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Abstract 

Today, comfort and discomfort related to the automobile seat are widely studied. A 

previous work, published by this study’s authors (Naddeo et al., 2014a), affirmed 

that the evaluation of the perceived comfort associated with the driving experience 

could not be performed by considering only the driver’s seat. The authors offered a 

theoretical matrix to evaluate the comfort of car seats through identification of all 

involved aspects and the interactions with external factors inside the vehicle 

(personal, task and environment characteristics). To verify this hypothesis, a sample 

of subjects evaluated a car seat by interacting with it in five ways: interaction with 

the real prototype, presentation of a real prototype, photographic presentation of a 

real prototype, presentation of a 3D virtual digitized prototype, and interaction with 

the real prototype placed inside the car. The Kansei technique has been used as an 

evaluation tool to assess the individual and subjective emotional impressions of the 

car seat where all the senses of the consumer are involved. The results of the study 

show how the same object looks different if evaluated in different ways and the 

effects of external and environmental factors on the perceived comfort. 

Introduction 

Thousands of people experience comfort or discomfort on their automobile seat 

daily, especially drivers on long trips. Comfort during the task of driving is a 

multifaceted phenomenon that is not exclusively related to the seat but to all 

elements that interact with the driver. All these elements can influence the driving 

comfort experience and, in particular, the user’s sensation of comfort about the seat. 

To test this hypothesis, the same seat was represented in different ways and in 

different environments, and evaluated by a sample of subjects.  

Naddeo and Cappetti model of comfort perception 

The authors’ previous work represented the comfort experience using a big matrix in 

which the comfort-related elements were classified and studied. According to the 

Naddeo and Cappetti (NC-model) model of perception (Naddeo et al., 2014a), the 

experience of comfort or discomfort in a generic environment was represented by 
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the logic sum of four main aspects that contribute to HMI description and 

classification: Person (Pe), Product Characteristics (Pr), Task and Usage (T), and 

Working Environment (WE) as in Figure 1. 

 

Figure 1. Naddeo and Cappetti model of comfort perception. 

The interaction (I) with an environment is caused by the contact (also nonphysical 

contact) with a consequent internal human body effects (H). The perceived effects 

(P) are influenced by the human body effects but also by expectations (E). These are 

interpreted as “comfortable” (C) or “you feel nothing” (N), or they can lead to 

“feelings of discomfort” (D) (Vink & Hallbeck, 2012). 

In Naddeo et al. (2015c), it’s demonstrated that if the product has a particular design 

and therefore a higher cost than other products, the users have higher expectations, 

thereby influencing the comfort perception. Another aspect that cannot be 

underestimated, also integrates this model: the perception modification due to 

experimental devices needed to evaluate comfort. Each element of the NC-model 

has been deployed and divided in primary or modifier elements. The primary 

elements (P) are the ones that weigh on the real interaction ability of a person while 

the modifier elements (M) weigh on the perception ability and are related to person 

and environment characteristics. For each kind of interaction (I), one or more human 

body effects (H) have been found. All data have been organized in a large comfort-

matrix (see Table 1).  

 Driving model: Literature review helps build the NC-matrix model 

Naddeo at al., (2014a) have identified a suitable application of the matrix: the 

automobile seat, a sub-matrix in which all elements that influence a driver’s 

perception of comfort are considered (see schematization in Figure 2). The class 

labeled “person” comprises personal characteristics; the physical characteristics that 

influence comfort include anthropometric measures (Reed et al., 1994; Kolich, 2003; 

Fazlollahtabar, 2010) and consequent postures (Naddeo et al., 2015b) that are the 
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starting point for dimensions, physique (BMI) and physical problems. Mental status, 

personality and psychological conditions influence the level of tiredness, the level of 

attention, biomechanical loading (Nimbarte et al., 2012) and fatigue, shown as 

increments of the drivers’ physiological and emotional discomfort levels (Gerald, 

2002).  

Table 1. Seat-comfort evaluation sub-matrix. 

