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1. Introduction

1.1. Well-being in a rail transport system

Commuting related stress is a hot topic, especially in big cities such as Tokyo. According

to 2016 data (Figure 1), people in big cities use trains more often. Over 60% use the train

more than several times a month, 22.3% use it almost every day, and the average

commute time in Tokyo is 102 minutes each day. The national average is 79 minutes. [1]
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Figure 1. Frequency of using train and bus in Japan’s big cities N=458

(Public Opinion Poll, 2016)

As people are using the rail transport system for these significant time durations we

considered that more attention should be paid to their well-being. This could be

influenced by many factors and in the PERMA model this is identified by five essential

elements (Seligman, 2011), as shown in Figure 2 [2].

Positive emotion

Accomplishment Engagement

Meaning of life Relationship

Figure 2. PERMA Model (Seligman, 2011)



Cohn and Fredrickson (2009) state that positive emotions are the good things that we
feel, such as happiness, hope and joy, and research also suggests positive emotions are
a key indicator of well-being [3]. Life satisfaction, resilience, mindfulness, social rewards,
work outcomes, and physical health are all related to positive emotion as well. In
addition, Diener (2000), also emphasized that experiencing positive emotions is a
primary goal for individuals around the world [4]. Among the five essential elements in
Figure 2 - P (Positive emotion), E (Engagement), R (Relationship), M (Meaning of life), A
(Accomplishment) - P (Positive emotion) is most related to short-term experiences in our
daily life that can significantly affect well-being.

The research project described here forms part of the Science & Technology + Art &
Design Hybrid Innovation (STADHI) project at the Tokyo Institute of Technology, Japan.
Nathan Cohen, an artist and researcher, initiated this collaborative research project in
2019, integrating olfaction with the railway system to enhance railway users’ well-being,
providing imaginative research ideas based on his experience of how odor influences
people. With his knowledge of the olfactory field, supported by the public transport
expertise of Shinya Hanaoka, we have been exploring possible connections between

odor and well-being in the specific context of railway travel.

1.2. Previous odor research

Human beings have five senses, including vision, tactile, auditory, taste and
olfaction. External information we receive through these senses cause many kinds of
complex psychological and physical reactions that we have to the world around us.

Among these, olfaction’s influence has, historically, not been so intensively investigated.

However, in recent years, olfaction has started to become an increasing topic of interest
in many research fields, in particular consumer related and marketing applications.
Research shows that odor can create and arouse emotions [5], and also indicates that

ambient odors are a critical factor that can drive purchase intentions [6].

Generally speaking, odor can influence people in many ways. Firstly, it can induce
behavioral change - one experiment demonstrated that odor dispersed in a crowded
room significantly increased the number of social interactions of the participants [7].

Another study in 2005 also shows that, although the participants are unaware of their



behavioral change, when they were exposed to the subtle ambient scent of an all-
purpose cleaner, this induced them to keep the table they were eating at cleaner, with
those subjected to the odor tidying up after themselves more frequently than those who

were not. [8]

Secondly, emotional change can also occur because of the existence of odor. Kadohisa
(2013) mentions that some odors can arouse emotion that leads to the recall of
emotional memories, which are more vivid than with other senses. For example, many
people can remember relating to certain images or episodes when they are exposed to
the same odor as they had previously associated with that experience, even if this
occurred a long time ago. Additionally, memory cues triggered by odor are more
sensitive and emotional than those triggered by other senses [9-11].

In a study of environmental scents (Spangenberg, Crowley and Henderson, 1996),
retailers succeeded in manipulating environmental perceptions using pleasant scents,
especially ambient scents and scents that are not associated with a particular object,
inducing customer interest and association with the store. Not only did this change the
customers’ perception of the store but also its products as well [12], the key here being
that a person might identify the ambient odor generically with the store and its
associated products collectively, not just with a specific product. This use of scent has
also been shown to influence mood in a positive direction, with associations that result
from this scent being perceived favorably. In terms of particular odors it was found by
Spangenberg et al. (1996) that lemon had the strongest effect on positive emotions and
energy, producing the best results in terms of perceived well-being. Measurements also

show that mood is improved when there is the presence of pleasant ambient odor.

