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Abstract: In this study, we investigated the effects of the smell environment in the work booth on
autonomic nervous activity (ANS) and psychomotor vigilance levels (PVLs) using linalool (LNL)
and trans-2-nonenal (T2N). The subjects were six healthy males (31 + 6 years old) and six healthy
females (24 £ 5 years old). They sat in the work booth filled with the smells of LNL and T2N for
10 min, and their electrocardiograms (ECGs), skin conductance levels, pulse wave variabilities, skin
temperatures, and seat pressure distributions were measured. In addition, the orthostatic load test
(OLT) and psychomotor vigilance test (PVT) were performed before and after entering the work
booth, and a subjective evaluation of the smell was also performed after the experiment. This paper
focused on ECG and PVT data and analyzed changes in heart rate variability indices and PVT scores.
Males felt slightly comfortable with the LNL smell and showed promoted sympathetic nerve activity
in the OLT after the smell presentation. Females felt slightly uncomfortable with the T2N smell and
showed promoted sympathetic nerve activity and a decrease in PVT scores in the OLT after the smell
presentation. Gender differences were observed in ANS and PVLs, and it is possible that the comfort
of LNL increased sympathetic nervous activity in males, while the uncomfortableness of T2N may
have reduced work performance in females.

Keywords: work booth; linalool (LNL); trans-2-nonenal (T2N); autonomic nervous activity (ANS);
psychomotor vigilance level (PVL)

1. Introduction

As the spread of COVID-19 has led to the widespread adoption of teleworking and
online work around the world, the installation and use of work booths at train stations and
airports have become common as part of work reforms to combat infectious diseases. Work
booths are used not only when you want to concentrate on your work alone, but also for
meetings and business negotiations with people outside the company, Zoom meetings, and
so on. However, work booths are small spaces and are used by an unspecified number of
people, which creates problems with smells lingering. Furthermore, people have different
preferences when it comes to smells; it is possible that a disliked smell can cause discomfort
or reduce work performance. Therefore, it is necessary to investigate the effects of smells
inside work booths on the biological body.

Most studies on smells use essential oils and aromatic oils and include the calming
effects of smells on mental stress [1], the synergistic effects of combining smells and music
to reduce cognitive stress [2], recovery from physical stress [3], the improvement of work
performance [4], and the physiological evaluation of bad smells [5]. Most of these studies
involve objective evaluations of autonomic nervous activity (ANS) by analyzing biosignals
such as heart rate variability (HRV), blood pressure, electrodermal activity, and salivary
alpha amylase, or subjective evaluations through questionnaire surveys. However, such
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experiments have been performed in large spaces, and there are few studies that have
examined the effects of smells by presenting them to humans in a small space, such as a
work booth. Therefore, although it is difficult to compare the effects of biological condition
to smell in the work booth with previous studies, there is a novelty in investigating the
effects using similar biosignals as in previous studies.

We aim to evaluate the biological condition by the multimodal analysis of many
biosignals in fields related to smells, such as industry, environmental design, and health
management. The purpose of this study is to investigate whether comfortable and uncom-
fortable smells in a work booth affect the ANS and psychomotor vigilance levels (PVLs)
using biosignals and subjective evaluation.

The smell focused on in this study were linalool (LNL) and trans-2-nonenal (T2N).
LNL is said to have a relaxing effect and is a fragrance widely used in cosmetics and
household products, and until recently, it was also shown to have low contact allergies. It
is a valuable fragrance ingredient used in various cosmetics and is known as a valuable
essential oil used as a fragrance alongside citrus fruits and lavender [6,7]. On the other
hand, T2N is known as a malodorous compound that causes body odor associated with
human aging. It may cause physiological changes such as stress responses, mood changes,
increased skin conductance, and activation of the sympathetic nervous system, suggesting
that sensing malodors may be a way to detect health hazards [8,9].