SEAT-COMFORT 

PHYSIOLOGICAL  EMOTIONAL-
COGNITIVE  

ORGANIZATIONAL-
ENVIROMENTAL  

POSTURAL  

PERSONAL CHARACTERISTICS 

PHYSICAL CHARACTERISTICS 

Anthropometric measures 
(M) (M)  (P)posture overload, 

muscle complaint 

Physique (BMI) 
(P)localized blood-
pressure, body 
temperature, 
heartrate, metabolism 

(M)tiredness  (P)muscle effort, 
posture overload, 
muscle complaint 

Physical problems 
(P)tactile sensation, 
localized blood-
pressure, body 
temperature, 
heartrate 

(M)work overload,  
tiredness  

 (P)muscle effort, 
posture overload, 
muscle complaint 

PERSONAL DATA 

Gender 
(P)localized blood-
pressure, body 
tenmperature, 
heartrate, metabolism 

(P)   (P) 

Age 
(P)tactile sensation, 
localized blood-
pressure, body 
temperature, 
heartrate, metabolism 

(P)lack of attention  (P)muscle effort  

EXPECTATIONS 

Expectations 
(M) (P)perceived safety , 

aggressiveness and 
irritability, stress 

 (M) 

WORK/TASK CHARACTERISTICS 

WORKSTATION 

Posture: angles and joints 
(M) (M) (M) (P)muscle effort, 

posture overload, 
muscle complaint 

CHARACTERISTICS OF TOOLS/OBJECTS WITH WHICH A PERSON INTERACTS 
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Shape 
(M) (M) (M) (P)muscle effort, 

posture overload, 
muscle complaint 

Customization of the workstation  (sitting) 
(M)tactile sensation   (M)tiredness  (M)perceived safety  (P)muscle effort, 

posture overload, 
muscle complaint 

WORKING ENVIRONMENTS' CHARACTERISTICS 

VISUAL  WELL-BEING 

Colors 
(M) (M)aggressiveness and 

irritability, tiredness , 
lack of attention 

(P) (M) 

Odors 
(M) (M)aggressiveness and 

irritability, lack of 
attention 

(P) (M) 

AUDITIVE  WELL-BEING 

Vibrations 
(M) (M)work overload, 

safety, aggressiveness 
and irritability, tiredness 
, lack of attention 

(P) (P)muscle effort, 
posture overload, 
muscle complaint 

THERMAL WELL-BEING 

Interface temperature 
(P)tactile sensation, 
localized blood-
pressure, body 
temperature  

(M)lack of attention (M) (M) 

Thermal resistance of clothing 
(P)tactile sensation, 
localized blood-
pressure, body 
temperature  

(M) (M) (M) 

Persistence in a thermal condition 
(P)tactile sensation, 
localized blood-
pressure, body 
temperature, 
aggressiveness, 
nervousness 

(M)aggressiveness and 
irritability, lack of 
attention 

(M)level of perceived 
safety  

(M) 

Contact pressure 
(P)tactile sensation, 
localized blood-
pressure 

(M) (M) (M) 

TOOLS AND INSTRUMENTS  FOR COMFORT MEASURING  

Invasivity 
(M) (M)aggressiveness and 

irritability , lack of 
attention 

(M) (M) 
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Tactile interference 
(M)tactile sensation, 
localized blood-
pressure 

(M)lack of attention (M) (M) 

Restriction of movements 
(M) (M)work overload, 

aggressiveness and 
irritability, tiredness , 
lack of attention 

(M) (M)muscle effort, 
posture overload, 
muscle complaint 

Override of action/ position 
(M) (M)perceived safety, 

aggressiveness and 
irritability, tiredness , 
lack of attention 

(M) (M)muscle effort, 
posture overload, 
muscle complaint 

 

 
Figure 2. Schematization of elements that influence comfort inside of a car. 

 

 

Identifying the correlation between age and gender in regard to perceived level of 

comfort is difficult because people of the same gender and age can have different 

perceptions. However, it can be stated that with increasing age, the level of 

perceived safety differs and the level of attention decreases, as well as gender 

influences on muscle strain and sensitivity to noise and vibration (Dauris et al., 

2008) (see Table 2). 