An experiment conducted in 1998, with 103 female university students, investigated the
preference of odor and its psychological effects. It examined how the subject's mood
changed before and after inhaling a preferred scent. From the results of SD method and
Psychiatric Outpatient Mood Scales (POMS) analysis, reduction of tension and anxiety

and increase in the clarity of thinking was demonstrated [13].

Thirdly, odors can influence psychological and physiological states. Since some odors can
modulate emotion, the application of those odors for the treatment of particular
psychological problems, such as reducing the effects of stress, is possible [14]. However,

odor’s influence not only exists by itself, but is also associated with many other factors,



such as colour, music, and other stimuli.

1.3. Odor used in public spaces

Emotional response can be triggered immediately by odor. When people sniff a
preferred odor, their active and inactive sense of pleasant emotion is induced.
Conversely, when encountering a dislikable smell, negative emotions can occur [15].
Therefore, the odor preference of individuals will also have significant influence upon
the type and extent of emotion aroused.

Commercial applications of this principle might include encountering particular odors
prepared for department store displays, or in up market hotel lobbies, where fragrances
have been formulated for this purpose. In this way, besides appealing to our senses in
other ways, the perhaps subtler sense of olfaction offers a more attractive way to
communicate with consumers, a method termed “Olfactory Branding” [16].

Odor, with its usefulness as a new method for differentiating brand image as well as
creating new experience, is increasingly being applied in public spaces in recent years.
Moreover, trials of applying odor in transport systems has also appeared in different
countries around the world [17-19]. However, the different methods used to apply odor
into train carriages or stations often lack published data relating to passenger feedback
thereby preventing effective analysis. Without this it is not possible to gauge the
particular advantages and disadvantages of applying odor in a public transport system.
Besides this, research about applying odor in public spaces, and its’ connection with

users’ feelings, is rarely conducted.

2. Objective

Through initial discussion we (Nathan Cohen, Shinya Hanaoka and myself) designed an
experimental approach to find out the impact of odor on train travelers. We developed
two hypotheses. First, that odor would induce positive emotion and alter people’s
evaluation of the atmosphere in a train carriage setting. That is, a pleasant ambient odor
will cause an increase in the pleasure score of the PAD model, while the arousal level of

emotion will differ according to the arousal level of the odor.



According to prior research, odor can evoke physiological changes, especially emotion
(Mikiko Kadohisa, 2013). This implies a likelihood that odor would alter how people
perceive their environment to some extent, leading to our second hypothesis that
different ambient odors could alter railway users’ perception of the surroundings they
are travelling in.

To establish the extent to which odor has impact at an individual level we also decided
to ask those participating in the experiment about their cognition of odor, to confirm
their impression of the intensity of the odor and to investigate whether any emotional
change is affected by the odor we have added in comparison with the smell that
originally existed inside the train carriage.

3. Methodology

3.1. Russell's Circumplex Model and SD method

For this experiment the railway users’ positive emotion is measured by a questionnaire
based on the PAD (Pleasure, Arousal, and Dominance) Scale [20]. Typically, the PAD scale
consists of six pairs of adjectives expressing related emotions. As the outcomes of other
research projects did not reveal an obvious influence in the Dominance section of the

PAD scale, only the Pleasure and Arousal Scales were taken into consideration, providing

the Russell's Circumplex Model shown in Figure 3. [21]
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Figure 3. Russell's Circumplex Model



So for our research purposes we only applied word pairs in the corresponding Pleasure
and Arousal parts of the scale. For the Pleasure scale: “unhappy-happy”, “annoyed-
pleased”, “unsatisfied-satisfied”,  “melancholic-contented”,  “despair-hopeful”,
“unpleasant-pleasant”. For the Arousal scale: “calm-excited”, “unaroused-aroused”,
“dull-jittery”, “relaxed-stimulated”, “sleepy-wide awake”, “sluggish- frenzied”. Each pair
of words was translated into corresponding Japanese word pairs to insure consistency

for this experiment, with the translation based on a previous study by Ren (2018) [22].

Railway users’ perception of the surrounding environment was measured by the
Semantic Differential (SD) method, which is generally applied in sociology and
psychology experiments. The SD method allows participants to select their answer from
adjective pairs with polarized meanings.

Twenty-five adjective pairs used for the SD method were selected by reviewing
published research utilizing odor related SD method questionnaires and related
adjectives [23-24].

