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Abstract
The primary purpose of this paper is to investigate the possibility of using a Full Flight Simulator (FFS) as an experimen-
tal setup for passengers’ comfort analysis. Results based on subjective measurements are thus presented to assess comfort 
levels experienced during a simulated flight. A preliminary investigation has been conducted on a sample of 125 candidates 
to gain insight into the elements influencing the comfort level perceived based on the participants’ actual flight experience; 
this suggested that the seat configuration is of great importance. Then, the experiment carried out by means of the FFS have 
been conducted on a reduced sample of 20 candidates for economic and organizational reasons. The behaviour of the 65% 
of the candidates has been analysed in a seating configuration comparable to the seat of a business-class aircraft. While the 
experience of the remaining 35% has been studied in an economy-type seat arrangement. Although the main variable under 
consideration was the seat, several environmental parameters were also considered during the experimental tests to evaluate 
their effects on perceived comfort level. During each simulated flight, passengers have been subjected to different levels of 
light intensity, noise, temperature and vibration associated with the different flight phases. Subjective data were collected 
using a questionnaire concerning every parameter and submitted to the passengers for each flight phase. The aim of vary-
ing the environmental parameters inside the cabin was to look for a relation between the subjective comfort level and each 
comfort parameter. In addition to perceived comfort based on the questionnaire, statistical analysis with parametric and non 
parametric tests revealed significant effects of environmental variables.

Keywords Passenger comfort · Flight simulation · Subjective assessment · Cabin aircraft · Parametric and Nonparametric 
tests

1 Introduction

In the COVID-19 post-pandemic, people are regularly 
recovering their transport activity [1]; they travel for many 
reasons, such as work or pleasure. In this framework, the 
airplane is back one of the leading used transportation means 
whose use is constantly growing, determining a great busi-
ness opportunity for airlines. Passengers choose airlines 
taking mainly into account some parameters that regard 
the flight itself, namely the price of the flight or the travel 

time. Other parameters that passengers consider to decide 
which airline they are flying with are related to marketing 
and previous comfort experience. Therefore, it is rightful 
to think of an increase in comfort to attract more passen-
gers and create a possibility of financial growth for airlines 
[2]. Passenger comfort can be defined as a state of psycho-
physiological balance between a human being and the envi-
ronment surrounding him. It is always a subjective sensa-
tion of wellness [3]. It follows that the design of comfort is 
a challenging task from an engineering perspective since 
each passenger has its sensation of comfort, which in turn 
means that the comfort cannot be uniquely and quantitatively 
defined. Despite this difficulty, it is possible to design a pas-
senger cabin by considering some essential parameters in 
the project’s preliminary phase coming from the passenger’s 
personal experience. For example, one possible approach is 
assessing passenger comfort based on different cabin layouts 
in terms of coatings, ergonomics, microclimate, noise and 
vibration levels, and ambient lighting. Thus, despite all the 
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new cabin design and construction technologies, the most 
critical design parameter to obtain “comfort” is the passen-
ger experience.

The first part of this work describes the different param-
eters that affect cabin comfort. The influence that cabin 
lighting can have on passenger comfort has been discussed 
as well as the effects on comfort induced by the microcli-
matic conditions of the cabin in terms of air temperature and 
humidity. The dependence of comfort on noise and vibra-
tions and the ergonomic aspects of the seat have also been 
considered.

The second section initially describes the syllabus of 
flight missions accounting for all possible environmental 
arrangements studied. Subsequently, the questionnaire for 
subjective analysis is detailed and presented; afterward, 
the section describes the tools used to measure the stud-
ied parameters and experimental setup with passenger seat 
configurations.

The third section presents and comments on the results 
collected from the experimental campaign. The flow model 
of data collection and analyses is initially introduced in the 
section; then, it follows the description of the sample and 
preliminary statistical analysis of collected responses. The 
results of experimental tests are analyzed regarding the seat 
configurations and the levels of light, temperature, noise, 
and vibration settings.

The conclusion section presents an overview of the results 
obtained and possible future developments.

1.1  Cabin comfort and ergonomics

The passengers spend several hours seated in airplanes while 
they are exposed to social, environmental and physical stim-
uli. The seat ergonomics, therefore, represents an important 
part of the perception of comfort. The seat comfort experi-
ence can be described in terms of a series of indexes such as 
“feeling relaxed and restored” or, on the contrary, having the 
“feeling of fatigue or heavy legs” [4]. However, it should be 
pointed out that the seat comfort experience is largely influ-
enced by the passengers’ expectation of the flight along with 
their tendency to stay still or not during the flight. Moreo-
ver, it should also be mentioned that other important factors 
influencing seat comfort are the legroom area, the seat tilt 
adjustment and the environment of the cabin [5, 6].

De Looze et al. [7] distinguish three latent factors influ-
encing sitting comfort and discomfort: the human, seat, and 
context levels. In particular, physical capacity and expecta-
tion affect the human; seat material features with aesthetic 
design influence the comfort; the environment and psycho-
social aspects impact the context level. The scheme proposed 
by De Looze et al. was replaced by Hiemstra-van Mastrigt 
et al. [6] who focused their literature review on passenger 
seat comfort and discomfort in a human-product context 

interaction. Discomfort is associated with sensations of pain, 
soreness, and numbness and is driven by physical constraints 
in the design. Comfort, on the other hand, is related to feel-
ings of well-being and relaxation and can be influenced by 
aesthetic appearance. For instance, at the context level, the 
physical environment has an influence on sitting discomfort 
and comfort, whereas, at the seat level, aesthetic design can 
influence sitting comfort. The models of De Looze et al. [7] 
contribute to understand the concepts of ‘comfort’ and ‘dis-
comfort’, but they are useless for predicting either comfort 
or discomfort.

During the research, activity carried out by Kremser et al. 
[5], the subjects evaluated their feelings about the differ-
ent tilt angle of the seat backrest and the available legroom 
spaces. At first, the passengers have been asked to rate on 
a Likert scale the agreement of the sentence with the flight 
scenario accounted for during the experimental campaign. 
In detail, the used Likert scale ranged from 1 (strongly dis-
agree) to 5 (strongly agree). Successively, the passengers 
have been asked to rate their general level of wellness on a 
scale from1 (lowest level of wellness) to 10 (highest level 
of wellness). Correlating the subjective evaluations with the 
objective measures, it has been found that the wheelbase of 
the seats for maximum wellness varies from 34 to 42 inches 
and legroom space ranges from 32 to 40 inches, depend-
ing on the anthropometry of the passenger [6]. It has thus 
been found that comfort does not simply grow with a wider 
wheelbase, but there is a critical point where larger spaces 
for the legs lead to less wellness. The optimum seat incli-
nation is heavily influenced by the knee-hip distance. The 
influence of visual perception on the general wellness of pas-
sengers was also shown. The spatial perception of subjects 
with a lower height can be governed by the feeling of being 
in limited spaces.