Since people have different preferences for these smells, it is not necessarily the case
that LNL is comfortable and T2N is uncomfortable. Moreover, since this is an experiment
on humans, strong smells are limited, so the subjects” psychology regarding smell was
investigated through subjective evaluation. Biosignals were measured, including the
electrocardiogram (ECG), skin conductance, pulse rate, skin temperature, and seat pressure.
In this paper, ANS was evaluated by calculating the time domain and frequency domain
indices of HRV from the ECG. In addition, the PVL can be measured by measuring the
reaction time of the fingers using the psychomotor vigilance test (PVT) [10].

In a previous experiment, the authors have developed HRV analysis software with a
PVT application implemented together with Crosswell Co., Ltd. (Yokohama, Japan) [11].
This software not only measures ECG, but also has the orthostatic load test (OLT) ap-
plication installed, which allows the easy examination of the state of ANS from HRV
indices when standing up from a sitting position. This paper focuses on physiological
considerations when presenting LNL and T2N in a work booth using these applications.

2. Methods
2.1. Subjects

The subjects were 6 healthy males (31 =£ 6 years old) and 6 healthy females (24 + 5 years
old). All subjects received an explanation from the experimenter in advance, and after
being fully satisfied with the content, agreed to participate in the experiment. The selection
criteria for the subjects were that they were healthy adults under 40 years old without
any chronic diseases. In addition, the following five exclusion criteria were used to select
subjects:

i. Within the past 3 months, there has been an acute illness requiring hospitalization
or the appearance of new symptoms of a chronic illness.

ii. Are possibly pregnant, pregnant or breastfeeding.

iii. Person with a history of skin allergies to wristwatch-type wearable devices or
medical electrocardiogram electrodes.

iv. Person with allergies or hypersensitivity to fragrances.

v. Person who is unable to make their own judgment about whether to participate, or
whom the research physician deems inappropriate for any other reason.

2.2. Components of Fragrances and Work Booth

The fragrances used in the experiment were LNL and T2N. These fragrances were
diluted with ethanol and pure water and sprayed using a diffuser. The mixing ratios of
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LNL, ethanol, and pure water were 0.5%, 37.5%, and 62%, respectively. The mixing ratios of
T2N, ethanol, and pure water were 0.5%, 50%, and 49.5%, respectively. Figure 1 shows the
exterior and interior of the work booth (Law Partition C&L typeF, COMANY Corporation,
Komatsu, Japan). The external dimensions of the work booth are 1000 mm (W) x 1200 mm
(D) x 1940 mm (H), the internal dimensions of the work booth are 900 mm (W) x 1100 mm
(D) x 1940 mm (H), the indoor volume is 1.92 m3, and the ventilation volume is 10 m3/h. A
diffuser, temperature/humidity CO, sensor, table fan, and chair were set on the floor in the
booth. During the experiment, the room temperature in the work booth was 22.1 1.2 °C
and the humidity was 41.3 &+ 5.2%.

Figure 1. Exterior and interior of the work booth.

The airborne fragrance concentrations set in the booth were 24 ppb for LNL and
1.5 ppb for T2N. Figure 2 shows the diffuser (nebulizing diffuser orb, @aroma Corporation,
Tokyo, Japan) used in the experiment. The fragrance was sprayed for 2 min using a
nebulizer system, followed by a 1 min pause. Preliminary tests have confirmed that if the
2 min spray and 1 min pause are continued for more than 1 h with ventilation, the airborne
fragrance concentration will remain almost constant. In the preliminary tests, the amount
of fragrance sprayed was measured after 3 sets of 2 min sprays and 1 min pauses, and the
required ventilation volume was calculated using the Seidel formula based on SHASE-5102,
specified by the Society of Heating, Air-Conditioning and Sanitary Engineers of Japan [12].
Two work booths were set up on the floor: one was presented with LNL and the other
with T2N.