Many of the adjective pairs were extracted from a study conducted in 1998, in which
flowers (rose and fragrance on human beings) impact were analyzed by means of brain
waves and the Semantic Differential (SD) method. The result of this experiment revealed
that the presence of fragrance affects human being’s physiological aspect, and the
presence of rose generated a higher score in factor analysis, suggesting that the flowers’
odor affects psychological response [23]. Therefore, we used the adjectives in this
research which suggest change according to the presence of fragrance/odor, to apply to

our experiment’s questionnaire content.

Research conducted in 2002 provides a short list of sense-descriptive adjectives for
outlining olfactory properties of fragrances by means of factor analysis. The extent to
which emotional reactions to fragrances have an effect on evaluating the fragrances
with these adjectives was also investigated [24]. The resulting twenty-five adjective

pairs are categorized in three groups: evaluation, potency, activity.

Typically PAD model and SD methods utilize numbered scales of five or seven for
questionnaire responses. For the purposes of our train experiment, the time between
answering questionnaires twice was only about 10 minutes, with emotional change

difficult to measure. In case respondents might also remember their previous answers,



a Visual Analogue Scale (VAS) was applied for our questionnaire survey instead of a
numbered scale. VAS are measures of subjective or behavioral experience (e.g., pain,
physical exercise) and are typically presented as a 10cm line with descriptive anchor
statements at each end, such as “no pain” to “extreme pain”. Questionnaire
respondents place a vertical line through the point on the scale that best fits their
experience at that moment. In previous odor related research, Visual Analogue scale
reveals its advantage in measuring the level of recollection and pleasantness of odor
[25]. For our experiment the VAS response line is from 0 to 100 measured in millimeters
(it should be noted that there is no research to support that the Visual Analogue Scale
is any more accurate when measured in centimeters than it is in millimeters, or that this
would impact interpretation of the results) [26].

M
13

4
I .

Figure 4. Example questionnaire responses using the VAS scale

The cognition level and pleasantness level are measured according to a scale applied in
Osaka University research [27].



3.2. Odor stimuli used in this experiment

The odor stimuli in this experiment are lavender and lemon essential oils, manufactured

by “Tree of Life”, which are also used in other odor related experiments.

Lavender is used as a sleep aid, with one study conducted by Hardy et al (1995)
suggesting that the ambient odor of lavender can significantly enhance the amount of
time asleep after withdrawal of medication for insomnia [28]. The healing effect of a
lavender field located in a city park has also been verified according to a physiological
test (blood pressure, pulse, and saliva amylase density) and psychological index (SD
method) [29]. Lemon is a high arousal odor that has been used in experiments as a
stimulus and has also been used for this purpose in research relating to environmental
scent [12].

In our experiment, lemon and lavender are used as contrasting odors to investigate their
high and low arousal influence on participants' emotional/pleasure responses. Lis-
Balchin and Hart (2002) mention that, unlike the sedative properties of lavender, lemon
oil has been described as activating, immune-modulatory, and mood enhancing [30].
Self-reported, unobtrusive mood measurements have provided strong evidence that
lemon essential oil improves positive mood more significantly than water and lavender,

regardless of expectations or prior experience of aromatherapy [31].

4. The Experiment

4.1. Isumi Railway Company

Following initial discussions, we have been able to work with the Isumi Railway Company
in Chiba prefecture to conduct our experiment. This is a local Japanese ‘third quarter’
railway. Currently, not so many people are using Isumi Railway with the main users being
local residents, high school students and tourists. The covid-19 pandemic has had a
particularly negative impact on passenger numbers as might be expected. To attract
more passengers, the Isumi Railway company is organizing different events, i.e. to

celebrate local festivals and by providing special meals for group reservations.

4.2. Preparation of the preliminary test



Figure 5. The train carriage used for the preliminary test

One preliminary test was conducted a month before the main test in order to determine
the proper intensity of odors to be applied in the main test and to confirm the content
of the survey questionnaire. As there is no previous study that provides an indication for
how to temporarily install odor equipment in a train carriage setting for the purposes of
this type of experiment, we also wanted to test this. The preliminary experiment was
conducted in the same train carriage as the main test, except the train was stationary at
the station and not moving as with a normal train. The engine was kept on to mimic the
conditions of the main test situation as far as was possible, allowing participants in this
preliminary experiment to feel the fluctuations in the carriage produced by the train

engine.

