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Effect of scent on comfort of aircraft
passengers

Xinhe Yao*, Yu Song and Peter Vink
Faculty of Industrial Design Engineering, Delft University of Technology, The Netherlands

Abstract.

BACKGROUND: Scents may influence the perceived comfort of an environment. There are only a few studies conducted
on the relationship between scent and comfort in aircraft cabin.

OBJECTIVE: The goal of this research is to explore whether relationships between scents and perceived comfort can be
found for passengers in an aircraft cabin.

METHODS: 276 participants joined an experiment in a Boeing 737 fuselage. The participants were divided into nine groups
and each joined a session for 60 minutes with the exposure to different scents. The effect of the odor was measured by a set
of questionnaires at the beginning and at the end of the session. Results of questionnaires were analyzed regarding the effects
on the completion time, of the type of scents, of the intensity of the scent and on gender.

RESULTS: Significant differences were found at the beginning and at the end of the experiment regarding comfort and
emotion, but sometimes no relations could be established. The influence of different scents on comfort/discomfort varied
and changed over time. However, in all scenarios, participant’ scores on emotion decreased. Additionally, the added scents
influenced the linearity between the changes in comfort and discomfort.

CONCLUSIONS: Smell could influence the perceived comfort/discomfort of aircraft passengers over time, and different
types of smells have different effects on passengers. The preferences on scents are diverse, which highlights the need for

personalization in aircraft cabin design.

Keywords: Smell, comfort, discomfort, emotion, aircraft cabin environment

1. Introduction

Travelling by air has been becoming more afford-
able and more popular [1]. Offering a better comfort
experience to passengers is of interest to the airlines,
as a correlation has been found between the com-
fort of an aircraft cabin and the user’s preference of
“flying again with the same airline” [2].

Vink and Hallbeck [3] defined comfort as: “a pleas-
ant state or relaxed feeling of a human being in re-
action to its environment”’. Therefore, comfort can be
seen as an effect of physical stimuli and the physi-
cal, mental, emotional and social states of a subject
over time. In the past decades, many studies have
been conducted to explore different physical stimuli
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that may influence passenger comfort. For instance,
Krist [4] and Bubb [5] stated that comfort is influ-
enced by six factors: anthropometry, climate, sound,
vibrations, light and smell for automotive passengers.
Among those factors, smell was considered to be
one of the basic influential aspects. It is placed as
the base of the discomfort pyramid [6]. Bouwens et
al. [2] also explored the importance of those factors
for aircraft passengers and they ranked smell as the
third most important factor regarding their experi-
ence on aircraft interior comfort. Additionally, they
found that smell could influence people’s experience
unconsciously [7].

Smell is everywhere in the human daily life, and it
is one of the ways to communicate with the surrou-
nding environment, i.e. identifying species and det-
ecting danger [8]. Different odor compounds are
sensed by odor receptors located in the nose
after exhalation and then processed by the brain.

1051-9815/21/$35.00 © 2021 — The authors. Published by IOS Press. This is an Open Access article distributed under
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Meanwhile, odor compounds can also be absorbed
through skin and influence brain neurotransmitter
and hormone levels [9]. These signals are then com-
municated to higher cortex regions, which manages
conscious thoughts process, before moving into the
limbic system and producing sensational physical
behavior [10].

Smell may influence the mental state of a sub-
ject. For instance, the stress biomarkers, dehydroep-
iandrosterone, oxidative stress, estradiol, dopamine,
cutaneous barrier, sebum secretion and the cutaneous
immune system of human are all influenced by olfac-
tory [11]. In folk medicine as well as in aromatherapy,
essential oils and fragrance compounds are widely
used as a solution for labor pain, chemotherapy
side effects, rehabilitation of cardiac patients, restless
sleep and post-surgical discomfort [12].

Smell may also change the emotional state of
the subject by influencing mood, evoking powerful
experiences of pleasure or displeasure, producing al-
ertness or relaxation, and evoking long-forgotten
emotional memories [13]. In 1986, Gibbons found
that olfactory functions may be able to evoke partic-
ular memories and emotions in a more direct way than
other senses [14]. Lieff and Alper [15] also described
olfactory as “our most emotional sense” , which could
be explained by the neural structure involved in odor
signal processing, as the neuroanatomy of olfactory
is intertwined with emotion processing regions in the
brain [16].