Table 2. Deployment of the comfort framework for Personal Characteristics related to 

comfort while driving. 

PERSONAL CHARACTERISTICS 

PHYSIOLOGICAL  
EMOTIONAL-

COGNITIVE  

ORGANIZATIONAL-

ENVIROMENTAL  
POSTURAL  

 PHYSICAL CHARACTERISTICS 

Anthropometric measures 
(M) (M)  (P)posture overload, 

muscle complaint 

Physique (BMI) 
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(P)localized blood-

pressure, body 
temperature, heartrate, 

metabolism 

(M)tiredness  (P)muscle effort, 

posture overload, 
muscle complaint 

Physical problems (chronic illness, trauma, and previous fractures) 
(P)tactile sensation, 

localized blood-
pressure, body 

temperature, heartrate 

(M)work overload, 

level of perceived 
tiredness  

 (P)muscle effort, 

posture overload, 
muscle complaint 

MENTAL STATUS 

Personality 
(M) (P)work overload, 

perceived safety, 

aggressiveness and 

irritability, level of 
perceived tiredness, 

stress, lack of attention 

 (M) 

Psychological diseases (anxiety, stress) 
(M)body temperature, 

heartrate 

(P)perceived safety, 

aggressiveness and 

irritability, tiredness, 

stress, lack of attention 

 (M) 

PERSONAL DATA 

Gender 
(P)localized blood-

pressure, body 
tenmperature, heartrate, 

metabolism 

(P)  (P) 

Age 
(P)tactile sensation, 

localized blood-
pressure, body 

temperature, heartrate, 

metabolism 

(P)lack of attention  (P)muscle effort  

LIFESTYLE/EXPECTATIONS 

Lifestyle (diet, smoking, sports, sedentary lifestyle,. ..) 
(P)body tenmperature, 

heartrate, metabolism 

(M)aggressiveness and 

irritability, lack of 

attention 

 (M)muscle effort  

Expectations 
(M) (P)level of perceived 

safety, aggressiveness 

and irritability, stress 

 (M) 

 

During the driving task, the user needs to perform (with a certain frequency) a series 

of actions such as pressing buttons, turning the steering wheel and using pedals. The 

work activity aspects influencing comfort are evaluated by different indicators: type 

of loads and actuation, operating speed (Apostolico et al., 2013; Naddeo et al. 

2014b), an action’s frequency, rest–pause duration and frequency. The perception of 

comfort in every situation can be affected by duration of the task (Moore & Garg, 

1995; Kee & Karwowski, 2001), and particularly in car seat’s design (Vergara & 

Page, 2002). 
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In our paper, defining the driver’s comfort level refers only to the seat. In literature, 

in fact, the seat’s geometry (Reed et al., 1994; Kolich, 2003; Apostolico et al., 

2013), breathability and rigidity are considered the most important indexes of driver 

comfort. During the driving experience, the driver interfaces not only with the seat 

but also with a high number of other elements (steering wheel, pedals, knobs, etc.). 

Each element’s shape (Kuijt-Evers et al., 2004), position (Ellegast et al., 2012; 

Naddeo et al., 2014b; Naddeo et al., 2015a; Patrick et al., 2004; Lars et al., 2003) 

and orientation can make the vehicle cockpit more or less comfortable.  

Today, people spend much more time in the car, especially those whose work 

involves driving for many hours (taxi driver, couriers, truck drivers, etc.); as such, 

the comfort of the car cockpit can be studied in ways similar to any work 

environment. The colours of the interior, artificial lighting conditions, air quality and 

space are factors that influence the driver’s perceived comfort.  

Vibrations, for example, are one of the most important environmental aspects (Smith 

et al., 2006; Falou et al., 2003). The consequences of exposure to vibration can be a 

decrease in cognitive and postural comfort. Vibrations, in fact, result in an increase 

in the level of irritability, lack of attention and postural overload. 

One issue involving improved functioning of the automobile are unpleasant smells 

due to materials used in the interior. Realizing this, Yamada et al. (2000) created 

advanced seat fabrics with high performance deodorant function that effectively 

controls the smell in the passenger compartment; in the matrix in Table 3, olfactory 

well-being is related to air quality and odors. 