4.3. Results of the preliminary test

The preliminary test was conducted on the 2" November, 2020. The questionnaire
content and the odor intensity of the lavender and lemon odors were checked in this
preliminary test, with 5 participants answering the same questionnaire survey 3 times

in total.



Figure 6. Interior of the train carriage (right) showing location of fans (left) for the preliminary

test

The information in Table 1 shows the results of the preliminary experiment which was
conducted in 3 consecutive parts, with participants asked to complete a questionnaire
for each part. For the first part of the experiment no odor was used, for the second
lavender essential oil at 25% dilution strength, and for the third part lemon essential oil
at 50%. From the responses received it was apparent that an odor intensity of 25%
dilution was insufficient for everyone to detect the odor easily, so we increased the
lemon essential oil odor intensity to 50% in the third test, with a corresponding increase
in the lavender odor intensity to confirm participants detection and reaction to this
relative to the 25% dilution.

Confirmation of
1st 2nd 3rd fragrance

concentration

Fragrance none lavender lemon lavender

Concentration none 25% 50% 50%

Comment from Odor of the Quite ) No uncomfortable
Appropriate

participants train carriage light feelings

Table 1. Information derived from questionnaire results for the preliminary train carriage odor

test
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The odor intensity that participants felt is shown in figure 7. Except for the first test (the
ambient smell of the train carriage itself), the intensity of the lavender and lemon odors

is set at a level that is just barely detectable.

Regarding the pleasantness scores shown in Figure 8, the 3 tests all show that the odor
is responded to by the participants as being at a “quite pleasant” level, meeting with our
anticipation. Though the difference between lavender and lemon odors is notable, this
may be due to the limited number of participants in the preliminary experiment.

Itis also interesting to note a gender difference in response to the ambient train carriage
smell, with female participants noting this more than the their male counterparts,
causing a greater impact in their responses to the no odor, first part of the test. This may
explain the reason for the odor intensity of the first test being recorded as much higher
and in the “easily detectable” range in Figure 7.

Barely Easily Very
odorless detectable  detectable detectable Strong strong

T1 58 mTl
mT2

T3

‘ |

T2

24.4

T3 15.4

Figure 7. Result of odor intensity
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unpleasant unpleasant unpleasant pleasant pleasant pleasant
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Figure 8. Results of the preliminary test participants responses to odors pleasantness

Another result of this preliminary test was that participants feedback suggested
alternative wording would be necessary for some of the response options, which were
subsequently revised for the main test questionnaire.

For the preliminary test one diffuser and two circulators were used to disperse odors
evenly and rapidly into the train carriage. These were positioned centrally in the train
passageway (see Figure 6 (left)). However, for the main test where we would need to
disperse the odor during the journey in a more discrete way, we realized that it would
not be appropriate for the equipment to be displayed so obviously. Another problem
we found during the preliminary test is that using only one diffuser required it be placed
centrally in the train carriage, or the odor would not diffuse as evenly as required. In
addition, we conducted the preliminary test on a stationary train, but for the main test
there would be greater exchange of air from the circulatory system in the train ceiling
and drafts through windows and doors, allowing for faster air circulation overall when
the train is moving. Consequently, we improved the setting of the experiment by
including an additional diffuser, with all of the equipment installed more discretely

under the seats for the main test in the moving train carriage.

4.4. Preparation for the Main test

For the main test, we used the improved questionnaire and the experiment settings
described, with the fans and odor diffusers in Figure 9 located at the front and rear end

of the train carriage and kept running for the duration of the experiment. As it was also

necessary that participants would not be forewarned about the particular odors they

12



would be experiencing during the experiment, it was decided that should some
express curiosity about the presence of the fans, the explanation to be given would be

that they were there to increase the air circulation within the train carriage.

&\\\- o/

Figure 9. Main test train carriage setting showing more discrete location of odor diffuser and fan

4.5. Main test participants

The Main test was conducted on 2" of December, 2020. 23 undergraduate and
graduate participants (Male: 14, Female: 9), average age 24.4 years (SD=2.6), were
recruited from the Tokyo Institute of Technology. None of participants had difficulty
with their sense of smell or any medical conditions or allergies. The study was
approved by the Ethical Committee of Tokyo Institute of Technology (2020208). After
receiving an introduction to the experiment, participants signed the consent form in
compliance with the University guidelines governing Human Subjects Research Ethics

Review.