The lighting equipment in the booth was an LED (LSEB9505KLB1, Panasonic Cor-
poration, Tokyo, Japan). The illuminance in the booth was measured using a digital
illuminometer (TLX-204, TRUSCO NAKAYAMA Corporation, Tokyo, Japan). The illu-
minance was measured in the center of the booth at a height of 700 mm and in the gaze
direction at a height of 1200 mm. The illuminance was measured 5 times in each booth and
the mean illuminance was calculated. Table 1 shows the mean illuminance and standard
deviation in the booth. There is not much difference in illuminance between the two booths.
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Figure 2. Diffuser used in the experiment. Body dimensions: 80 mm (diameter) x 152 mm (H);
weight: 376 g; spray method: nebulizer; maximum diffusion capacity: 70 m?.

Table 1. Mean illuminance and standard deviation in the work booth.

Booth No. Measurement Position IlIluminance [lux]
Bootht Center of the booth 802 +2
oot Gaze direction 683 + 8
Booth? Center of the booth 805+ 2
oot Gaze direction 687 + 9

2.3. Measurement Device of Biosignals
2.3.1. ECG and HRV Analysis

ECG was measured using the ECG/Heart Rate Measurement Amplifier (LRR-05,
GMS Company Limited, Tokyo, Japan) with a detection sensitivity of 0.3 mV to 10 mV,
dimensions of 114 mm (W) x 68 mm (H) x 19 mm (D), a weight of 118 g, and a power
supply of two AAA batteries or USB [13]. The ECG was recorded with electrodes attached
to the right arm and left ankle (2-lead ECG measurement) at a sampling frequency of 1 kHz.
The measured ECG was sent to the PC via the USB port and the ECG was analyzed using the
real-time monitoring of ANS (Reflex Meijin, Crosswell Corporation, Yokohama, Japan) [11].
All R waves (sharp deflections corresponding to electrical excitation of the ventricles)
were detected, and RR intervals (RRI) were obtained for each beat. HRV was analyzed
by separating the variability in the RRI time series into the time and frequency domains.
The time domain indices used were the mean heart rate [MHR, bpm] and the coefficient of
variation of RRI [CVRR %]. The CVRR was calculated by dividing the standard deviation
of the RRI by its mean value. The frequency domain indices used were LFP (power of low
frequency component; 0.04-0.15 Hz, [ms?]), HFP (power of high frequency component;
0.15-0.45 Hz, [ms?]), and LFP/HFP (LFP to HFP ratio). These indices were calculated beat-
by-beat from the RRI over 30 s using the maximum entropy method (MEM). LFP reflects
both sympathetic and parasympathetic activity and baroreceptor reflex sensitivity, and
HFP reflects parasympathetic activity. LFP/HFP reflects sympathetic nerve activity [14,15].

In addition, OLT was performed using the same manufacturer’s blood pressure and
HRYV analysis software [11]. This software calculates the mean HRV indices and other
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indices of ANS from posture changes during 2 min of sitting, 1 min immediately after
standing, and 2 min of maintaining the standing position. Methods for power spectral
density analysis of RRI time series include fast Fourier transform (FFT), coefficient estima-
tion of autoregressive model (ARM), and MEM [16-18]. FFT and ARM are mainly used in
stable states where body movement does not change significantly. On the other hand, MEM
enables us to also analyze transient states where body movements change significantly in a
short period of time [18]. Therefore, it is suitable for real-time frequency analysis even in a
state where HRV fluctuates significantly during OLT.

2.3.2. Measurement of PVT

PVT is known internationally as a measure of sleepiness, fatigue, and PVL [19-21].
Using a computer and mouse, subjects repeatedly performed the simple task of clicking
the mouse when a number (elapsed time) appeared on the display for several minutes.
By measuring this reaction time and analyzing the variance, it is possible to objectively
evaluate levels of sleep deprivation and fatigue. To investigate PVL before and after
smell presentation, reaction times of the mouse click (RT, ms) and the number of times
RT was between 500 ms and 1000 ms (minor lapse: ML, %) were measured using the PVT.
The number of flying starts (FSs) was also measured. The measurement time was 300 s,
the waiting time until the value was displayed on the screen was between 2 s and 10 s,
and RTs exceeding 1000 ms were excluded. The PVT software used was the PVT Meijin
(Crosswell Corporation, Yokohama, Japan) [11]. PVT was performed using a 15.6-inch
laptop (Panasonic, Windows11, Let’s note SV8). The distance from the subject’s eyes to the
screen was approximately 70 cm, and the PVT font size was 72 pt.

