quicker setup time, increased versatility, and improved mobility [34]. This device
has been safety certified by the European Commission and the Federal Communications
Commission [31]. Brain waves were measured using a brain mapping program (Bioteck
Analysis Software; Daejeon, Korea) to determine the average EEG during the experiment.

The electrodes were attached to the left earlobe (A1), according to the International
10–20 Electrode Placement System [35]. In addition, electrodes were attached to a total
of eight channels to measure brain waves: the left prefrontal lobe (Fp1), right prefrontal
lobe (Fp2), left frontal lobe (F3), right frontal lobe (F4), left parietal lobe (P3), right parietal
lobe (P4), left occipital lobe (O1), and right occipital lobe (O2) (Figure 5). The reference
electrode was attached to the left earlobe (A1) and the EEG was measured using the O1
and O2 channels, which are involved in vision [36].
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San Diego, CA, USA); (b) International electrode arrangement [35].

The Semantic differential method (SDM) developed by Osgood [37] and measures emo-
tions with adjectives. SDM is 13-point Likert scale consisting of three items: “comfortable-
uncomfortable,” “natural-artificial,” and “relaxed-awaken.” Higher scores indicate a posi-
tive emotional state. Profile of mood states (POMS) were developed by McNair et al. [38].
POMS measure a transient mood or emotional state that varies with the environment
in which the subject is present. The questionnaire contains 30 questions, consisting of
tension-anxiety (T-A), depression (D), anger-hostility (A-H), fatigue (F), confusion (C), and
vigor (B). The total mood disorder (TMD) score is evaluated by summing the values of
each question [(T-A) + (D) + (A-H) + (F) + (C)-(V)]. Lower TMD values indicate a positive
emotional state.

2.6. Data Analysis

The EEG data were analyzed using Biotech Analysis Software (Daejeon, South Korea).
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) based on frequency [39]. Each frequency can be



Int. J. Environ. Res. Public Health 2021, 18, 12932 6 of 12

interpreted in a different sense: theta waves indicate shallow sleep, alpha waves indicate
relaxation, beta indicate mental activity, and gamma waves indicate anxiety or excite-
ment [40]. In this study, relative theta (RT) power spectrum, meaning relaxation, and
relative high beta (RHB) power spectrum, meaning stress, were analyzed (Table 1).

Table 1. EEG power spectrum indicators used in the study [39].

Analysis Indicators The Full Name of the EEG Power
Spectrum Indicator Wavelength Range (Hz)

RT Relative theta power spectrum (4–8)/(4–50)
RHB Relative high beta power spectrum (20–30)/(4–50)

The results of the EEG, SDM, and POMS for each stimulus were analyzed using
IBM SPSS Statistics for Windows (version25; IBM Corp., Armonk, NY, USA). One-way
analysis of variance, and Duncan’s multiple range tests were performed. All significance
levels were set to p < 0.05. To analyze demographic information, Microsoft excel (Mi-
crosoft Office 365 ProPlus; Microsoft, Redmond, WA, USA) was used to determine the
descriptive statistics.

3. Results
3.1. Descriptive Characteristics

The average age of the subjects in this study was 26.4 ± 1.9 years, with 11 (36.7%) men
and 19 (63.3%) women for a total of 30 participants. The average height was 165.6 ± 9.9 cm,
and the average weight was 64.2 ± 12.5 kg. The average BMI was 23.4 ± 3.3 kg·m−2, which
is within the normal range according to World Health Organization standards of the Korea
Centers for Disease Control and Prevention (Table 2).

Table 2. Descriptive characteristics (n = 30).

Variable
Male (n = 11) Female (n = 19) Total (N = 30)

Mean ± SD 1

Age (years) 26.36 ± 1.96 26.47 ± 1.90 26.43 ± 1.89
Height (cm) 175.55 ± 3.14 159.56 ± 7.21 165.62 ± 9.87

Body weight (kg) 75.28 ± 9.34 57.34 ± 8.74 64.15 ± 12.49
Body mass index (kg·m−2) 2 23.43 ± 3.26 22.83 ± 3.43 23.43 ± 3.26

1 Standard deviation 2 Body mass index = Weight/Height2 .

3.2. Electroencephalography (EEG)

The RT power spectrum was significantly higher in the left occipital lobe when
participants were looking at the real plant (95% CI 0.18–0.22), and the RT power spectrum
was significantly higher in the right occipital lobe when participants were looking at either
the real (95% CI 0.18–0.21) or artificial plants (95% CI 0.18–0.21) (p < 0.05). The RHB power
spectrum was significantly lower in the left occipital lobe when participants were looking
at the real plant (95% CI 0.17–0.18) (p < 0.05). However, no significant difference was found
in the right occipital lobe (Table 3).