The thermal aspect is the consequence of influence factors such as humidity, 

temperature and thermal-resistance of clothes (D’ambrosio Alfano, & Liotti, 2004). 

Also ambient lighting is important inside the car, for improving the sense of 

spaciousness, as well as the impression of safety, value and comfort (Caberletti et 

al., 2009). In our study, aspects such as colours, luminance level, the combination of 

lighting materials and their reflection have been included in the matrix. 

One of the most common evaluations on automobile seats is based on the interface 

pressure of the driver seat. Previous studies have shown that preferred pressure 

levels are different for different body parts as well as different anthropometric 

groups (Kolich, 2004; Dunk & Callaghan, 2005; Oudenhuijzen et al., 2003; Kyung 

et al., 2008). There are definite associations between interface pressure and seated 

discomfort. Based on the results, specific approaches are recommended to improve 

the driver’s sitting experience: (1) lower pressure ratios at the buttocks and the 

higher-pressure ratios at the upper and lower back, and (2) balanced pressure 

between the bilateral buttocks and between the lower and upper body (Table 4). 
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Table 3. Deployment of the comfort framework for Work/Task Characteristics related to 

comfort while driving. 

WORK/TASK CHARACTERISTICS 

PHYSIOLOGICAL  EMOTIONAL-
COGNITIVE  

ORGANIZATIONAL-
ENVIROMENTAL  

POSTURAL  

WORKSTATION 

Posture: angles and joints 
(M)  (M)  (M)  (P)muscle effort, posture 

overload, muscle 
complaint 

Individual safety equipment: overall dimensions and heaviness 
(M)tactile sensation, 
localized blood-pressure, 
body temperature 

(M)perceived safety, lack 
of attention 

(M)  (M)muscle effort, 
posture overload, 
muscle complaint 

WORK ACTIVITY & TASK 

Type of loads and actuation (lifting, pulling, pushing) 
(M)localized blood-
pressure, body 
temperature, heartrate 

(M)level of perceived 
tiredness  

(M)  (P)muscle effort, posture 
overload, muscle 
complaint 

Operating speed 
(M)body temperature  (M)work overload, 

tiredness, stress 
(P)  (M)muscle effort, 

posture overload, 
muscle complaint 
 

Actions' frequency 
(M)body temperature  (M)work overload, 

tiredness, stress 
(P)  (M)muscle effort, 

posture overload, 
muscle complaint 

Rest-pause duration and frequency 
(M)  (M)work overload, 

perceived safety, 
aggressiveness and 
irritability, tiredness, 
stress, lack of attention 

(P)  (M)muscle effort, 
posture overload, 
muscle complaint 

Revel of precision  
(M)  (M) aggressiveness and 

irritability, tiredness, 
stress, lack of attention 

(P)  (M)muscle effort, 
posture overload, 
muscle complaint 

Time maintaining of the posture with and/or without loads 
(M)localized blood-
pressure, body 
temperature, heartrate 

(M)aggressiveness and 
irritability, tiredness  

(M)  (P)muscle effort, posture 
overload, muscle 
complaint 

Time and duration of work activity/tasks 
(M)  (M) aggressiveness, 

work overload, 
irritability, tiredness, 
stress, lack of attention 

(P)  (M)muscle effort, 
posture overload, 
muscle complaint 

Work-shifts 
(M)muskular exertion, 
aggressiveness, 
nervousness, tiredness 

(M)work overload, 
perceived safety, 
aggressiveness and 

(P)perceived safety  (M)  
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irritability, tiredness, lack 
of attention 

CHARACTERISTICS OF TOOLS/OBJECTS WITH WHICH A PERSON INTERACTS 

Shape 
(M)  (M)  (M)  (P)muscle effort, posture 

overload, muscle 
complaint 

Weight 
(M)  (M)  (M)perceived safety  (P)muscle effort, posture 

overload, muscle 
complaint 

Relative position between person and object/tool 
(M)  (M)  (M)perceived safety  (P)muscle effort, posture 

overload, muscle 
complaint 

Frequency of lifting / pulling / pushing 
(M)heartrate, localized 
blood-pressure, body 
temperature  