Many researchers have focused over the years on seat 
ergonomics as a fundamental element of comfort for the 
different transport means; among these, a recent work by 
Molenbroek [8] investigates changes in spaces over the past 
several decades and discusses the impact of those changes 
on seating in transport, with particular attention to airliners.

Therefore, the aim of the present study is to investigate 
whether it is possible to predict passenger seat comfort and 
discomfort on the basis of the context and seat characteris-
tics. With respect to the experiment carried out in the pre-
sent work, one of the seats employed has a position control, 
therefore it was decided to fix the distance between the seats 
equal to 38 inches in accordance with the results obtained 
by Kremser et al. [5].

Taking into account the aforementioned points, it can 
be concluded that there exist several parameters to be 
considered. However, since the aim of the present work is 
the overall comfort evaluation and considering that a “too 
long” questionnaire can weary and bore the passengers [9], 
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nullifying the validity of a comfort subjective evaluation 
campaign, it has been decided to acquire seat comfort infor-
mation by address just three questions to each passenger for 
each flight phase.

1.2  Cabin lighting comfort

The position of the cabin light, both direct for reading and 
indirect, is a factor that can positively or negatively influ-
ence passenger comfort. From an objective point of view, 
some factors that contribute to passengers’ discomfort com-
ing from the cabin light are the colour, the colour of the 
objects, the brightness, the intensity, the colour temperature, 
the contrast and the reflection of objects [10]. In particular, 
Vertamatti and Jurandir [10] arranged a regional aircraft 
simulator cabin lighting system with LEDs in such a way 
to control the lights colour among CW (cold white), RGB 
(red, green, blue) and WW (warm white). They asked the 
passengers to evaluate their perception of comfort under-
lighting combinations during the boarding, cruise, on-board 
service, and landing. The subjective evaluation was based on 
the psychometric method of Semantic Differential [10] with 
15 pairs of adjectives. Participants evaluated their perception 
of lighting by marking a point on an unclassified line, with 
bipolar adjectives at the extremes. The points collected were 
converted into real numbers rounded to the tenth and then 
analysed statistically. The result of Vertamatti and Jurandir 
[10] research was that different colours could be used in 
different phases of flight to maximize the comfort level. In 
particular, the white colour light proved to be inadequate in 
many regards, while the orange and blue colours, in most 
evaluations, had satisfactory comfort indexes.

From a subjective point of view, the psychological effects 
of lighting should also be considered. For example, [11] and 
also [12] discuss how the colour of lighting can be used to 
influence the thermal comfort of the passenger. The discom-
fort also depends on the time of exposure and is obviously 
related to some factors such as age, the asymmetry of the 
visual system or the eyes movement [13, 14]. Using a cabin 
of a single-aisle aircraft under realistic condition, Albers 
et al. [12] examine whether the use of coloured light can 
influence a group of 199 aircraft passengers in terms of tem-
perature sensations and the climate perception. Two lighting 
scenarios were combined with different temperatures, and 
results observed in the whole sample show a relationship 
between yellow and blue colour on climate perception. The 
results of Albers et al. [12] according to the analysis pro-
posed by Winzen et al [11] lead us to next cabin comfort 
aspect.

In this work, to design the questionnaire, the semantic 
differential method was used. However, unlike the work 
conducted by Vertamatti and Jurandir [10], the focus of this 
work was on the light intensity, because analysis of the shade 

of colours would require changes to the simulator lighting 
system. Again, to lower the burden of the questionnaire, two 
questions for the evaluation of the cabin lighting have been 
asked to passenger for each flight segments.

1.3  Cabin climate comfort

The cabin climate is a primary factor that influences the 
comfort of passengers during a flight. Standards and guide-
lines relating to thermal comfort have been developed to 
define comfort limits for climatic parameters such as temper-
ature, airspeed, humidity and air quality [15]. These Stand-
ards, however, refer to the experience of an “average pas-
senger” and do not take into account the differences existing 
in feelings of comfort between, for example, women and 
men or different physiological health [16, 17]. Few literature 
reviews have been done on comfort related to the aircraft 
cabin environment [18].

Regarding the climatic awareness in the cabins of the 
aircraft, Marggraf-Micheel and Jaeger [19] reported differ-
ences in the assessment of climate parameters for differ-
ent “types of climate”. Possible causes are differences in 
metabolic rate, clothing and the asymmetry irradiation of 
the cabin. The individual difference seems to be the main 
factor, however, passengers that move the local air nozzle 
have been found to have a narrower acceptance threshold or 
a greater expectation regarding the cabin environment [20]. 
Maier and Marggraf-Micheel [21] show that air temperature 
significantly impacts thermal comfort compared to relative 
humidity and wind speed. However, recent studies [22–24] 
have shown that personalized air supply systems in the air-
craft cabin can improve the air quality close to the passen-
gers’ seats. Winzen and Marggraf-Micheel [19] conducted 
a study on a model of Dornier 728 exposing 60 subjects 
to different thermal scenarios by varying the temperature, 
humidity and airspeed in the cabin. In their work Winzen 
and Marggraf-Micheel [19] proposed a working model 
according to which a certain climate situation is objectively 
affected by several parameters (e.g. temperature, air velocity, 
humidity), these parameters have an effect on the passengers 
and are perceived separately regarding their intensity (low 
or high). As a second step, an evaluation takes place, where 
the passengers determine how comfortable each parameter 
is. Thermal comfort can be derived from the integration of 
these evaluations. The analyses showed that a higher average 
cabin temperature during cruising seems to have induced 
the impression of having a lower airflow and air quality. 
However, passengers preferred the warmer scenario to the 
colder one. The results also confirmed that individual prefer-
ences related to climatic parameters influence how climate 
parameters are perceived. Finally, expectations regarding the 
climatic situation in a cabin of an airplane influenced feel-
ings of comfort.
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In this study, it was decided to consider two parameters: 
the temperature and air quality. The other two param-
eters humidity and air velocity proposed by Winzen and 
Marggraf-Micheel [19] were not considered. In fact, there 
are no adjustable nozzle vents near the passenger seats, 
therefore direct air-conditioning effect cannot be easily 
evaluated. In addition, the humidity level inside the simula-
tor is constantly kept below 60% to avoid possible damage 
to the electronic equipment on board.

1.4  Cabin noise and vibration comfort

The noise level has a negative impact on the feeling of 
comfort and increases awareness of other aspects that com-
promise wellness, e.g. headache and fatigue [25]. Pennig 
et al. [26] examined the effect of cabin noise on passenger 
comfort during short-haul flights. The experiment consid-
ered three different Sound Pressure Levels - SPLs and three 
different frequencies representative of the positions of the 
seats during the cruise in the front, central and rear sections 
of the fuselage. To measure passenger comfort, cabin noise 
assessment and subjective wellness assessment during cabin 
noise exposure was considered. The acoustic comfort was 
measured using the technique of psychological evaluation 
of the semantic differential consisting of pairs of bipolar 
adjectives with a scale of seven points [27]. The feeling of 
wellness is measured globally by analysing three bipolar 
dimensions (“pleasure-displeasure”, “excitement-calm”, 
“insomnia-fatigue”) and on a level of 10 specific dimen-
sions (e.g. “cheerfulness”). A close relationship was found 
between noise intensity and comfort in subjective evalua-
tions; however, the passenger’s feeling of comfort was dif-
ferent depending on the frequency spectra corresponding 
to different seat positions in the cabin. With the same SPL, 
passengers exposed to noise with prevailing spectra in the 
rear of the cabin showed a greater level of comfort [26].