Increased RT power spectrum is indicative of physiological relaxation [41,42], and
increased RHB power spectrum indicates increased stress and anxiety [43,44]. Therefore,
in this study, when looking at a real plants, the participants experienced physiological
relaxation as well as a reduction in stress and anxiety.
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Table 3. Results of the relative theta (RT) and relative high beta (RHB) power spectrum according to electroencephalography (EEG).

EEG Activity

RT 1 RHB 2

O1 3 O2 4 O1 O2

Mean ± SD 5

Total
(N = 30)

No plants 0.16 ± 0.04 b 7 0.17 ± 0.04 b 0.19 ± 0.02 a 0.19 ± 0.02
A photograph of plants 0.18 ± 0.04 ab 0.18 ± 0.03 ab 0.19 ± 0.02 a 0.18 ± 0.02

Real plants 0.20 ± 0.06 a 0.19 ± 0.04 a 0.17 ± 0.02 b 0.18 ± 0.02
Artificial plants 0.19 ± 0.04 ab 0.19 ± 0.04 a 0.18 ± 0.02 ab 0.18 ± 0.02

P 6 0.015 * 0.017 * 0.015 * 0.226 NS

1 RT power spectrum was calculated by (theta (4 to 8 Hz) power)/(total frequency (4 to 50 Hz) power). 2 RHB power spectrum was
calculated by (high beta (20 to 30 Hz) power)/(total frequency (4 to 50 Hz) power). 3 O1 = left occipital lobe 4 O2 = right occipital lobe.
5 Standard deviation. 6 Statistical significance as determined using one-way analysis of variance. NS = Nonsignificant, * p < 0.05 by
one-way analysis of variance. 7 Post hoc analysis: a > b according to Duncan’s multiple range tests.

3.3. Results of the Subjective Mood Evaluation According to the Type of Visual
Stimulation Presented

An evaluation of SDM based on visual stimulation of green plants showed signifi-
cantly higher “comfort” (p < 0.001) when looking at real plants and artificial plants, and
significantly higher “natural” (p < 0.001) and “relaxed” (p < 0.001) scores when looking at
real plants (Figure 6).
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Mean ± SD 5 
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(N = 30) 
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Real plants 0.20 ± 0.06 a 0.19 ± 0.04 a 0.17 ± 0.02 b 0.18 ± 0.02 

Artificial plants 0.19 ± 0.04 ab 0.19 ± 0.04 a 0.18 ± 0.02 ab 0.18 ± 0.02 

P 6 0.015 * 0.017 * 0.015 * 0.226 NS 
1 RT power spectrum was calculated by (theta (4 to 8 Hz) power)/(total frequency (4 to 50 Hz) 
power). 2 RHB power spectrum was calculated by (high beta (20 to 30 Hz) power)/(total frequency 
(4 to 50 Hz) power). 3 O1 = left occipital lobe 4 O2 = right occipital lobe. 5 Standard deviation. 6 Sta-
tistical significance as determined using one-way analysis of variance. NS = Nonsignificant, * p < 
0.05 by one-way analysis of variance. 7 Post hoc analysis: a > b according to Duncan’s multiple 
range tests. 
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The POMS was divided into six areas for analysis. The vigor (V) score was significantly
higher when looking at real plants compared to the other treatments (p < 0.01) (Figure 7a).
Participants also showed significantly lower TMD values when looking at real plants
(p < 0.01) (Figure 7b).
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Figure 7. (a) Comparisons of tension-anxiety (T-A), depression-dejection (D), anger-hostility (A-H), vigor (V), confusion (C),
and fatigue (F) based on the Profile of Mood States (POMS) questionnaire for each activity; (b) Comparisons of the total
mood disturbance (TMD) score in the POMS questionnaire between conditions. NS = non-significant, ** p < 0.01 according
to a one-way analysis of variance. Post hoc analysis: a > b > c according to Duncan’s multiple range tests.

4. Discussion

This study aimed to identify brainwave changes caused by four different types of
green plant visual stimuli in adults. We found that RT power spectrum was significantly
increased in the occipital lobe and that the RHB power spectrum was significantly decreased
when the participants looked at real plants (Table 3). In other words, looking at real plants
can induce physiological relaxation and reduce stress, tension, and anxiety.
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The occipital lobe measured in this study constitutes the posterior part of the cerebral
hemisphere [45], which is an important area of the central nervous system responsible for
vision as well as integrating visual information [36,46]. Importantly, theta waves occur at a
frequency of 4–8 Hz [40] and appear when a person is in shallow sleep with their eyes closed
or in a state of deep relaxation, such as during meditation or hypnosis [41,42]. It is also
associated with deep internalization and quiet physical, emotional, and critical thinking
activities [47]. The beta wave improves concentration and attention with 13 to 30 Hz of
fast waves [40]. Beta waves are subdivided into low beta waves, medium beta waves, and
high beta waves, with high beta waves ranging from 20 to 30 Hz [48], appearing in muscle
tension and elevated blood pressure, tension and anxiety, and stress [43,44]. Therefore,
in this study, the RT power spectrum increases and the RHB power spectrum decreases,
producing a feeling of comfort simply by looking at a real plant, which leads to a clear
mind as well as a reduction in anxiety and stress.