Smell is also related to the social behavior of
human beings. Research showed that natural body
odor informs social judgments about health, gender,
sexual orientation, and even individual identity [17].
People are more prosocial and willing to help others
in the environment with pleasant ambient fragrance
[18]. Trust can also be enhanced implicitly via unde-
tected smells [19].

In short, smell may influence the perceived comfort
by influencing the mental, emotional and social states
of a subject. For instance, in the comfort model devel-
oped by De Looze [20], emotion was mentioned as a
factor with strong impact on comfort. Ahmadpour et
al. [21] also identified the strong correlation between
the state of emotion and the perceived comfort of pas-
sengers in aircraft. It is also believed that bad odors
from a neighbor in a closed space, e.g. aircraft cabin,
can cause a negative effect on the perceived comfort
[22].

However, the relations between different scents
and the perceived comfort/discomfort of air passen-
gers over time are not fully explored. For instance,

the ability to distinguish a particular odor after
a prolonged exposure (olfactory fatigue) regarding
comfort is not clear yet, as the limited space inside
an aircraft cabin makes it difficult for odors to dis-
sipate and it is unknown at which point humans get
used to a scent after in an environment, thus cause
olfactory fatigue [23]. The effects of different types
of smells with different intensity on comfort are also
not fully explored.

2. Materials and methods

The aim of this study is to explore relationships
between exposure to scents and the perceived comfort
over time. The study was conducted in a Boeing 737
fuselage and was designed to be a between-subject
experiment. A total of 276 university students (154
females, 93males, 29 not mentioned) were invited to
participate in the study. The students were divided
into nine groups, and each group joined a session
which lasted around 60 minutes. These nine sessions
were carried out during three days with three ses-
sions per day. The first session of each day were used
as a control group, i.e. the researchers did not add a
scent in this session. From the second session, scents
were introduced. Due to its wide usage in aromather-
apy, the pure essential oil was selected to produce the
smell [12]. In the second session of each day, 4 drops
(about 0.05 ml/drop) of essential oils (brand: Holland
& Barrett) were applied to each of three aromatherapy
burners. These three identical burners were deployed
in the front, the middle and the end of the fuselage
cabin, respectively. In the third session of each day, 12
drops of essential oils were applied to double the per-
ceived intensity of the smell. The number of drops
was calculated based on Steven’s power law [24],
which describes the relation between the perceived
changes (P) and the actual changes of physical stim-
ulus (I) as P = KI¢. Here k is a constant and for
smell, it was set as 0.6. After the third session, the
session with the most intensive scent used, of each
day, a forced air ventilation was utilized to disperse
the residual smell to prepare the experiment for the
following day. Three types of scents, lavender, cedar
and mandarin were used each day during the three-
day experiment. Everyday only one type of scent in
different intensity was used. Table 1 lists the setups
and the schedule of the experiment. The reason of
choosing these three scents is that there are indica-
tions that these scents have the function of improving
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Table 1
Experiment schedule
1% day 27 day 3 day
Session 1 No scent added No scent added No scent added
15min break, change of groups
Session 2 Lavender (4 drops) Cedar (4 drops) Mandarin (4 drops)
in each burner in each burner in each burner
15min break, change of groups
Session 3 Lavender (12 drops) Cedar (12 drops) Mandarin (12 drops)

in each burner

in each burner in each burner

the mood by increasing the feeling of calm, relaxed
and reducing stress [25].