The problem of noise in the cabin is also closely con-
nected to the problem of vibrations. In the work of Quehl 
[27], a fuselage mock-up was used and the passengers 
were subjected to various sound and vibration patterns 
during the simulation of a real aircraft cruising, to obtain 
a high degree of “ecological validity ”of the experiment. 
The acoustic and vibration signals were recorded at each 

location using microphones hanging from the ceiling and 
the accelerometers placed in the front part of the seats, while 
the subjective evaluations were obtained using the differ-
ential semantic approach with the polarities indicated in 
Table 1.2. The study also showed that assessments of the 
perceptual dimension of comfort (vibroacoustic) depend on 
the interaction between environmental sound and vibration. 
The sound pressure level contributed approximately 70% 
and the magnitude of the vibration about 30% to the comfort 
rating. From the passenger point of view, it is concluded that 
the comfort design for aircraft can still benefit from efforts 
towards a general reduction in sound and vibration, follow-
ing the idea of “less is more” [27].

Similar considerations as the ones given at the end of pre-
vious sections can be drawn here. Only three questions about 
noise and vibration have been asked to each passenger for 
each flight phases to limit the influence of the questionnaire 
compilation on the flight comfort experience.

2  Syllabus, questionnaire and experimental 
set‑up

2.1  Syllabus

To investigate the effects of different environmental param-
eters on the cabin comfort perception, the flight mission has 
been carried out considering different environmental scenar-
ios in the Full Flight Simulator (FFS). In particular, to obtain 
the different cabin configurations, the temperature is let vary 
between two values, namely T

A
 and T

B
 , the ventilation in the 

cabin may be present or absent and two different types of 
seat, S

A
 and S

B
 are considered for each cabin light level taken 

into account. The diagram of the cabin configurations shown 
in Fig. 1 summarizes the different cabin and experimental 
setup arrangements that can be considered; each cabin con-
figuration is indicated using an alphanumeric code as:

where box L indicates the level of cabin light during the 
cruise phases, box T indicates the value of cabin tempera-
ture (in Celsius degrees), box V gives indications about the 

(1)[L ∈ {A,B}] −
[

T ∈ {T
A
, T

B
}
]

− [V ∈ {V ,X}]

Fig. 1  Cabin configurations
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presence (symbol V) or absence (symbol X) of the cabin 
ventilation. As example, the identification code of flight 
mission A − 20 − X will designate level A of lighting in the 
cabin at an ambient temperature of 20◦ C with no ventilation.

Following the scheme of Fig. 1, a generic passenger can 
perform up to 8 flights corresponding to each climatic con-
figuration of the cabin (temperature and ventilation) flying 
on two different classes of the seat, S

A
 and S

B
 . With the aim 

of acquiring data also on the influence of noise and vibra-
tion level, each flight will be split into four cruise phases 
characterized by different levels of noise and vibration. This 
is obtained, by means of turbulence models implemented on 
the simulator, and by different levels of perceived noise in 
the cabin, obtained by amplifying or reducing the aerody-
namic and engine noise effect reproduced. Figure 2 shows 
the four cruise segment experimented during a simulated 
flight. The i-th phase starts at time t

is
 and finishes at time 

t
ie

 by freezing the simulation. Each flight phase lasts for 
5 min. It is characterized by a combination of noise and 
vibration levels. After each flight phase, the passenger is 
asked to answer a questionnaire section; this easy the rela-
tionships between the subjective assessment of the comfort 
perceived during the flight phase and noise and vibration 
levels settings. The flight is preceded by the compilation of 
the registry section and a general information questionnaire 
named ’Q0’ referred to the Passenger Flying Experience. 
The questionnaire is shown in Appendix 1 and is described 
in the next subsection.

The complete flight mission includes taxiing, take-off, 
the climb up to cruising level, cruising in leveled straight 
flight, descent, approach, and landing. Regarding Fig. 2, 
from t1s to t4e will be carried out during the cruise in leveled 
straight flight. The Q1-Q4 questionnaires will be used to 
gain passengers’ comfort perception during these segments. 
The take-off and climb phase up to the cruise level and the 
approach and landing phase will also be evaluated using 
questionnaires called Q-Take-Off and Q-Landing, respec-
tively. All the participants have experienced a complete 
flight mission sequence, including the preliminary phase 
and the time taken by the passengers to fill out the question-
naire, the execution of each test varying from 65 to 75 min.

2.2  Questionnaire

The subjective assessment of comfort in the cabin consists 
of nine questionnaires. The first part of the questionnaire is 
filled in by the passenger before the boarding phase starts. 
This questionnaire acquires all the information needed to 
classify the passenger based on anthropometric character-
istics. Moreover, in the Q0 part the passengers are asked to 
give information about their general habits and perception 
of comfort during their real-flight experiences. In detail, pas-
sengers must indicate on a scale from 1 to 10 how much they 
like to travel by aeroplane and how high are their expecta-
tions from a flight. Then the passengers have to indicate the 
frequency with which they fly, what is the main reason for 
their flights (job, holidays etc..) and what they generally do 
during the journey (sleeping, eating, reading, etc...). Last, 
passengers mark the factors that most influence its percep-
tion of comfort during the flight choosing among pressure 
change, temperature, noise etc... A copy of the Q0 question-
naire is presented in Appendix 1. This part of the question-
naire can give additional information about the passenger 
population that characterizes the experimental campaign. 
In particular, the answers collected with respect to the per-
ception of pre-flight comfort Q0 can be used to analyse the 
activities during a flight and the main contributions that can 
commonly influence cabin comfort. By acquiring a great 
number of questionnaires, this pre-flight information can 
potentially allow the identification of dominant features in 
the cabin’s design based on human perception of flight and 
can contribute to the human centred design of aircraft cabin. 
The Q-Boarding form will be filled in with the instructor’s 
support when the passenger takes place on the seat of the 
simulator, this form contains the identification code of the 
flight mission, as defined in the previous subsection. The 
other six cards, Q-Takeoff, Q1 to Q4, Q-Landing, are equal 
to each other and being compiled at the end of each flight 
sessions, described in Fig. 2. The form contains twelve 
assessments arranged into five sections, as summarized in 
Table 1.