The experiment was conducted in a reserved train carriage, so only the participants
and those overseeing the tests were present. In transit the doors of the train did not

open during the process, to maintain odor intensity.
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Figure 10 is a photograph taken during one part of the experiment. Participants were
seated separately in compliance with Japanese government guidelines for travel on
public transport during the Covid-19 pandemic. This was to address “the Three Cs”:
“Crowded places”, “Close-contact settings” and “Confined and enclosed spaces”. The
participants were also asked to avoid speaking during the experiment, and wore face

masks except during the short duration of the experiment.

B
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e~

Figure 10. View of the participants in the train carriage during the Main test.

4.6. The Main test procedure
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Figure 11. Map of the Isumi Railway in Chiba, Japan

For the experiment the 23 participants were divided into two groups: Group Lavender

and Group Lemon. Each group followed the time schedule shown in Table 2, with Group

Lavender embarking the train at Otaki station. After 10 minutes to adapt to the

surrounding environment they were asked to complete the questionnaire for the first

time. Following this the odor diffuser was switched on dispersing the lavender odor to

the train carriage.

Again, the participants had about 10 minutes to sense the environment before

answering the questionnaires a second time. Group Lemon started from Ohara station

with the time schedule shown in Table 2, the procedure followed being the same as

Group Lavender but dispersing the Lemon odor.

Otaki
station

Group lavender

11:25 | 11:30~11:40 Dgg?se 11:50~12:00 | 12:00

Start Questionnaire Odsi Questionnaire Arrive

13:00 | 12:50~13:00 | 1Z40 | 12:30~12:40 | 12:23
. . . Disperse . .

Arrive questionnaire Odor 2 Questionnaire Start

Group lemon

Ohara
station

Table 2. Main experiment schedule
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5. Results and Discussion

5.1. Odor using habits

The first part of the questionnaire enquires about participants' odor using habits, so this
can be analyzed in relation to the answers given to other sections of the
guestionnaire. Participants were asked about what habitual use they might make of
three kinds of products: perfume, fragrance / aroma diffuser, and fabric softener with
fragrance. These products typically incorporate a pleasant odor as an important element
of their function and are intended to enhance user value. Although odor preference
differs from one person to another, a habit of using these products can influence
participants’ perception of olfaction in their daily lives, hence the need to ask these

questions at the outset.

The results shown in Figure 12 indicate that the participants of this experiment do not

use perfume much, with more than half of the male participants not using it at all.

Almost every day g
2 or 3 times a week % 11

1 or 2 times a month _

Use only when there are T

something important

Rarely use L1

Do not use I

Figure 12. Main experiment participants perfume using habits

The participants’ habit of using fragrance or aroma diffusers is shown in Figure 13,
indicating that 36% of the male and 66% female have a habit of using these products, a

significant increase in percentage compared with using perfume.
As fragrance and aroma diffusers typically release less intense, pleasant scents within a

limited space there may be an incentive for people to include these odors in their daily

lives, with the emphasis being on a controlled dispersal of odor.
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mmale mfemale

Always use I T
Use depending on season

Rarely use [ w18

Do not use I - R

Figure 13. Main experiment participants use of fragrance or aroma diffusers

We also asked about participants’ habit of using fabric softener, which is more generally
used in daily life. The results in Figure 14 show that women’s habit of using fabric
softener is greater than male participants, with the considerable difference of 78% to
7%. From this result, we can infer that female participants are more likely to buy odor
related cleaning products for clothes, with the lighter the odor the using percentage
rising accordingly.

Emale mfemale

Always use I
Use depending on season s mams

Rarely use [ 3N |

Do not use 36% 11%

Figure 14. Main experiment participants habit of using fragranced fabric softener
From this, we can draw the conclusion that female participants’ habit of using odor in
daily life is greater than for the male participants, which verifies previous studies [28],

with use frequency also affected by odor concentration.

5.2. Russell's Circumplex Model results
After analyzing the results of the first part of the questionnaire, measuring the degree
to which an odor induces emotional change in a participating passenger, we arrived at

the results in Table 3.

During the analysis, one participant’s data was excluded because of their significant

difference in arousal level (a change of more than 50 points). This may be the result of
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this participant becoming very sleepy during the experiment and not because of the
odor stimulus. Therefore, we excluded this individual’s data and then conducted the t

test analysis for Group Lavender and Group Lemon.