2.3.3. Measurement of Other Biosignals

In parallel to the ECG, the following biosignals were measured: skin conductance level
(SCL, Electro Dermal Activity Sensors, PLUX wireless biosignals S.A., Lisbon, Portugal),
pulse wave variability and skin temperature (SilmeeW22, TDK Corporation, Tokyo, Japan),
and seat pressure distribution (SR Soft Vision Numeric Version, Sumitomo Riko Company
Limited, Nagoya, Japan).

The performance specifications of the Electro Dermal Activity Sensors are as follows:
a range of 024 uS, a bandwidth of 0-3 Hz, a consumption of 0-0.72 mA, and a sampling
frequency of 1 kHz. The sensor was a 2-wire-type with polarity, with the positive and
negative sensors attached to the index and middle fingers of the left hand, respectively.

The SilmeeW?22 was a wristwatch-type pulse wave sensor and it was worn on the left
wrist. For pulse wave detection, volume pulse waves were measured with a green LED at
a sampling frequency of 20 Hz. The temperature sensor used was a digital semiconductor
temperature sensor to measure the skin temperature of the wrist in the range of —10 °C to
45 °C. These biosignals were recorded every minute [22].

The seat pressure distribution was measured using SR Soft Vision Numeric Version.
The seat size was 450 mm x 450 mm (detection area: 350 mm x 350 mm), there were
256 measurement points (16 x 16), the spatial resolution was 22 mm? square, the mea-
surement range was 20-200 mmHg, and the screen update interval was approximately
0.2 s [23].

2.4. Subjective Evaluation of Smell

After the smell presentation, the subjects answered a subjective evaluation question-
naire of the smell (Table 2). The evaluation questions included smell intensity, comfort
level, and liking. Smell intensity was rated on a scale of 6 levels, comfort level on a scale of
9 levels, and liking on a scale of 5 levels.
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Table 2. Subjective evaluation of smell in the work booth.

Q1. How intense was the smell?

0 Smell-less

1 Barely detectable smell
2 Weak smell

3 Easy to detect smell

4 Strong smell

5 Intense smell

Q2. How comfortable or uncomfortable did you find the smell?

—4 Extremely uncomfortable
-3 Very uncomfortable
-2 Uncomfortable
-1 Slightly uncomfortable
0 Neither comfortable nor uncomfortable
1 Slightly comfortable
2 Comfortable
3 Very comfortable
4 Extremely comfortable
Q3. How much did you like the smell?
-2 Disliked
-1 Slightly disliked
0 Neither liked nor disliked
1 Slightly liked
2 Liked

2.5. Experimental Protocol

The twelve subjects were divided into group A (N = 6, 3 females, 28 & 5 years old)
and group B (N = 6, 3 females, 27 £ 9 years old). The experiment was performed between
9:00 a.m. and 5:00 p.m. on 13 December 2023, and subjects were fully informed in advance.
The experimental protocol adopted a crossover design to account for the order of smell
presentation. In the morning, LNL was presented to group A and T2N was presented to
group B. In the afternoon, T2N was presented to group A and LNL was presented to group
B. First, the airborne fragrance concentration inside the booth was adjusted. Next, subjects
were fitted with electrodes and sensors outside the booth and performed the OLT (5 min)
and PVT (5 min). After sitting in a chair and resting for 5 min, they entered the booth and
sat in the chair with their eyes open for 10 min. After that, subjects exited the booth and
performed a sitting rest (5 min), the OLT (5 min), PVT (5 min), and subjective evaluation
(5 min), at which point the morning experiment was concluded (Table 3).

