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A B S T R A C T

BACKGROUND AND PURPOSE
Natural scenes like forests and flowers evoke neurophysiological responses that can sup-
press anxiety and relieve stress. We examined whether images of natural objects can elicit
neural responses similar to those evoked by real objects by comparing the activation of
the prefrontal cortex during presentation of real foliage plants with a projected image of
the same foliage plants.
METHODS
Oxy-hemoglobin concentrations in the prefrontal cortex were measured using time-
resolved near-infrared spectroscopy while the subjects viewed the real plants or a pro-
jected image of the same plants.
RESULTS
Compared with a projected image of foliage plants, viewing the actual foliage plants
significantly increased oxy-hemoglobin concentrations in the prefrontal cortex. However,
using the modified semantic differential method, subjective emotional response ratings
(“comfortable vs. uncomfortable” and “relaxed vs. awakening”) were similar for both
stimuli.
CONCLUSIONS
The frontal cortex responded differently to presentation of actual plants compared with
images of these plants even when the subjective emotional response was similar. These
results may help explain the physical and mental health benefits of urban, domestic, and
workplace foliage.

Introduction
Human evolution is an adaptation to nature; therefore, natural
scenes have significant effects on brain activity and physiologi-
cal responses, including stress responses.1 However, because of
progression in society over the past few centuries, humans have
experience stressful situations due to urbanization and artificial
environment.2–5 To date, we have accumulated large amounts
of data on the physiological relaxation effect derived from var-
ious aspects of nature.6–15 In contrast, recent developments in
image projection technology have enabled us to visualize im-
ages, such as natural environments with greater clarity. Accord-
ingly, familiar and convenient visual stimulation derived from
nature is expected. However, it remains unknown whether the
physiological effects of stimulation due to foliage plant images
are comparable to those due to real foliage plants. We exam-
ined potential differences in neurophysiological responses to

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and
distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

natural and projected scenes by measuring activation of the
prefrontal cortex in response to presentation of foliage plants
and projected images of the same plants.

Materials and Methods
Eighteen female university students (21.6 ± 1.5 years old) par-
ticipated in this experiment. They were sufficiently informed
about the aim and the procedure of this experiment, and all
subjects provided their written informed consent. This study
was performed according to the regulations of the Ethics Com-
mittee of the Center for Environment, Health, and Field Sci-
ences, Chiba University, Japan. Physiological measurements
were performed in an artificial climate chamber maintained at
25 ◦C with 50% relative humidity and 300 lux illumination.
For foliage plants, we used three dracaena plants (Dracaena
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Fig 1. Study protocol.

deremensis). Subjects viewed the three plants, sitting side-by-
side on the floor or a high-resolution image of the three plants
projected at the same size, luminosity, and position on a TV
screen (58V type, TH-58PZ800 by Panasonic). Figure 1 shows
the study protocol, Figure 2 the scene at rest (control, a box),
and Figure 3 the scene during visual stimulation (the plants).
The subjects viewed the stimuli in the following order: an ac-
tual cardboard box for 30 seconds (Fig 2, left), actual dracaena
plants for 3 minutes (Fig 3, left), a projected image of the card-
board box for 30 seconds (Fig 2, right), and finally, the pro-
jected image of the dracaena plants for 3 minutes (Fig 3, right).
The images were then presented in a different order (Fig 1,

lower). While viewing the plants and images, oxy-hemoglobin
(oxy-Hb) concentrations in the prefrontal cortex were mea-
sured using near-infrared time resolved spectroscopy using the
TRS-20 system (Hamamatsu Photonics K.K.).16,17 The oxy-Hb
concentrations in the left and right prefrontal cortex were mea-
sured at 1 Hz for the last 10 seconds of box presentation (real
or image, termed the pre-measurement condition) and during
the entire 3-minutes presentation of the plant or plant image
(postmeasurement condition). Data were transformed by linear
interpolation because the 1 Hz sampling rate was only approx-
imate. We used the oxy-Hb concentration difference between
the pre- and postmeasurements for analysis. We excluded ap-
proximately 30 seconds of data acquired while the assessor re-
moved the box from the experimental scene, because it would
cause cortical activation that was unrelated to object perception.
In addition to the neurophysiological measurements, subjects
gave a subjective evaluation of the emotional impact of the
image and plant using the modified semantic differential (SD)
method.18 The SD method uses three pairs of adjectives on
13 scales, including “comfortable–uncomfortable,” “relaxed–
awakening,” and “natural–artificial.” This SD rating test was
performed after presentation of the visual stimuli (Fig 1).