A B
Mean SD Mean sSD
No odor | Lavender | No odor | Lavender ttest No odor Lemon No odor Lemon ttest
1 Unhappy Happy 69.2 715 15.2 13.4 718 753 128 125
2 Annoyed Pleased 67.3 72.7 12.7 14.5 *(+) 63.0 75.25 139 132 * o (+)
g 3 Unsatisfied Satisfied 69.6 75.3 17.5 16.9 64.4 76.7 15.8 123 * (+)
§ 4 Melancholic | Contented 58.9 69.3 17.6 15.5 *(+) 61.9 75 133 124 * ok (+)
& 5 Despairing Hopeful 65.4 65.4 16.0 13.4 66.9 70.05 146 122
6 Bored Relaxed 70.6 76.1 16.1 14.9 74.4 8135 138 9.2
7 Calm Excited 48.0 36.3 19.0 15.1 *(-) 44.9 353 268 231
8 Sleepy Wide awake | 60,0 425 26.7 27.9 *() 589 351 208 2638 * k()
f_g 9 Dull Jittery 56.5 43.6 15.2 18.0 *(-) 535 38.05 15.2 217 *(-)
E 10 Sluggish Frenzied 54.5 42.5 18.6 16.8 *(-) 519 363 19.2 218 * k()
11 Unroused Aroused 59.0 51.6 18.4 15.6 59.5 55.9 163 185
12 Relaxed Stimulated 38.1 339 17.8 18.2 387 297 135 185

(significance codes * p < 0.05, ** p < 0.01)

Table 3. Main test results of the Russell's Circumplex Model

This table shows the results of both Group Lavender and Group Lemon, including every
word pair of the pleasure arousal scales. The data includes the mean value, standard

deviation, and results of the t-test.

Two word pairs of the pleasure scales in Group Lavender and three in Group Lemon show
significant difference, compared with the no odor results. This means that for these the
participants are feeling more “pleased” and “contented”, while Group Lemon also feel

more “satisfied”.

In the arousal scales four word pairs in group Lavender and three in Group Lemon show
significant difference, indicating that the participants felt more “sleepy”, “dull” and
“sluggish” in both groups, and also more “calm” in Group Lavender as well. Before the
experiment we had anticipated that the Lemon odor would arouse participants’
attention leading to a higher arousal level. However, this data reveals a different story,
that in the context of the train journey it actually makes the participating passengers less

aroused.

One possible explanation for this result is that the fluctuating movements of the train

indices drowsiness. In a study conducted in 2008, researchers investigated the
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relationship between sleepiness and vibrations on several trains, with the potential to
induce drowsiness in each of the trains surveyed defined by the ratio of sleeping
passengers. According to the vibration analyses, the results suggest that vibrations with
a frequency of 1 to 2 Hz could more readily induce passengers’ sleeping behavior [32].
Another reason for the lower arousal level may be that the participants tended to relax

more when they sensed the odor, as they were told that there will be an odor test.

We calculated the pleasure and arousal scores for Groups Lavender and Lemon, shown
in Figures 15 and 16 respectively, indicating emotional change according to the Russell's
Circumplex Model. In this way we could compare the difference between Group
Lavender and Group Lemon’s data in four areas: stressful, exciting, boring, relaxing. This
shows that for Group Lavender, when the lavender odor is detected, the clusters of dots
representing users responses shift from the upper left to a more lower right position,
which is from the more stressful and boring to the more excited and relaxing areas.

Group lavender
. Cz%rousal

40.0

Stressful | Exciting

10.0 0lo 10.0 200 ® 300 ® 400 50.0
10.0® ® o . Pleasure

Bored -20.0 Relax ¢

e noodor e lavender

Figure 15. Group Lavender’s result

For Group Lemon, when the odor was detected the dots shift from left to right, indicating

greater change in the pleasure axis.
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Group lemon

s Arousal
40.0
Stressful, Exciting
20.0
100
0.0
0.0 10.0 00 10.0 20,0 30.0 40,0 50.0
re 108 Pleasure
20.0
30.0
Bored .0 Relax

50.0

no odor lemon

Figure 16. Group Lemon’s result

Where dots sit outside the accumulations this may be the result of a contrast between

some participants perceptions compared with the larger group as a whole.