Table 3. Timetable of experiment.

Events OLT1 PVT1 Rest1 Smell presentation Rest2 OLT1 PVT2 Subjective
evaluation
ECG, pulse, ECG, pulse, SCL, ECG,
Measurements ECG RT, ML SCPL seat pressure pulse, SCL ECG RT, ML Psychology
Time [min] 5 10 15 25 30 35 40 45
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The total experiment time was approximately 45 min per subject. While the subject
was in the booth, the next subject performed the OLT and PVT. In the afternoon experi-
ment, similar measurements were performed with different smell presentations. These
experiments were performed simultaneously for both Group A and Group B. The washout
period for the smell effect on each subject was approximately 3 h. The instructions given to
the subjects were as follows: Get enough sleep the night before the experiment and avoid
drinking alcohol. On the day of the experiment, avoid smoking and eating or drinking
anything with a strong smell.

2.6. Statistical Analysis

In this study, we measured many biosignals to evaluate the effect of smell on biological
conditions. This paper focused on the ECG, the PVT, and subjective evaluation data,
and analyzed separately for both sexes to investigate whether the two types of smell
significantly changed ANS and PVL. Data of the OLT were analyzed using univariate
general linear models (UGLM) to investigate whether there were significant differences in
HRYV indices due to 2 factors: before and after smell presentation (factor 1: 2 levels) and
posture change (factor 2: 3 levels). The mean of HRV indices during smell presentation
and at rest before and after smell presentation were calculated for each subject, and HRV
indices were analyzed using UGLM with 2 factors: smell presentation (factor 1: 2 levels)
and event change (factor 2: 3 levels; restl, smell, rest2). UGLM analysis was adjusted for
age as a covariate. The RT and ML measured from the PVT were compared before and after
smell presentation using paired t-tests. In the subjective evaluation, the questions about
the two types of smells were compared using paired ¢-tests. The statistical software used
was IBM SPSS Statistics (version 28.0.1.0, Armonk, NY, USA). The significance level was set
at 5%, with p < 0.05 for significance and p < 0.1 for trends.

3. Results

Figures 3 and 4 show the results of the OLT before and after the presentation of
the LNL smell in males and females, respectively. In males, LFP increased significantly
after smell presentation compared with before (p = 0.045). Furthermore, all HRV indices
showed significant differences for posture change (p < 0.01). In females, CVRR increased
significantly after smell presentation compared with before (p = 0.010). MHR, CVRR, HFP,
and LFP/HFP showed significant differences for posture change (p < 0.05). There was no
interaction between the two factors in both males and females.

12 2500
2000

1500 ~

CVRR [%]
LEP [ms?]

1000

500 |

Sitting Stand up

HEP [ms?®]

Standing Sitting Stand up Standing Sitting Stand up Standing
800 - 5 -

20 -
600 |
15 -
400
10 +

LFP/HFP [ratio]

200

Sitting Stand up Standing Sitting Stand up Standing

Figure 3. OLT before and after presentation of LNL smell in males. e: after smell presentation; M:
before smell presentation; mean =+ S.E. Factor 1 (before and after smell presentation): LFP (p = 0.045).
Factor 2 (posture change): MHR (p = 0.002), CVRR (p < 0.001), LEP (p = 0.003), HFP (p < 0.001),
LFP/HEFP (p = 0.010). Interaction between the two factors: no interaction.
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Figure 4. OLT before and after presentation of LNL smell in females. e: after smell presentation;
M: before smell presentation; mean =+ S.E. Factor 1 (before and after smell presentation): CVRR
(p = 0.010). Factor 2 (posture change): MHR (p < 0.001), CVRR (p = 0.002), HEP (p = 0.047), LFP/HFP
(p = 0.016). Interaction between the two factors: no interaction.