For each of these questions, it is possible to state value 
in a range from 1 to 10 corresponding to graduated scale 
based on semantic differential LOW and HIGH, respec-
tively. Finally, in the Q-END form, by means of keywords, 
the passenger can suggest from his experience, how to better 
estimate their comfort in the cabin. The questionnaires for 
the evaluation of comfort in the cabin are fully shown in 
Appendix 1.

2.3  Experimental set‑up

This subsection briefly describes the sensors used in the 
Non Simulated Area (NSA) for the measurement of envi-
ronmental parameters. The experimental set-up employed Fig. 2  Vibro-acoustic configuration during flight
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and described in this section allowed developing the experi-
mental cabin comfort evaluation procedure.

The Sekonic L-758D Digital Master luxmeter was used 
to measure the lighting intensity in the cabin. The use of 
the exposure meter was limited to the preparatory phase. 
Data have been used to estimate a correlation between visual 
comfort and the cabin lighting level.

To measure the sound pressure level in the cabin, a Lar-
son Davis Sound Track LxT sound level meter was used. 
The sound level meter has allowed us to accurately assess 
the sound pressure level perceived at the height of the pas-
senger’s head seated in the NSA.

The vibration level was measured by using monoaxial and 
triaxial accelerometers. These measures allowed the calcula-
tion of vibration levels and the motion sickness dose value. 
The environmental parameters were acquired in the two dif-
ferent seat positions inside the NSA. In particular, these are 
named (see Fig. 3) Seat-A (Economy type), the rear seat 
whose geometry is fixed and not movable; whereas Seat-B 
(Business type) designates the front seat that allows lumbar 
adjustment and temperature tuning.

Table 2 shows the preliminary acquisitions of environ-
mental parameters that characterize each flight phase. In 
particular, the first value states the level A case for each 

parameter (described in Sect. 2.1), whereas in the round 
bracket is listed the level B.

The column of vertical axis acceleration reports the range 
of values acquired; it is noticeable that lower values char-
acterize the take-off phase compared to the others segment. 
The accelerations for the Cruise 1 and Cruise 3 have the 
same levels as Cruise 2 and Cruise 4, but the latter segments 
present higher values due to the turbulence presence. The 
highest level is reached during the landing phase due to the 
touchdown accelerations.

Assuming the influence of the seat, in parallel to the 
comfort analyses presented in this work, the accelerations 
experienced by the human body during the different flight 
phases were analyzed. In this regard, a stochastic model has 
been developed [28].

3  Results

3.1  Flow working

The description of the results is anticipated by a subsection 
that presents the workflow used to collect and analyze the 
responses to the questionnaires. In particular, the main steps 

Table 1  Questionnaire items Topic area N
◦ Item Items

Overall flight experience 2   The comfort experience of the flight has been.
  The pleasure of flying has been.

Cabin lighting 2   The comfort of cabin light has been.
  How adequate has been the illumination inten-

sity?
Climate aspects 3   The comfort of cabin climate has been.

  The cabin temperature has been.
  The air quality has been.

Seat ergonomics 2   The seating comfort has been.
  The sensation of physical relaxation has been.

Noise and vibration 3   The noise and vibration comfort has been.
  The noise level has been.

Your wellness rating is.

Fig. 3  Seats configuration
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of research activities regarding data collection, analysis, 
and testing are highlighted in Fig. 4. During the first step, 
a preliminary investigation was conducted on candidates to 
gain insight into the elements affecting the comfort level per-
ceived based on participants’ past real flight experience. Step 
1 of data collection contains the questionnaire Q0, which 
was also filled out by candidates who participated in the 
experimentation with FFS. The participants selected for the 
test phase on FFS filled out the other questionnaires during 
the different simulated flight phases, so the data collected 
based on the testing set-up were compared and analyzed. It 
is important to recall that it does not exist a univocal mean-
ing of perceived comfort. Commonly, perceived comfort is 
associated with a condition of psycho-physical well-being 
that does not depend exclusively on individual parameters 
but on the interaction of multiple factors; among these, the 
environmental variables certainly play a not negligible role. 
Therefore, using an FFS to test the comfort perceived by 
the passenger is a proper test base to analyze these effects. 
It is also true that the simulation must be as realistic as pos-
sible. Thus, concerning comfort, the central hypothesis of 
the present work is to verify that the considered parameters 

flight configurations engender significant differences in per-
ceived comfort.

3.2  Passengers pre‑flight experience

As described in Sect. 2.2, the “Q0 passengers flying experi-
ence” (Q0 hereinafter) is a preliminary questionnaire filled 
out by the passengers containing general information useful 
to characterize the passenger population. More precisely, 
the central aspect of the questionnaire Q0 is to analyze the 
passenger population by means of their expectation based 
on their experience in past flights. The Q0 questionnaire 
is filled out by the participants before the boarding phase 
starts and has been also used as a form to collect preliminary 
information using a large sample. Based on these forewords, 
data collected on a sample of 125 responses, with 40 female 
and 85 male participants, are initially described. The char-
acteristics of the sample in terms of age, height, weight, 
and responses to the item “How much do you like to fly” 
(Pleasure of flying) are listed in Table 3. First, collected 
data on factors influencing the aircraft comfort experience 
is described; successfully, a statistical analysis is reported. 
Then, the results of the Q0 questionnaire are used as a 

Table 2  Settings Level-A and 
Level-B in round brackets

Flight phase Cabin Noise Vertical Cabin
Light (Lux) (dBA) acceleration (m/s2) Temperature ( ◦ C)

Takeoff and climb TO 30 72 0.08–0.12 18.0 (20.5)
Cuise C1 150 (100) 69 0.10–0.12 18.5 (21.0)
Cuise C2 (with turbulence) 150 (100) 69 0.12–0.15 19.0 (21.5)
Cuise C3 150 (100) (63) 0.10–0.12 19.5 (22.0)
Cuise C4 (with turbulence) 150 (100) (63) 0.12-0.15 20.0 (22.5)
Approach and landing LA 30 72 0.15–0.30 20.5 (23.0)

Fig. 4  Framework of methods 
of data collection and analysis
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valuable tool for selecting participants for the experimental 
phase to limit outliers and trouble effects.

The first question analysed is: “Which of the following 
activities occupy most of your time during flight?”. In par-
ticular, for this question, passengers can select more than 
one activities. The highest percentage, equal to 23% of pas-
sengers, reports that they spend the time in flight looking 
out of the window. The 22% of passengers sleep, the 15% 
declares to think about personal matters, the 13% spend 
their time reading, the 10% entertains a conversation or use 
a mobile phone while a negligible number of passengers 
declares to spend the time for eating 3%. This result moti-
vates the design and installation of simulated windows in 
the FFS to create a “simulated cabin” that can become very 
useful in estimating passengers’ comfort, providing more 
sound information for the human-centered design of aircraft 
cabin comfort. This activity can be considered as possible 
future work. An alternative to a simulated window mockup, 
like a virtual environment, can also be examined. Recent 
advances in the Virtual Reality (VR) approach to human-
centered design have shown the progress of this technology 
with regards to comfort assessment for preliminary aircraft 
interior design [29–31] and pilot training activities [32, 33]. 
Nevertheless, the use of currently available VR devices does 
not come without drawbacks introducing some important 
limitations due to the dissatisfaction felt by passengers [34], 

VR sickness, and physical discomfort [35], especially after a 
long period of flying on a VR simulator [36]. In addition to 
potential physical discomfort, practical limitations must be 
considered since the inertial measurement units installed in 
virtual reality devices are sensitive to movements and accel-
erations; thus, their use within a motion system is unwork-
able without a real-time software interface that links the 
actual and the virtual cabin movements.