The comfort/discomfort questionnaire [26] (11
point scale; 0 =no comfort/discomfort, 10 = extreme
comfort/discomfort) and the PrEmo questionnaire
[27] were used in this study to get an indication of
the perceived comfort/discomfort and the emotion.
PrEmo questionnaire is a non-verbal self-reported
questionnaire contains in total fourteen emotions
including seven positive emotions and seven negative
emotions expressed by a cartoon character [27]. The
division of emotions was also mentioned by Russell
[28] that all the emotions can be placed in the scale
of arousal(high-low) and valence(positive-negative).
The procedure of each session was the same, in which
the host researcher welcomed the participants and
then acquired a signed informed consent form from
each subject. The participants were then seated and
completed a comfort/discomfort questionnaire and a
PrEmo questionnaire. After filling in the question-
naires, participants were asked to sit and use their
mobile phone . They could do the task they wanted
(e.g. texting, reading, gaming). Every 10—15 minutes,
they had a chance to walk in the cabin to avoid the
occurrence of physical complaints on comfort and
discomfort [29]. Each session took 60 minutes. At
the end of the session, the participants were asked to
complete the second set of questionnaires, which was
the same as the first set. To avoid allergy, participants
were informed of the scents prior to the experiment,
so they can register themselves into control groups.

In the process of analyzing the data collected from
the experiment, missing data (dependent on the ques-
tion 11-18 out of 276 answers were missing) were
excluded for the analysis. In the interpretation of
the emotions in this study, the fourteen emotions
were divided into two groups, either positive emo-
tions or negative emotions according to Desmet and
Wassink [27]. All negative emotions were assigned
as -1 while the positive emotions were set as 1.
Data sets were grouped regarding completion time,

Table 2
‘Weather conditions during the experiment
Day 1 Day 2 Day 3
Temperature 17.5 15 17
Humidity 94% 80% 88.5%
Atmosphere 1005 mbar 1010 mbar 998 mbar
pressure

scents, intensity, time and genders. The normality of
the data was then checked using the Shapiro-Wilk
test [30] with and without log transformation. Since
the distribution of data did not fit the normal dis-
tribution, the Mann-Whitney U test was selected to
evaluate the dependence between data sets. Princi-
pal components analysis(PCA) [31] was conducted
regarding the changes of comfort and discomfort.
There were rainfalls with varied precipitation from
time to time during the three days and the tempera-
ture on the three days were 17.5°C, 15°C and 17°C
respectively while the humidity were 94%, 80% and
88.5%. Detailed information regarding weather can
be found in Table 2. Considering the importance of
the humidity and temperature on perceived comfort
[4, 5], data of control groups was not combined.

3. Results

Table 3 shows the means and standard deviations of
scores of comfort and discomfort in 9 sessions. Two
sets of data with statistically significant differences
(p<0.05) are linked by lines.

Control groups scored quite scattered in the evalu-
ation of comfort at beginning of the three sessions
(5.19+£1.85, 5.71£1.49, 4.55+1.89). However,
when the scents were introduced, the levels of per-
ceived comfort often dropped over time. Compared
with the control groups, the smell of mandarin, no
matter strong or weak, significantly raised the com-
fort at the beginning of the experiment (p < 0.05). For
the other 2 scents (lavender and cedar), no signifi-
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Table 3
Changes of scores of comfort and discomfort in nine sessions (scale 0—10)
Scents N Mean SD Mean SD
(Omin) (Omin) (60min) (60min)
Comfort Control 1 36 5.19 1.85 5.33 1.71
Weak lavender 30 5.70 - 1.51 4.93 - 1.74
Strong lavender 31 497 |- 1.82 4.58 2.14
Control 2 33 5.71 1.49 5.12 1.52
Weak cedar 33 5.76 1.62 5.64 1.75
Strong cedar 33 5.53 1.42 5.09 - 2.11
Control 3 29 4.55 1.89 4.89 1.99
Weak mandarin 24 L5.60 - 1.94 5.17 1.99
Strong mandarin 18 - 5.67 1.14 5.56 - 1.62
Discomfort Control 1 36 3.78 1.64 4.08 2.03
Weak lavender 30 3.37 1.65 4.47 2.08
Strong lavender 31 3.97 - 2.01 4.81 - 1.94
Control 2 33 3.62 1.72 4.15 1.97
Weak cedar 33 2332 1.55 r 4.00 1.82
Strong cedar 33 L4.26- 1.81 L 494 2.00
Control 3 29 4.87 1.93 5.00 1.90
Weak mandarin 24 4.16 2.06 4.50 2.17
Strong mandarin 18 -3.56- 1.20 4.00- 2.06

cant differences were found when compared with the
control groups.