The results of the SDM revealed that while participants felt comfortable when look-
ing at real or artificial plants, they felt natural and relaxed when looking at real plants
(Figure 6). Based on the results from the POMS questionnaire, when looking at real plants,
participants felt vigor and their mood was improved (Figure 7). Importantly, plants have
been previously reported to positively influence mood and improve the emotional state
of humans. For example, Elsadek et al. [49] found that when looking at a green wall with
plants versus a normal wall without plants, the participants felt comfortable, a sense of
nature, relaxed, and had reduced TMD scores. Furthermore, when looking at real plants or
no plants, participants felt comfortable, a sense of nature, and were relaxed, while when
looking at real plants, their vigor score was high, and the TMD score was low [25]. Finally,
visual stimulation studies comparing real plants and no plants have found lower blood
pressure and lower anxiety scores in participants looking at real plants [50]. Along these
lines, we found that the subjective emotions and mood states were positive when partici-
pants were looking at the real plants, which is thought to have influenced the subjective
state of the physiological relaxation resulting from the increase in RT power spectrum and
the decrease in RHB power spectrum measured via EEG.

The color green is linked to positive emotions such as nature, comfort, and peace [51,52]
and is characterized by low anxiety, comfort, and stability [53]. Furthermore, green in-
creases creativity compared to other colors [54], and reduces fatigue and anxiety as well
as producing a positive psychological response characterized by high vitality and relax-
ation [55]. In fact, a previous study found participant’s preferred green plants over plants of
other colors, and that looking at green plants reduced prefrontal cortex cerebral blood flow,
which was effective in promoting positive reactions such as relaxation and vitality [56].
Wilson’s [57] Biophilia theory argues that humans have a positive inheritance to nature,
preferring the natural environment, and developing emotional bonds with other living
creatures. Furthermore, Kaplan and Kaplan [9] proposed the attention restoration theory,
arguing that exposure to the natural environment is effective in restoring one’s attention.
These theories related to the natural environment are supported by the fact that humans
are attracted to green plants, and that green visual stimuli induces a state of physiological
relaxation and reduces stress.

A previous study related to visual stimulation of plants found that brain functions
were more active when participants were exposed to green plants [58]. Studies assessing
changes in the autonomic nervous system after looking at a green landscape compared to
an urban landscape found increased theta waves [11] and an increase in parasympathetic
nerve activity [49]. In addition, a study comparing a real plant to no plant as visual stimuli
found significantly lower levels of oxidized hemoglobin in the right prefrontal lobe when
the participants were looking at the real plant, indicating a physiologically relaxed state [25].
Another study that compared the visual stimuli of living flowers and artificial flowers
found that sympathetic nerve activity was decreased when participants were looking at
the living flowers [26]. While previous studies compared visual stimuli according to the
presence or absence of plants, this study presented different types of green plant visual
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stimuli. We found that real plants provide comfort to humans by inducing a state of
relaxation and reducing stress. Recently, indoor plants have been attracting attention due
to the effects of air purification and emotional aspects, and based on the results of this study,
placing real plants indoors rather than artificial plants or plant photographs may be more
effective in terms of psychophysiology and psychology. The limitations of this study are
that it was not possible to investigate various age groups due to the age limitation, as the
subjects were adults in their 20s, and because the subjects were artificially selected using
the snowball sampling method. Therefore, it is thought that it will be difficult to apply
the results of this study to various age groups. In the future, it is necessary to apply it to
various age groups, as it is necessary to randomly recruit subjects and conduct experiments.
In addition, further research will be needed in consideration of the color, shape, and texture
of plants.

5. Conclusions

This study is a study to measure the psychophysiology and psychological response of
adults by categorizing green plants. As a result, visual stimulation from real plants was
effective in inducing physiological and psychological relaxation in adults. It is thought that
continuous exposure of green plants will help improve human quality of life by eliciting
positive emotions. This study demonstrated why humans should be closer to plants, and
based on the results of this study, it could be used to apply and develop programs using
green plants.
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