We also examined the change of pleasure and arousal scores by conducting a t-test
between each group. Table 4 shows the data and result of the t-test, with the pleasure
scores of Groups Lavender and Lemon revealing significant difference. While the arousal
score of Group Lavender indicates variation, that of Group Lemon’s arousal score reveals
no significant difference.

A no odor |A Lavender| pvalue |Bnoodor| Blemon | p value
Mean of 66.8 71.7 0.035 66.9 75.4 0.013
Pleasure
Mean of 52.7 417 0.001 487 405 0.086
Arousal

Table 4. Result of pleasure score and arousal score

5.3. SD method results
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Figure 17 shows the result of the SD method, indicating the degree to which passengers’
perceptions of the train carriage changed because of the odor stimuli. This figure shows
both the SD profile and the result of the t-test.

From these results, we can detect that several of the 25 adjective pairs showed
significant difference, indicating that perception of the train carriage environment is

affected by odor stimuli.

Result of T-test

0 100 A 8
1 hate . like
2 unpleasant \ » pleasant
3 unapproachable ___,__,_——-\ approachable
4 frugally — luxurious * % * *
5 Normal —wi Personalized * % *
6 Dirty 1“‘)‘ + clean
7 ar‘tlflC]‘.al <X natu:{'al
8 Oppressive T spacious
9 vague <yl clear
10 dark » bright *
11 bitter : sweet * *
12 heavy light
13 restless : calm *
14 cold warm
15 unnostalgic nostalgic
16 nervous restful
17 featureless varied *
18 murky limpid *
19 unstable stable
20 anxious refreshed
21 hard soft *
22 weak . powerful
23 plain 2 rich
24 depressing i fresh
25 violent RSN mi 1d
—e— A no odor —e— A Lavender B no odor B Lemon (% p<. 05, #% p<, 01)

Figure 17. Combined results of the SD profile and t-test

Table 5 includes the adjective pairs showing the most significant variance. Among
these, both lavender and lemon odors have an increased influence indicated by the
responses given to the pairs: “Frugally-Luxurious”, “Normal-Personalized”, “Dark-
Bright”, and “Bitter-Sweet”. We can also infer that, according to each odor’s
characteristics, passengers’ perceptions of the train carriage atmosphere also changed;
“restless-calm” and “hard-soft” is possibly influenced by lavender odor’s sedative
characteristic, while responses to “featureless-varied” and “murky-limpid” are effected

more by the lemon odor.
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Group Group Possible
lavender lemon explanation
1 frugally luxurious i T
2 normal personalized ) T
3 dark bright T 7
4 bitter sweet 1 T
5 restless calm i Lfavender s
influence
Lemon is
6 featureless varied 7 more
recognizable
. Lemon’s
7 murky limpid ! influence
Lavender’s
8 hard soft f influence

Table 5. Result of SD method

5.4. Odor cognition in the Main test

odorl X Easily Rather Really Extremely
oriess Falnt ador detectable strong strong strong
| |
I 1
0 100

Lemon 36.9

Figure 18. Result of odor intensity
The odor intensity that participants felt is shown in Figure 18, indicating this to be at a

level that was ‘easily detectable’. (Only 1 of the 23 participants could not detect the
odor.)
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Extremely  Really Quite Quite Really Extremely
neutral
unpleasant unpleasantunpleasantunpleasant pleasant plaasant pleasant pleasant
| |
1 1
0 100

Lemon 71.28

Figure 19. Result of participants’ perceptions of odor pleasantness

Figure 19 reveals the participants’ ‘pleasantness’ perceptions of the odors indicating
both lavender and lemon to be between “quite pleasant” and “pleasant” with little
difference between the two.

5.5. Participants comments

Table 6 charts some keywords from participants’ comments during the ‘No odor’,
‘Lavender’ and ‘Lemon’ odor tests. For ‘no odor’, individual differences are evident, with
one respondent noting the smell of other people, two others (from Group Lemon)
mentioned a faint natural smell (possibly faint traces of the lavender odor from the
earlier test), and another participant (from Group Lavender) saying they could not detect
any odor at all. Given that all participants were informed that the test included an
experiment about odor this may have made them more attuned to their perception of

the odor within the train carriage prior to completing the questionnaires.