Together with the general characteristics relating to the 
activities that occupy the passengers during the flight, in 
the Q0 questionnaire, the comfort perceptions associated 
with seven different features have been asked. In particu-
lar, the participants give their feeling concerning the pres-
sure change, noise, vibration, temperature, seat, light, and 
motion importance parameters. The scale used in this case 
is based on five levels, from “Not Important” to “Of great-
est Importance” see the Q0 questionnaire in Annex 1 for 
details. Collecting all the responses has allowed a detailed 
analysis of the main parameters influencing cabin comfort. 
Figure 5 shows, in percentage, the collected data for each 
parameter. For the sake of completeness, the data are listed 
in Table 4. It is also worth mentioning that results in Fig. 5 
and Table 4 refer to the 125 participants’ responses in an 
aggregate manner.

According to the passengers’ perception, from the analy-
sis of the answers, it is possible to highlight the importance 
of some parameters:

• for the pressure change, the higher percentage of pas-
senger states that pressure changes is “Somewhat Impor-
tance”. 24% of them declare the pressure change as “Very 
Important”; “Pressure change” thus has a medium to high 
importance on the passenger perception of comfort. This 
result can be important in the definition of the cabin alti-
tude rate during the ascending and descending flight 
phases;

• for the noise, 31.4% of the passengers assert that the 
“Little Importance” while the “Very important” bar is 
equal to 28.1%. From the data collected, it seems that the 
noise is perceived conversely by the passengers, separat-
ing them between little and very important. These results 
could be related to the activities that occupy the pas-
sengers during the flight, those who like to sleep or read 

Table 3  Descriptive characteristics of participants who filled out the 
Q0 questionnaire

Gender Age Height (cm) Weight (kg) Pleasure 
of flying

Mean Female 22.3 164 59.6 8.59
Male 22.9 178 78.6 8.54

Median Female 22 164 57 9
Male 22 176 79 9

Standard devia-
tion

Female 3.45 6.86 9.39 1.55

Male 3.17 6.52 13.3 1.85
Minimum Female 18 151 41 4

Male 18 163 48 1
Maximum Female 30 180 84 10

Male 30 194 115 10

Fig. 5  Pre-flight feeling of 
parameters influence on flight 
experience
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maybe is more prone to silence, in contrast, those who 
prefer to eat or look out the window have a lower level 
of bother from a noisy environment;

• for the vibration parameter, the higher percentage of 
passenger states “Somewhat Importance”. This result is 
in agreement with the responses collected for comfort 
importance level related to motion perception;

• for the temperature parameter, the lower percentage 
of passengers state the “Not Important” value, and the 
34.7% assert that it is “Very Important”. Looking the 
label “Very important” collected over the sample, 34.7% 
is the highest rate measured for the responses among 
observed parameters. The importance of climate comfort 
in the aircraft cabin is well-known from the literature, as 
well as the fact that the temperature comfort is strongly 
related to individual perception of it and can vary signifi-
cantly from person to person;

• for the seat parameter, compared to the other parameters, 
none of the five measured levels (from A to E) show 
percentages higher than 30%. At the same time, looking 
at the level “Of greatest Importance”, the highest rate of 
answers was collected with respect to the other param-
eters;

• the light parameter shows the highest value of passengers 
that declare “Somewhat Important”. Its medium level of 
importance can be related to the fact that passengers pre-
fer to do different activities during the flight; for some, 
the light intensity can be significant, while it is negligible 
for others.

• the last parameter taken into account is the motion, even 
though the 33.1% states “Somewhat Important” a per-
centage equal to 28.9% of passengers declare this param-
eter like “Very important”. Thus, it has a medium-to-high 
level of importance in the comfort perception of pas-
senger. It can be related to acceleration perceived during 
manoeuvres.

It can be concluded that, among the considered parameters, 
the seat is of remarkable importance. It is in fact the only 
parameter that has been classified as “Of greatest impor-
tance” by most part of passengers. This fact is also con-
firmed by the sum of the percentages given by the levels 

“Very Important” and “Of greatest Importance” (see Table 4 
that reaching a value equal to 54.4%. More in detail, look-
ing at Table 4, row D + E it can be concluded that seat and 
temperature play a prominent role in comfort perception, 
followed by pressure change, noise, motion, and vibration, 
while lights have a secondary role. The results obtained put 
on evidence that it is most important to evaluate seat comfort 
perception during a flight. In this regard, the use of an FFS 
with a motion system able to give the highest level of accu-
racy and with the capability also to control the noise level, 
light intensity, and temperature support the proposed work.

3.2.1  Selection of participants to the FFS experiment 
session 

The main results of the presents work are detailed in the 
subsequent sections according to the five topic area listed in 
Table 1. Nevertheless, the data are acquired on a sample of 
20 participants selected from the 125 responses collected. 
The choice of a lower sample for the experimental campaign 
on the FFS lies in the need to limit the cost of the experiment 
to maximize the obtained results in this preliminary research 
phase. The choice of the reduced number of participants 
can not be done randomly, therefore, a statistical analysis of 
questionnaire responses was carried out.

The box plots referring to the sample split by gender are 
given in Fig. 6; these are based on the answers provided in 
Q0 for the parameters influencing cabin comfort . It is worth 
noting that a total of 125 responses were collected, however, 
data belonging to 14 of them were found to be outliers and 
thus were excluded from the subsequent analysis.

It is to be noted here that there exists a considerable 
disagreement, in the statistical research community, on 
the use of parametric or nonparametric statistical tests for 
the analyses of Likert rating scale data [37, 38]. Thus, in 
the present work, both approaches are presented, and in 
the preliminary analysis of Q0 are applied considering 
the gender difference shown in Fig. 6. More specifically, 
the nonparametric Mann–Whitney U test (MWU) and 
One-Way ANOVA parametric test are considered. The 
summary of results is presented in Table 5 in terms of p 
value. Data show a significant main effect between gender 

Table 4  Pre-flight feeling of 
parameters influence on flight 
experience

P pressure, N noise, V vibration, T temperature, S seat, L light, M motion

Label P (%) N (%) V (%) T (%) S (%) L (%) M (%)

Not important (A) 5.8 5.8 8.3 2.5 2.5 10.7 11.6
Little importance (B) 20.7 31.4 23.1 15.7 13.2 25.6 16.5
Somewhat important (C) 32.2 23.1 31.4 28.9 29.8 39.7 33.1
Very important (D) 24.0 28.1 25.6 34.7 25.6 18.2 28.9
Of greatest importance (E) 17.4 11.6 11.6 18.2 28.9 5.8 9.9
D + E 41.3 39.7 37.2 52.9 54.5 24.0 38.8
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for the seat (p value < 0.001). Also, an effect close to a 
significant p value of 0.05 is obtained for the temperature 
and the light parameters. This result is not unexpected, 
considering that gender differences in thermal comfort 
and environmental satisfaction are proven for indoor envi-
ronments [39].