Figures 5 and 6 show the results of the OLT before and after the presentation of the
T2N smell in males and females, respectively. In males, no significant differences were
shown in any of the HRV indices before and after smell presentation. All HRV indices
showed significant differences for posture change (p < 0.01). There was no interaction
between the two factors. In females, CVRR and LFP/HFP showed increasing trends after
smell presentation compared with before (CVRR: p = 0.083, LFP/HFP: p = 0.055). MHR,
CVRR, HFP, and LFP/HFP showed significant or trend differences for posture change
(p < 0.1). An interaction between the two factors was shown in LFP/HFP (p = 0.050).

12

Sitting

Stand up

HFP [ms?]

2500
10 F
2000
g8t -
s 4 1500 |
& i
o 6r & 1000 -
=
4 r 500
2 0
Standing Sitting Stand up Standing Sitting Stand up Standing
800 - 5
20
600
5
2 15 |
=
100 | I~
&
I 10 |
=
=t
200
5 |
0 0
Sitting Stand up Standing Sitting Stand up Standing

Figure 5. OLT before and after presentation of T2N smell in males. o: after smell presentation; l:
before smell presentation; mean + S.E. Factor 1 (before and after smell presentation): no significant
difference. Factor 2 (posture change): MHR (p = 0.006), CVRR (p = 0.005), LFP (p = 0.002), HFP
(p =0.001), LFP/HFP (p < 0.001). Interaction between the two factors: no interaction.
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Figure 6. OLT before and after presentation of T2N smell in females. e: after smell presentation;
M: before smell presentation; mean + S.E. Factor 1 (before and after smell presentation): CVRR
(p = 0.083), LFP/HEFP (p = 0.055). Factor 2 (posture change): MHR (p < 0.001), CVRR (p = 0.015), HFP
(p =0.087), LFP/HFP (p < 0.014). Interaction between the two factors: LFP/HFP (p = 0.050).

Figures 7 and 8 show the changes in HRV indices during rest and smell presentation
in males and females, respectively.

Restl

HFP [ms?]

800

600

400

200

Rest2

CVRR [%]

10

8 F

2000

1500

1000
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Restl
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o
1

o
T

'S
T

)
T

Rest2 Restl

s —
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Restl Smell Rest2

Rest2

Figure 7. Changes in HRV indices during rest and smell presentation in males. o: LNL; l: T2N;
mean =+ S.E. Factor 1 (smell): CVRR (p = 0.063), LEP (p = 0.024), LFP/HEFP (p = 0.070). Factor 2 (event
change): no significant difference. Interaction between the two factors: no interaction.

In males, CVRR, LFP, and LFP/HFP were significantly increased or showed an increas-
ing trend in LNL compared with T2N (CVRR: p = 0.063, LFP: p = 0.024, LFP/HFP: p = 0.070).
No significant differences were shown in any of the HRV indices for event change. In
females, MHR was significantly decreased in LNL compared with T2N (p = 0.005), and
MHR showed a decreasing trend for event change. There was no interaction between the
two factors in both males and females.