In all sessions, discomfort increased after 60 min-
utes. Lavender and cedar led to higher discomfort
scores compared with the control groups. The inten-
sities regarding lavender and cedar, high intensity
led to higher discomfort scores at both the begin-
ning and the end of the experiment. However, the
effect of mandarin is different where participants
reported lower discomfort scores on high intensity
smell.

For males, significant differences were found
between control group 2 (4.60 & 1.65) and the strong
cedar group (4.11 £=2.52) and between the weak ce-
dar group (mean 4.07 £ 1.94) and the strong cedar
group (4.1142.52) at the end of the experiment
regarding discomfort. Differences were also found
between control group 3 (4.92 £ 2.06) and the weak
mandarin group (5.63+£1.67) and control group
3(4.92+£2.06) and the strong mandarin group
(5.67 £ 1.32) on comfort at the beginning and bet-
ween control group 3 (4.85+1.91) and the strong

mandarin group (3.67 &= 1.58) on discomfort at the
beginning. We did not find any significant differences
between the female groups although the number of
female participants was larger.

Figure 1 (a, b and c ) present the relations between
the changes of comfort and the changes of discom-
fort over time regarding all three scents, respectively.
The PCA showed that for control group 1, the first
component (PC1) explains 56.06% of the variation
and the second (PC2) explains 43.95%. For the weak
lavender group, PC1 explains 84.59% of the variation
and the PC2 explains 15.50%. For the strong laven-
der group, PC1 explains 76.91% while PC2 explains
23.09%. In both scenarios with light and strong smell
used, PC1 increases while PC2 decreases, the dif-
ference between two components becomes larger.
This trend is similar on the second and the third
days showing that the scores were more linear in the
scenarios with scents, compared to control groups,
with the exception of the light smell in day 2. The
exact values of different components are shown in
Fig. 1.
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Fig. 2. Average values of emotion at the beginning and the end of
the experiment.

Figure 2 shows the emotions of nine sessions at
the beginning and the end of the experiment. Often,
the changes were negative except for control group
3. For weak cedar, strong cedar and strong mandarin,
the score decreased less and ended with pos-
itive emotion. For participants exposed to lavender,
no matter strong or weak, their emotion changed
most towards the negative side. No significance was
found among scents at the beginning of the exper-
iment. Among all scenarios, a significant change
from beginning (0 £ 1.02) to the end (-0.64 +0.78)
was found for strong lavender only. For different
types of scents, significant differences were found
between control 1 (-0.09 £ 1.01) and strong laven-
der (-0.64+0.78) groups, strong lavender
(-0.64£0.78) and strong cedar (-0.13£1.01)
groups, strong lavender (—0.64 +0.78) and strong
mandarin (0.06 & 1.03) groups at the end of the
experiment. Compared to the groups using other two
scents, the strong lavender group gave the lowest
score regarding emotion at the end of the experiment.

4. Discussion
4.1. Effect of scent on comfort/discomfort

Effects of scents on comfort are dependent on
the types of scents, the intensity and the gender of
participant, and sometimes, no effect could be found.
For discomfort the variation was less.

In all circumstances, comfort dropped and discom-
fort increased after 60 minute exposure to sitting in
an aircraft seat which is in accordance with the find-
ings of Vink et al. [32]. Scores on comfort were very
dispersed, which could be a result of the variety of
personal preference on scents.

Regarding the types of the scents, lavender scored
quite negative when calculating the average for
discomfort, and also scored negative for emotion.
However, it was found that lavender fragrance blend
had a significant transient effect of improving mood
and increasing a relaxed feeling in an earlier study
[33]. The mixture of the context smell in the cabin and
the lavender smell might even have caused this effect
on the passengers’ perception of comfort/discomfort.
Slightly better results on both comfort and discom-
fort were achieved with mandarin. Mandarin could
have helped to achieve a better score on comfort
since it is linked to food. Positive effects on comfort
have been found when food is served in cabin. At
the same time, citral in mandarin may help to cre-
ate a relaxed, pleasant and energetic feeling [34].
Cedar scent in different intensities influenced dis-
comfort differently but there was no difference found
between groups with cedar and control groups. The
reason could be that the sense and preference are
very personal while the smell creates a trend of
homogeneity.
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4.2. Effect of scent on emotion

Changes in emotion for the three control groups
were quite different, especially on the 3™ day. The
atmosphere pressure on the third day (998mbar) was
the lowest in three days (the other two days were
1005mbar & 1010mbar), which may be the reason
for the difference. In the study done by Burdack-
Freitag et al. [35], it was also observed that odor
thresholds of flavorants increase at low pressure con-
ditions. There were few exceptions in the experiment
and the odor spectrum of drinks changed differently
but it was clear that atmosphere pressure influence
the odor thresholds.