Assuming the results of preliminary questionnaire Q0 
the initial selection of only 20 male candidates among 
the participants for the experimental research phase was 
accomplished.

3.3  Overall comfort and seat comfort

Motivated by the preliminary results, one of the objec-
tives of this study was the evaluation of seat comfort tak-
ing advantage of the FFS that, as seen before in Fig. 3, is 
equipped with two different types of seats, one economy 
type and one of business type. To accomplish such goal, 
the questionnaires (from “Q-Takeoff” to “Q-Landing”, 
see Annex 1) filled at the end of each flight segment are 
grouped according to the type of seat occupied by pas-
sengers and are analyzed separately.

3.3.1  Overall comfort

The two initial questions related to the overall comfort experi-
ence are first analyzed separately for passengers seated on the 
business and on the economy seat. These two questions are: 

(a) The Comfort experience of the flight has been...
(b) The Pleasure of flying has been...

The results collected are shown in Fig. 7 for the Business 
seat and for the Economy type seat. The x-axis reports the six 
different flight phases from the take-off (TO) to the landing 
(LA) passing through the four cruises as described in Sect. 2. 
For each of these flight phases, the average of the collected 
responses was calculated and the standard deviation is also 
presented. For both the Business and Economy configura-
tions it is possible to highlight a comparable tendency for 
both answers. In particular, it is distinctly apparent that the 
C2 cruise, flight segment with moderate turbulence and lighter 
SPL value, shows the greatest passengers discomfort value 
for both seating configurations. Analogous behaviour is noted 
in the C4 segment, however, in this latter case, the comfort 
level is higher than the C2 segment. A possible reason for this 
result can be associated with the perceived noise level. More in 
detail, looking at Table 6 that recalls the turbulence and noise 
levels during the flight phases, it appears that during the C4 

Fig. 6  Boxplot summary data of factors influencing the aircraft comfort experience

Table 5  Mann–Whitney U test 
and one-way ANOVA test of 
Q0 questionnaire with gender 
grouping variable

Test Pressure Noise Vibration Temperature Seat Light Motion

MWU 0.239 0.911 0.352 0.081 < 0.001 0.062 0.392
ANOVA 0.277 0.977 0.376 0.073 < 0.001 0.069 0.394
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cruise the noise level is reduced by −6 dB compared to the C2 
cruise configuration while the turbulence level is unchanged 
between C2 and C4. The perception of higher comfort, also in 
terms of pleasure, during the C4 phase can thus be due to the 
lower noise level in.

A further result to be commented is related to the per-
ceived level of comfort during the landing sessions. The 
comfort level perceived during this segment is lower than 
both the take-off and the cruises without turbulence phases; 
this can be related to the higher acceleration levels to which 
the passengers are subjected during landing. Moreover, this 
result is independent of the seat type. Last, looking at the 
overall trend, it appears a reduction in both comfort and 
pleasure of flying from take-off to landing. This can be due 
to an increase of the tiredness of passengers because of flight 
duration.

In addition to the results shown in Fig. 7, a statistical 
analysis was performed. As discussed in Sect. 2.2 for each 
question, it is possible to state value in a range from 1 to 10. 
Concerning the questions on overall comfort (the first two 
questions of the questionnaire), and according to [40, 41], 
data were manipulated to test whether there is an influence 
of the seat configuration on the overall comfort experience. 
More in detail, data for general comfort were summed to 
data on pleasure perception. Thus, according to the results 
obtained by using the Q0 form, i.e. the importance of the 

seat in the perceived comfort, Mann–Whitney U test for 
independent samples and ANOVA test were performed to 
assess whether scores on the overall comfort indexes could 
be affected by the seat configuration. The statistical results 
are listed in Table 7. It is possible to note that, considering 
the sample of 20 participants, no one of the investigated 
flight phases presents a significant difference between seat 
configurations. This suggests that the seat configurations of 
the used FFS do not affect the overall comfort perception of 
the considered sample.

3.3.2  Seat comfort

The questions related to the seat comfort experience are here 
analyzed. These are: 

(a) the seating comfort has been...
(b) the sensation of physical relaxation has been...

Figure 8 shows the comparison of the collected answers. 
Again, the answers have been analysed according to the type 
of seat. Observing Fig. 8, it can be seen that the influence of 
the flight phase is low on the seat comfort perception. The 
mean value trend varies between comfort levels 7 and 8 (cor-
responding the level 10 to “High” on the semantic scale). 
On the other hand, the question relating to the perceived 

Fig. 7  General comfort and 
pleasure perception

Table 6  Turbulence and Noise 
level during the flight phases 
experienced

Flight phase TO C1 C2 C3 C4 LA

Turbulence Absent Absent Moderate Absent Moderate Absent
Noise Real flight Real flight Real flight −6 dBA −6 dBA Real flight

Table 7  Significant test on the 
overall comfort questions for 
seat configurations

Test TO C1 C2 C3 C4 LA

MWU 0.384 0.570 0.409 0.087 0.375 0.963
ANOVA 0.394 0.719 0.306 0.086 0.310 0.966
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sensation of physical relaxation returns a behaviour sim-
ilar to the question of pleasure analysed above in Fig. 7. 
It appears that the lowest mean value for the sensation of 
physical relaxation has been obtained during the C2 cruise 
phase. This allows us to argue that discomfort due to the tur-
bulence added to the one caused by the actual noise level is 
also perceived as a lost of physical relaxation; it is ascribed 
to the seat comfort and strongly influence the overall flight 
comfort experience. This result fits both seat configurations. 
It is worth noting that the questions about the pleasure of fly-
ing and the one about the physical relaxation are not asked 
in progression (the question relating to the pleasure is the 
second one in the questionnaire while the question concern-
ing relaxation is the ninth one). It can be inferred that the 
perception of overall comfort is not influenced by the seat 
comfort, which in turn is affected by noise and acceleration 
levels.

Again, to test if the seat configuration has a significant 
effect on the perception of comfort of the seat itself, both 
parametric and nonparametric analysis are performed. In 
Table 8 the statistical results in terms of p value for the para-
metric and nonparametric tests are listed. Again, consider-
ing the sample of 20 participants, it is possible to highlight 
that no significant difference between seat configurations 
is present during the considered flight phases. This result 
suggests that, at least for the analyzed sample, the comfort 
perceived by the participants is not a matter of the seat itself 
but the result of other factors. It is worth noting that, even 
if the seats resemble the business and economy configura-
tions, the legroom space available in the current layout is 
not representative of an economy class or low-cost design 
(see Sect. 1.1 relating to the distance between the seats and 

results obtained by Kremser et al. [5]). This can motivates 
the obtained results. Thus, as a future development, it is 
possible to consider a mock-up that reduces the spaces for 
legroom to obtain a configuration more similar to the econ-
omy one.