Figures 9 and 10 show the changes in PVT indices before and after smell presentation
in males and females. In males, no significant differences were shown in any of the indices
in both LNL and T2N. In females, RT increased significantly after smell presentation
compared with before for T2N (p = 0.049), and ML showed an increasing trend after smell
presentation compared with before for T2N (p = 0.087).
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Figure 8. Changes in HRV indices during rest and smell presentation in females. : LNL; l: T2N;
mean =+ S.E. Factor 1 (smell): MHR (p = 0.005). Factor 2 (event change): MHR (p = 0.060). Interaction
between the two factors: no interaction.
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Figure 9. Changes in PVT indices before and after smell presentation in males. M: LNL; l: T2N;
mean £ S.E., no significant difference.
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Figure 10. Changes in PVT indices before and after smell presentation in females. M: LNL; l: T2N;
mean £ S.E. ** p = 0.049; * p = 0.087 vs. before.
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Table 4 shows the results of the subjective evaluation for males and females. Values
are shown as means and standard errors. The smell intensity tended to be stronger in T2N
than LNL in females (p = 0.093). Males and females were more comfortable with LNL than
T2N (males: p < 0.001, females: p = 0.007) and LNL was liked by them (males: p = 0.025,
females: p = 0.003). Focusing on the mean values for each question, for LNL, the values in
males were as follows: Q1, “Weak smell”; Q2, at a level ranging from “Neither comfortable
nor uncomfortable” to “Slightly comfortable”; and Q3, “Neither liking nor disliking”. For
Q1, females were at a level ranging from “Barely detectable smell” to “Weak smell”; for Q2,
“Slightly comfortable”; and for Q3, “Slightly liking”. For T2N, males were as follows: Q1,
“Weak smell”; Q2, at a level ranging from “Slightly uncomfortable” to “Uncomfortable”;
and Q3, “Slightly disliking”. For Q1, females were at a level ranging from “Weak smell” to
“Easy to detect smell”; for Q2, “Slightly uncomfortable”; and for Q3, “Slightly disliking”.

Table 4. Mean and standard error of subjective evaluation for males and females.

Males Females
Question Items
LNL T2N p-Value LNL T2N p-Value
Smell intensity 23+0.2 25+03 0.611 1.8+04 27+04 0.093
Comfortable/Uncomfortable 0.7 +04 —-1.7+03 <0.001 1.2+0.5 —-134+04 0.007
Liking 02+03 —-124+03 0.025 1.0+04 —-13+04 0.003

4. Discussion

In this paper, we evaluated ANS and PVL when smell stimuli of LNL and T2N were
presented in a work booth using HRV and PVT. First, the smells used in this experiment
were LNL and T2N. The subjective evaluation of how these smells were felt by the subjects
revealed that neither of the smells was extremely comfortable nor uncomfortable, but rather
slightly comfortable or slightly uncomfortable.

LNL was slightly preferred by females compared to males, and T2N was slightly
dislikable by both males and females. At a slight level, significant differences were observed
between LNL and T2N in the comfortable /uncomfortable questions and preferences for
both males and females. In questions of smell intensity, both males and females rated the
smells as weak smells; however, they were easy to detect, which was roughly the middle
level of the intensity scale. However, females felt the smell to be significantly stronger with
T2N than with LNL.

In the OLT, immediately after active standing, peripheral vascular resistance decreases,
and over time, venous return decreases and cardiac output decreases, resulting in a de-
crease in arterial pressure. To prevent a decrease in arterial pressure, the baroreceptor
reflex is activated, promoting sympathetic nervous activity and keeping blood pressure by
increasing vascular resistance and heart rate [24,25]. In the standing test, MHR, LFP, and
LFP/HEFP increased immediately after standing in both males and females regardless of the
type of smell, revealing that the baroreceptor reflex was functioning normally. Comparing
the OLT results before and after smell presentation, LFP increased after LNL presentation in
males, and CVRR and LFP/HFP increased after T2N presentation in females. These results
suggest that after LNL in males and T2N in females, the baroreflex sensitivity increases,
and that RR interval variability is also increased, especially in females.

In the work booth, CVRR, LFP, and LFP/HFP increased in males with LNL compared
to T2N. In addition to blood pressure variability, factors that cause the increase in LFP
include respiratory sinus arrhythmia caused by slow respiration of 0.15 Hz or less [26,27].
Since there was no body movement and conversation in the work booth, and the subjects
were sitting quietly in their chairs, it is unlikely that the rhythm of respiration was a factor
in the increase in LFP. Therefore, it suggests that the cause of LFP increase is blood pressure
variability due to LNL, and that LNL has the effect of promoting sympathetic nervous
activity. It is considered that CVRR increased due to an increase in the LF component of
HRV. MHR in females was higher with LNL compared to T2N. Because the baseline MHR
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was different from that at rest, it is unlikely that this difference was due to LNL or T2N;
however, this suggests that MHR decreases regardless of the smell.