No odor Lavender Lemon

Relax, pleasant, feeling good, refresh, do Relax, calm, stimulate nose, better

Alittle unpleasant because Feeling of participants not feel uncomfortable feeling, comfortable, sleepy

of smell of people
Kinds of odor Grapefruit, fruit, adhesive, orange, grass Cookie, citrus(three), orange, lemon

Two mentioned a faint smell, lavender (two) (one)
natural smell

. Description of odor ~ Sweet, soft, warm Sweet, warm(two), fresh, light
One didn’t feel any odor
during the whole Good odor but do not match with
experiment i
: Other Easily to feel Car sick socmery outside

Remind of the vegetable flowers of
Isumi railway

Table 6. Example of participants comments
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For Lavender and Lemon the comments are categorized by the participants’ feelings, the
kinds of odor they sensed, their description of it, and other thoughts. Commenting on
the lavender odor participants noted that they felt relaxed, pleasant, feeling good,

refreshed, and did not feel uncomfortable.

The lemon odor was responded to as causing feelings of inducing a ‘better feeling’, being
relaxed, sleepy, calm, comfortable and nose stimulating. In this ‘feeling’ section most
comments in both groups were quite similar in sentiment despite the different odor
stimuli, although Group Lemon did include the comment about the odor inducing a
‘sleepy’ feeling. (There is a possibility that as this was a test held later in the day this may
have contributed to this particular response.)

In relation to the ‘kinds of odor’, in Group Lavender only two participants correctly
identified the odor used for the test, with others in the group offering several alternative
suggestions. By contrast, in Group Lemon five participants recognized it as citrus, orange
or lemon odor. This result suggests that lemon or citrus odor is easier for the participants
to correctly identify. Citrus odors appear frequently in our daily lives (both as natural and
synthetic smells) so it is possible that the participants are more familiar with it than the
lavender odor. However, lavender is quite commonly applied in air fresheners and
cosmetic products, the latter being used more often by women. For this experiment
there was a lower ratio of women participants which may also explain why the level of
recognition for the lavender odor was not higher.

The descriptions of the odors, both for lavender and lemon, include “warm” and “sweet”.
It is possible that, given the temperature difference of the train carriage interior
compared with the temperature outside, this may have influenced this choice of
description, although it is also possible that this term may be associated with feelings of
well-being induced by odors that are generally perceive to be pleasant within an
environmental context. In the case of lavender, the word “soft” is also used, while for

lemon the terms “fresh” and “light” are chosen to describe the odor.

Another comment by one participant mentions ‘motion sickness’ and another notes that
the odor inside the rain carriage does not the scenery visible through the windows. For
motion sickness, there is a study that explores this in the context of odor. This found that
there is currently a lack of evidence to demonstrate a causal link, although there was an

impact on olfactory perception noted through a nauseogenic test, which showed that
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odor pleasantness changed [33]. Visually induced motion sickness, however, was found
to be potentially reduced by pleasant odor [34]. The relationship between olfactory

perception, olfactory sensibility, and motion sickness is still waiting to be clarified.

The comment noting a disconnect between the odor and the scenery along the Isumi
railway, might suggest connections between color/visual stimuli and odor (and thus in
commercial contexts, associations with brand imagery), but this is also speculative and
requires further investigation.

6. Conclusions

6.1. Conclusions

From the evidence above it is possible to draw the conclusion that pleasant odors inside
train carriage could affect railway users’ emotions. Both lavender and lemon ambient
odors increased railway users’ pleasure levels. Interestingly arousal levels are reduced
despite thus use of one high arousal odor (lemon) and one low arousal odor (lavender)
for the train carriage tests. Participants sense of the atmosphere within the train carriage
was affected by odor stimuli in relation to aspects of their psychological responses,
feelings and perception of the odor properties.

6.2. Considerations

The results of this experiment must be read in relation to the limitations that prevailed
at the time of the tests, such as temperature difference, adaptation effects, and the
limited sample number. During this study, experimentation with fewer participants was
required due to the Covid-19 pandemic situation. All participants traveled by bus to the
railway station, and as they were inside the same train carriage for the tests, had to
maintain social distancing, thereby limiting the numbers who could participate. Since
both groups of participants experienced the process from no odor to with odor an
adaptation effect should also be taken into account, and considered when designing
future related experiments.
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