Statistical Package for Social Sciences software (v21.0, SPSS
Inc., Chicago, IL, USA) was used for all statistical analyses. Neu-
rophysiological responses to the plants and images were com-
pared by two-way analysis of variance (ANOVA) for repeated

Actual cardboard box Pictorial cardboard box

Fig 2. The scene at rest.

Fig 3. The scene during visual stimulation.
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Fig 4. Time-dependent oxy-Hb concentration changes in the pre-
frontal cortex while viewing dracaena plants or a projected image
of the plants. The oxy-Hb concentration shown is the difference be-
tween the pre- and postmeasurement conditions. Data are expressed
as mean ± SE; n = 16. *P < .05, **P < .01 by two-way analysis of
variance (ANOVA) for repeated measures with post-hoc Holm cor-
rection.

measures, followed by analysis of simple main effects and mul-
tiple comparisons with the Holm correction. The Wilcoxon
signed-rank test was applied to analyze differences in psycho-
logical indices between the two visual stimuli (plants or image).

Results and Discussion
We measured oxy-Hb concentrations in the prefrontal cortex
of healthy women while they viewed real dracaena plants or a
projected image of the same plants (Fig 4). Two-way ANOVA
revealed a significant effect of the visual stimulus (real vs. im-
age) [F (1,15) = 6.292, P < .05], a significant effect of viewing
time [F (2,30) = 15.805, P < .01], and a significant stimulus ×
time interaction in the left prefrontal cortex [F (2,30) = 6.424,
P < .01). Similarly, there was a significant effect of visual stimu-
lus [F (1,15) = 6.299, P < .05], time [F (2,30) = 11.913, P < .01],
and stimulus × time interaction [F (2,30) = 6.945, P < .01] in
the right prefrontal cortex. In the left prefrontal cortex, simple
main effects analysis revealed that the average oxy-Hb con-
centrations were significantly higher while viewing the actual
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Fig 5. Subjective feeling measured by the modified semantic dif-
ferential (SD) questionnaire after viewing real dracaena plants or an
image of the plants. Data are expressed as mean ± SD; n = 18.
**P < .01 by Wilcoxon signed-rank test.

dracaena plants compared with the projected image over the
1–2 minutes interval [F (1,15) = 7.919, P < .05] and over the
2−3 minutes interval [F (1,15) = 7.269, P < .05]. Moreover, mul-
tiple comparison tests indicated significantly higher mean oxy-
Hb concentrations during the 1−2 minutes and the 2−3 minutes
intervals compared with the 0−1 minutes interval for the real
dracaena plants (P < .01 for both intervals), but not for the pro-
jected image. The oxy-Hb concentration changes were similar
in the right prefrontal cortex, with significantly higher concen-
trations in response to the real dracaena plants compared with
the image [1−2 minutes interval: F (1,15) = 6.047, P < 0.05;
2−3 minutes interval: F (1,15) = 6.884, P < .05] and compared
with the 0−1 minutes interval while viewing the actual plants
(1−2 minutes: P < .01; 2−3 minutes: P < .05). Despite the dis-
tinct cortical responses, the subjective feelings elicited by the
two stimuli were similar (Fig 5). With both the real plants and
image inducing slightly “comfortable” and “ relaxed” feelings.
The actual dracaena plants were rated as significantly more
“natural,” as expected (P < .01).

We report the first demonstration of a differential corti-
cal response to actual foliage plants compared with an im-
age of the same plants. Viewing actual foliage plants sig-
nificantly increased oxy-Hb concentrations in the prefrontal
cortex, whereas the projected image did not. Surprisingly, both
the real plants and the image induced feelings of comfort and
relaxation as measured by the modified SD method. Given the
role of the prefrontal cortex in emotional regulation, the actual
plants may have psychological benefits not replicated by the
image. These results underscore the possible benefits of plants
for stress relief in homes and offices. Future studies will examine
if this prefrontal activation is dependent on plant volume, num-
ber, or species. Perhaps certain plants are more “anxiolytic”
than others.
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