3.4  Noise and vibration comfort

To analyse the section relating to the noise and vibration, 
the passengers in the business and the economy seat were 
considered subjected to the same ambient noise. Figure 9 
shows the average value and the standard deviation of the 
collected answers. The construct was analyzed on the basis 
of the three following questions submitted: 

(a) The noise and vibration comfort has been...
(b) The noise level has been...
(c) Your wellness rating is...

The TO, C1, C2 and LA phases were performed with noise 
levels compliant with real flight cabin noise, while during 
the flight phases C3 and C4 the noise level was reduced by 
−6 dBA. Analysis of the results shows that noise comfort 
has trend similar to the wellness experienced. Moreover, 
the trend of these parameters is alike the one of the seat 
and overall comfort shown in Figs. 7 and 8. This result 
can suggest that the noise associated with the turbulence 
influence not only the overall comfort perception but also 
the seat one (inevitably the main discomfort effect during 
the flight phase with turbulence is due to the vibrations). 
A different trend is shown by the noise level curve. For 
the analysis of distinct phases it is necessary to recognise 

Fig. 8  Seat configuration evalu-
ation

Table 8  Significant test for the 
seat configuration effect on seat 
comfort perception

Test TO C1 C2 C3 C4 LA

MWU 0.615 0.357 0.842 0.607 0.584 0.649
ANOVA 0.779 0.379 0.793 0.976 0.749 0.451
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that during the flight segment with turbulence, flight phase 
C2, the noise level is the same as in phase C1. The same 
stands for flight phases C3 and C4 with −6 dbA of sound 
level (it is recalled that the level of turbulence in C4 is 
equal to C2). Although the passengers are able to perceive 
a decrease in sound intensity during flight phases C3 and 
C4, as reported in Fig. 9b, the perceived noise level during 
phases C2 and C4 (phases with turbulence) is higher than 
the C1 and C3 cruises. This result can be ascribed to the 
presence of turbulence since no change was made to the 
sound intensity levels during the phases C1-C2 and C3-C4. 
The result is supported by a decrease in comfort levels 
associated with general wellness rating during phases C2 
and C4 as appears in Figs. 9a, c.

In addition to the comments on Fig. 9 that regards quali-
tative trends of perceived comfort, a statistical analysis is 
presented in Table 9 for the cruise phases. Considering 
that, from statistical tests, on seat questions, no difference 
emerged between the two configurations, the responses col-
lected from passengers were cumulated in a single sample. 
For the analysis of noise and vibration perceived comfort, 
questions 10 and 12 of the questionnaire are used to check 
the presence of significant differences among the cruise 
phases. The reverse item number 11 (“The noise level has 
been...”) was excluded from the analysis for turbulence 

because it was not relevant and it was considered for noise 
by reversing the evaluation scale.

The data shown in Table 9 refer, on the left side, to the 
comparison of cruises C1 and C3 (characterized by the 
absence of turbulence) with C2 and C4 (phases with tur-
bulence), respectively. Additionally, the sum of responses 
C1+C3 was compared to C2+C4, reporting significant dif-
ferences among all samples tested. On the other hand, recall-
ing the description of flight phases in Table 6, the right side 
reports the comparison among phases with real flight noise 
level versus flight segments with −6 dBA reduced noise 
level, see Table 2. The summary of results reveals a highly 
significant level for the perceived level of comfort due to tur-
bulence. This suggests that the turbulence-induced motion is 
one of the factors that affect the comfort experience during 
the simulated flight. In contrast, no statistical significance 
is recognized between real noise and reduced noise level.

3.5  Light comfort

In a real flight, for safety reasons, during the Takeoff (TO) 
and Landing (LA) the ambient lights must be turned off, 
the same was done in the simulated flight. Since there are 
no windows inside the simulator, to avoid being in a fully 
dark environment a minimum light level equal to 30 lux was 

Fig. 9  Noise and vibration 
comfort evaluation

Table 9  Significant test 
for the noise and vibration 
items considering single and 
aggregated cruise flight phases

Test Turbulence Noise

C1 vs C2 C3 vs C4 C1 + C3 vs C2 
+ C4

C1 vs C3 C2 vs C4 C1 + C2 
vs C3 + 
C4

MWU 0.004 0.046 < 0.001 0.524 0.557 0.699
ANOVA 0.006 0.029 < 0.001 0.253 0.443 0.605
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set for the TO and LA phases. On the other hand, the light 
intensity was maintained constant during the cruising seg-
ments. Table 10 lists the sequences of light intensity levels 
used during the experimental campaign; in particular Level 
A refers to a light intensity of 150 Lux and Level B refers 
to 100 Lux.

Figure 10 reports graphically the passengers’ responses 
to the questions 

(a) the comfort of cabin light has been...
(b) how adequate has been the illumination intensity?

in terms of mean value and standard deviation computed on 
sample. A general result regarding both illumination levels is 
the decrease in comfort level and in the adequacy of the illu-
mination level between phase C1 and the subsequent phases 
C2, C3 and C4. Then both the comfort and the perception of 
adequate lighting condition increase in the landing segment. 
This result can suggest that the lower illumination level is 
perceived as comfortable during takeoff and landing. How-
ever, by the comparison between level A and B, it appears 
that almost equal values of illumination comfort are sensed 
by passengers with a slightly lower level of light intensity 
adequacy regarding the level B set. This can suggest that 
a lower light level can induce tiredness which is reflected 
in a reduction of the experienced “adequacy” of the cabin 
illumination. It is worth noting at this point that, as shown 
in Table 10, during the four different cruise phases C1-C4, 
no variation was made in the light intensity. Thus, the dif-
ference in the light comfort, reported in Fig. 10, can be due 
just to the passengers’ perception and not to the actual light 

intensity settings. This can put into evidence that the illumi-
nation of cabin environment can have a reduced or second-
ary effect on passengers’ comfort perception with respect to 
other parameters.

Statistical analyses to support the previous comments are 
presented in Table 11. Considering that the standards estab-
lish light levels during the Takeoff and Landing phases, these 
phases are excluded from the analysis. The results show that 
no significant difference appears from the Mann–Whitney U 
test or ANOVA test in the hypothesis of differences among 
mean values. However, considering the hypothesis that the 
mean value of comfort responses associated with illumina-
tion Level A is greater than that of Level B (𝜇

A
> 𝜇

B
) , it 

is obtained that the significance p value gradually reduces, 
demonstrating that the higher light level is perceived as more 
comfortable with the time extension of the flight test.