(P)tiredness  (M)  (M)muscle effort, 
posture overload, 
muscle complaint 

Handling characteristics (grip, grasp, pinch, ….) 
(M)  (M)  (M)  (P)muscle effort, posture 

overload, muscle 
complaint 

Customization of the workstation (sitting) 
(M)tactile sensation  (M)tiredness  (M)perceived safety  (P)muscle effort, posture 

overload, muscle 
complaint 

Commands' layout 
(M)  (M)  (M)  (P)muscle effort, posture 

overload, muscle compl.  

Table 4. Deployment of the comfort framework for Environment Characteristics related to 

comfort while driving. 

WORKING ENVIRONMENTS' CHARACTERISTICS 

PHYSIOLOGICAL  EMOTIONAL-COGNITIVE  ORGANIZATIONAL-
ENVIROMENTAL  

POSTURAL  

VISUAL WELL-BEING 

Colors 
(M)  (M)aggressiveness and 

irritability, tiredness, lack 
of attention 

(P)  (M)  

Artificial lighting conditions 
(M)  (M)perceived safety, 

aggressiveness and 
irritability, tiredness  

(P)perceived safety  (M)muscle complaint 

Natural lighting conditions 
(M)  (M)aggressiveness and 

irritability, tiredness  
(P)  (M)muscle complaint 

Lights' reflection and refraction on walls and objects 
(M)  (M)aggressiveness and 

irritability, tiredness, lack 
of attention 

(P)  (M)muscle complaint 
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OLFACTORY WELL-BEING 

Air quality 
(M)aggressiveness, 
nervousness 

(M)aggressiveness and 
irritability 

(P)  (M)  

Odors 
(M)  (M)aggressiveness and 

irritability, lack of 
attention 

(P)  (M)  

AUDITIVE WELL-BEING 

Noises 
(M)  (M)perceived safety, 

aggressiveness and 
irritability, tiredness, lack 
of attention 

(P)perceived safety  (M)  

Vibrations 
(M)  (M)work overload, 

perceived safety, 
aggressiveness and 
irritability, tiredness, lack 
of attention 

(P)  (P)muscle effort, posture 
overload, muscle 
complaint 

SPACES 

Workspace 
(M)muskular exertion, 
aggressiveness, 
nervousness 

(M)perceived safety, 
aggressiveness and 
irritability 

(P)perceived safety  (M)muscle effort, 
posture overload, 
muscle complaint 

Layout 
(M)  (M)  (P)perceived safety  (M)  

ENVIROMENT CHARACTERISTICS 

Cleanliness 
(M)  (M)aggressiveness and 

irritability 
(P)  (M)  

Tidiness 
(M)  (M)work overload, 

aggressiveness and 
irritability 

(P)  (M)  

THERMAL WELL-BEING 

Air-temperature 
(M)body temperature, 
aggressiveness and 
nervousness 

(M)aggressiveness and 
irritability, lack of 
attention 

(P)perceived safety  (M)  

Interface temperature 
(P)tactile sensation, 
localized blood-pressure, 
body temperature  

(M)lack of attention (M)  (M)  

Humidity 
(M)localized blood-
pressure 

(M)  (P)  (M)  

Thermal resistance of clothing 
(P)tactile sensation, 
localized blood-pressure, 
body temperature  

(M)  (M)  (M)  
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Persistence in a thermal condition 
(P)tactile sensation, 
localized blood-pressure, 
body temperature, 
aggressiveness, 
nervousness 

(M)aggressiveness and 
irritability, lack of 
attention 

(M)perceived safety  (M)  

Contact pressure 
(P)tactile sensation, 
localized blood-pressure 

(M)  (M)  (M)  

Air speed 
(M)body temperature (M)  (P)  (M)  

 
 

Materials and Methods 

Participants 

Twenty volunteers took part in this study and were recruited from among students 

taking Engineering courses at the University of Salerno. In this way, the sample was 

quite homogenous. This aspect was necessary to ensure the investigation was valid 

and consistent. Students’ ages were between 20 and 29 years and had a valid driving 

license for at least three years. 