In the PVT, no difference was observed in PVL after the presentation of the two types
of smells in males, but RT was significantly slower after the presentation of T2N in females,
and ML tended to increase. Since increased sympathetic nervous activity was observed in
females after T2N presentation, it is considered that the stress of the uncomfortable smell
increased sympathetic nervous activity and reduced PVL. On the other hand, in females,
although sympathetic nervous activity was promoted during and after LNL presentation,
there was no difference in PVL between LNL and T2N. This suggests that the factors behind
the changes in PVL due to the smell may involve not only ANS, but also the subjective
perception of the smell.

There are many previous studies on ANS related to LNL. Lin H et al. (2017) reported
that the aromatherapy group performed faster on a PC task than the control group, and
there was a significant difference in HRV [28]. Eva H et al. (2004) reported on physiological
parameters and subjective well-being after transdermal administration of LNL and found a
decrease in systolic blood pressure and skin temperature, but no effect on well-being [29].
Kyoko K et al. (2005) reported the effect of the scent of jasmine tea, which contains LNL,
on ANS and mood [30]. The concentration used in this experiment was at a level that did
not cause psychological effects, and the promotion of parasympathetic nervous activity
was confirmed.

On the other hand, there are no research papers on HRV analysis when T2N is pre-
sented, but there are research papers on uncomfortable smells. Croy I et al. (2013) reported
that uncomfortable smells attract a lot of attention, but when presented repeatedly, only the
emotional salience decreases, which is reflected in a decrease in neural activity [31]. Iorda-
nis K et al. (2006) suggested that smells perceived as uncomfortable are age-invariant [32].
Mateus H et al. (2020) investigated the effect of uncomfortable vomit smells from fermented
foods on subjects” emotions and found feelings of sadness [33]. Yukei H et al. (2019) sug-
gested that the subjective uncomfortableness of smells itself can trigger emotions and stress
responses in sympathetic nervous activity [5].

These previous studies results confirm that parasympathetic nervous activity is pro-
moted by LNL, which improves PC task time. However, the results of this study showed
that LNL did not significantly affect ANS or PVL in females, whereas sympathetic nervous
activity was promoted in males. It has been reported that sympathetic nervous activ-
ity is promoted by negative psychological stress [34], but also by positive psychological
stress [35]. The subjective evaluation by males showed slightly positive results from LNL,
and it is possible that the comfort of LNL increased sympathetic nervous activity. On
the other hand, previous studies have shown that uncomfortable smells induce negative
emotions and stress, and sympathetic nervous activity is promoted. Both males and females
found T2N mildly uncomfortable and did not like it, but the promotion of sympathetic
nervous activity in females is consistent with previous studies. Gender differences were
observed in ANS and PVL, and in particular, females may reduce work performance due
to the uncomfortable smell.

In this experiment, the smell was sprayed using a diffuser in a work booth, which is a
small space for one person, and the airborne fragrance concentration was different from
that in previous studies, so it is not possible to simply compare the results with previous
studies. Furthermore, because this was a large-scale experiment using a work booth, there
is a limitation in that the number of subjects collected was relatively small. As work booths
become more widespread in the future, it will be necessary to verify the reproducibility of
the research results.

5. Conclusions

This study mainly focused on the practical application of medical electronic devices
in daily life and the pursuit of spatial comfort. We investigated the effects of the smell
environment in the work booth on ANS and PVL using LNL and T2N. These effects were
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clarified by analyzing gender differences. This analysis focused on HRV and PVT data,
but we have also measured skin conductance level, seat pressure distribution, and skin
temperature, and will aim to quantify the subjective perception of smells by clarifying
human responses to comfortable and uncomfortable smells using a multimodal analysis.
We believe that the insights gained from this research will provide the basis for potential
future hardware innovations.
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