3.6  Temperature comfort

The section of the questionnaire concerning the climatic 
parameters consists of three different questions: 

Table 10  Light level during the 
flight phases

TO C1 C2 C3 C4 LA

Level A (Lux) 30 150 150 150 150 30
Level B (Lux) 30 100 100 100 100 30

Fig. 10  Light comfort evalu-
ation

Table 11  Significant tests on the light level during the mission flight 
phases

Test C1 C2 C3 C4

MWU (�
A
≠ �

B
) 0.762 0.611 0.175 0.109

MWU (𝜇
A
> 𝜇

B
) 0.657 0.306 0.088 0.055

ANOVA 0.591 0.626 0.181 0.138
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(a) The comfort of cabin climate has been...
(b) The cabin temperature has been...
(c) The air quality has been...

It is essential to point out that the seats are not configured 
with a personalized ventilation nozzles as in airplanes, but 
the air conditioning system is centralized and controls the 
ventilation in the NSA. Thus, during the experimental cam-
paign, the conditioning system was set with a fixed flow 
intensity and not a rated temperature value. Given this cir-
cumstance, the ambient temperature inside the NSA grows 
about 2.5 ◦ C for each hour of simulator activity, thus the 
analyses were classified based on the initial cabin tempera-
ture value. This temperature gradient is considered comfort-
able, and thus it can be assumed that it does not negatively 
affect the other comfort parameters [42].

More in detail, it was decided to organize the flight mis-
sions in two groups. The first group starts the flight with a 
cabin temperature higher than 20.5 ◦ C, it is referred to as 
T
A
 in the following; the second group involves passengers 

who start the flight with an ambient temperature of 18.0 ◦ C 
and complete it with a temperature lower than 20.5 ◦ C, it is 
referred to as T

B
.

Figure 11 shows the answers collected on the selected 
groups. Analysis of results highlights, for the flights car-
ried out at a temperature higher than 20.5 ◦ C, a lower level 
of comfort for all flight phases exception made for the 
Takeoff (TO). For this group, as the temperature increases 
from 20.5 up to 23 ◦ C it is observed an overall decreasing 
comfort level from Take-off to landing phases. Observing 
the results collected for the second group, when the tem-
perature varies from 18 to 20.5 ◦ C, it can be evidenced that 

cabin climatic comfort trend is almost constant. This can 
allow to conclude that it is not the increase of temperature 
that induces a lowering of perceived comfort but the fact 
that cabin temperature is above 21◦ C.

With reference to the second question of the block “The 
cabin temperature has been. . . ”, an increase on perceived 
temperature matches with a decrease in the level of cli-
matic comfort for the T

A
 group. In particular, it can be 

observed an increase of temperature during the C4 seg-
ment which is reflected on a decrease of temperature. 
Regarding the T

B
 group, it is observed that the increase 

of temperature is only sensed during initial phases, then 
from C2 to LA the perceived cabin temperature is almost 
constant. Also this results is accordance with the cabin 
comfort trend.

The third question does not allow a comparative assess-
ment since the conditioning system is disabled during the 
simulations. In fact, there are no significant differences 
between the two groups in terms of air quality. In both 
cases, the air quality level reduces during the flight mis-
sion. However, the air quality level perceived by the T

B
 

group is higher than the T
A
 one, evidencing again that a 

temperature lower than 21 ◦ C allows a higher comfort 
perception.

The comments inferred by Fig. 11 can be statistically 
proven. The results for the nonparametric MWU test and 
parametric ANOVA test reported in Table 12 reveal the 
significant differences among the air temperature arrange-
ment for all the flight phases, but the take-off (TO), sug-
gesting that temperature is another factor that affects the 
perceived comfort.

Fig. 11  Climate passengers’ 
evaluation
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4  Conclusion

The objective of the present study was to investigate 
the influence of different aircraft cabin environmental 
parameters that can affect the levels of perceived comfort. 
Literature analysis has allowed the definition of several 
quantities influencing the flight comfort experience. The 
FFS installed at the M.A.R.T.A. center of the Kore Uni-
versity of Enna has been used as the set-up to carry out 
experimentation. A questionnaire has been developed to 
collect information regarding the passengers’ flight com-
fort expectations and habits as well as their perception 
of comfort experienced during the simulated flight. The 
questions were constructed with non-numbered rating 
scales that exploit the semantic differential method. Ques-
tions range from overall comfort perception evaluation 
to seat, illumination, climatic, and noise and vibration 
comfort evaluations.

A preliminary investigation based on participants’ past 
flight experience suggested that seat configuration may 
play an important role in the comfort experience; thus, 
passengers’ comfort data were initially analyzed for two 
different seat configurations: one is a business-type seat, 
and the other one is economy-type. During the flight, 
passengers were subjected to the same conditions of light 
levels, temperature, noise, and vibrations. The results 
have shown that the seat comfort perception presents the 
same behavior as the overall flight comfort. The results 
obtained can be linked to the ergonomic aspects of the 
seat, considering the large legroom space set.

In particular, parametric and nonparametric tests agree 
with the statement that there isn’t significant difference 
in the comfort levels perceived during the simulation 
between seats taken into account. Based on this, the pas-
sengers were considered a unique sample subjected to the 
same environmental conditions.

Results from analysis of noise and vibration items 
reveal that the candidates are more prone to evaluate as 

dis-comfortable the motion due to the turbulence com-
pared to the noise level effect. It has been observed that 
passengers perceive the highest light levels as more com-
fortable with the prolongation of the simulated cruise. 
Regarding the climatic experience, it can be said that 
a perceived temperature higher than 21 ◦ C reduces the 
cabin’s climatic comfort.

It can be concluded that the developed questionnaire 
has confirmed the importance of research in evaluating 
the environmental effect on the overall comfort percep-
tion using the simulated flight as a preliminary bench-
mark. Statistical tests on responses have been useful to 
evidence the effect of other environmental parameters on 
passenger comfort. As such, the developed questionnaire 
can also become useful to assess the influence on the per-
ceived comfort of design items/parameters such as novel 
seat configurations, alternative illumination, and climatic 
systems, as well as new lining materials characterized by 
higher noise transmission loss, among others.

Last, it can be obviously useful to enlarge the sam-
ple size to further increase the statistical significance of 
findings and to analyze passenger populations that differ 
from the studied one in terms of mean age and frequency 
of flight per year. The results of such an extended study 
could be applied in future studies to build a useful predic-
tive model to foresee perceived comfort and discomfort 
at the preliminary design steps.

Appendix 1: Questionnaires

The left section shows the contents of the Q 0 question-
naire about passengers’ general routines and perception of 
comfort during their flight experiences. The questionnaire 
Q 

i
 shows on the right the twelve items used for evaluating 

cabin comfort over the flight phases.

Table 12  Significant tests 
between the cabin temperature 
conditions

Test TO C1 C2 C3 C4 LA

MWU 0.186 0.065 0.017 0.012 0.018 0.024
ANOVA 0.313 0.064 0.065 0.015 0.023 0.025
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