In most scenarios, there was no obvious distinc-
tion between groups where scents were added and
between control groups. This can be a result of the
existence of the context smell inside the cabin since
the context smell cannot be removed and new scents
were mixtures of context smell and added scents. The
odor compounds of context smell in cabin still had a
major role in the experiments, especially in scenarios
with low-intensity scents. Using strong lavender is the
only scent which had a significant drop on emotion
after the experiment, using weak lavender was sig-
nificantly better than strong lavender. This suggested
that intensity can play an important role on the per-
ception of smell since intensity of a certain smell can
strongly influence the feeling of pleasantness [36].

In most circumstances, negative effects were
shown both on overall comfort/discomfort and emo-
tion, which shows some correlation between the
effects on emotion and comfort as described in pre-
vious studies [20, 21, 37].

4.3. Gender difference regarding smells

Scent appeared to have influenced males more
than females. However, results of previous studies
reported that females have more neuronal and non-
neuronal cells in their olfactory bulb than males,
which might indicate a higher sensitivity to smell
[38]. It could be that although females smell these
scents, these scents do not influence their comfort or
discomfort in an airplane sitting for an hour. However,
this should be further researched.

4.4. Limitations
The activities for the simulated flight were not

exactly the same as in a normal flight. In this exper-
iment the passengers did move in the cabin in order

to reduce the impact of physical complaints on over-
all comfort/discomfort. This (more variation) could
have influenced the outcome because this is not often
seen in a normal flight situation. Keeping participants
seated the entire experiment could be an option in the
future to be closer to a real scenario.

To prevent any potential allergy, we informed the
participants about the types of essential oils that
will be used before the experiment. Outcomes of the
experiment might be different if the participants were
not informed before.

4.5. Design implications

During data analysis, large variations in outcomes
were observed. Although all the participants were
in the same environment, the perceived smell dif-
fered, which is related to odor receptors due to gene
differences [39]. This indicates that forcing passen-
gers to share the same odors in the air might not be
a solution to please everyone. The design strategy
should not be to “design for average” when utiliz-
ing scents in an airplane cabin [40]. This strategy
is not typical for scent. The amount of personalized
“mass-produced” items is increasing and different
brands are seeking opportunities to be more attrac-
tive to consumers by offering personalized products
as well as services [41]. In the car industry, a grad-
ual change towards accommodating individuality is
available [42]. In present day aircrafts, many passen-
gers have the same seat and limited choice of food. In
passenger experience research, more differentiation
is shown, following the same trend as the car industry.
Compared with individual transportation systems, the
large diversity in passengers does not make person-
alization a simple task. However, actions have been
already taken, i.e. ordering your food online before a
flight. The use of smell in cabin could also be person-
alized, at least partly personalized. The differences in
human olfactory systems between individuals makes
personalization in scents more necessary.

5. Conclusion

Smell influences the perception of comfort and
discomfort in an aircraft cabin. The effect of smell
differentiates over time and does not only contribute
to the first sight comfort/discomfort but also had an
impact at the end of the experience in short haul trips.
In this experiment the trend of decreasing comfort or
increasing discomfort over time did not change by
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adding scents. In this case, adding scents did make the
correlation between change of comfort and change
of discomfort more linear. The effects of different
scents vary person-to-person and adding more scent
to make it stronger was not helpful to achieve better
results. Emotion changes were found with different
scents and may have resulted in different perceptions
of overall comfort/discomfort. It is recommended
for future designs regarding diverse individual pref-
erences, to personalize scents or smell in airplane
cabins.
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