Apparatus 

A 2005 Ford Fiesta MY seat (see Figure 3) was used for the test. The seat is 

characterized by the ability to adjust seat height and adjust the headrest. The seat has 

a fabric cover. Five ways to represent the car seat vis a vis human interaction have 

been chosen: physic interaction with the real prototype, presentation and observation 

only of real prototype, photographic presentation of real prototype, presentation of 

3D virtual digitized prototype (the 3D virtual digitized prototype was realized by the 

reverse engineering method), and interaction with the real prototype placed inside 

the car.  

Figure 3. 2005 Ford Fiesta MY seat. 
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Methods to acquire data 

The Kansei Engineering methodology specializes in the translation of affective 

values into concrete product design parameters (Nakada, 1997; Nagamachi, 2002). 

To achieve this, Kansei Engineering uses semantic differential scales (SD-scales) as 

a central pillar. The “5-point scale” questionnaire utilized during the test is shown in 

Figure 4. Within the questionnaire, there are explicit questions on the perceived 

level of comfort as well as other questions relating to various indicators and facets of 

comfort on automobile seats considered in the literature (Zhang et al., 1996; Da 

Silva et al., 2012). 

 

 

 

 

 

 

 

 

 

 Figure 4. Questionnaire with Kansei terms. 

Procedure 

During the test, participants were invited to interact with four kinds of prototypes. 

During the physical interaction with the real prototype, the participants placed 

themselves on the seat, allowing them to acquire information about the seat. In this 

case, the participants could evaluate the finish of the surfaces, the softness and the 

compactness of the coatings, as well as the level of comfort. The second test was 

evaluation of real prototype without any interaction with it and without giving any 

extra information. The participants could evaluate only the colors and the geometry 

of the seat. The third test was prototyping through photography. In this case, a short 

introduction was shown on the state-of-the-art automobile seat. The fourth type of 

interaction was a 3D presentation as a virtual digitized prototype (Figure 5).  
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Through this method, the participants experienced 3D vision of the object (similar to 

recent web-based car presentations). The final test was physical interaction with the 

automobile seat inside the car. In this case, the participants interacted with the seat; 

they could position the seat according to their preferences, interact with the other 

elements inside the car and listen the music (but without turning their attention from 

the seat). After each test, the subjects were required to complete the same 

questionnaire as the other prototypes to evaluate their comfort sensations. The aim 

of this study was to demonstrate that the same object, presented in different ways, 

results in different comfort sensations. 

Results 

After data acquisition, all the terms of the questionnaire were analyzed. The results 

demonstrated that the highest score of comfort was obtained when the subjects 

evaluated the seat inside the car, simulating the driving experience for a few minutes 

(Figure 6). 

  

Figure 5. Virtual prototype of the seat 
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Figure 6. Average comfort score related to the different kinds of presentation of the seat. 

The results of the questionnaire for each type of presentation were compared with 

results obtained by the physical interaction with the automobile seat inside the car. 

The scores, in most cases, were highest when the subjects were inside the car (see 

Figures 7–10).  

 

Figure 7. Comparison of the questionnaire average scores between the physical interaction 

with the prototype and interaction with the seat inside the car. 

 

 Figure 8. Comparison of the questionnaire scores between observation of real prototype and 

interaction with the seat inside the car. 
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Figure 9. Comparison of the questionnaire scores between the photographic presentation of 

the seat and interaction with the seat inside the automobile. 

 

Figure10. Comparison of the questionnaire scores between the 3D virtual digitized prototype 

and interaction with the seat inside the automobile. 

Discussion 

The aim of this study was to demonstrate that the feeling of comfort/discomfort 

related to an object could not be determined if only the object itself is considered. 

The study has tested the hypothesis of the Naddeo and Cappetti model: according to 

the Naddeo and Cappetti model, to evaluate levels of satisfaction of a condition of 

service, we must consider all the elements of environment and how they interact 

with the object itself. To demonstrate this hypothesis, the authors applied the matrix 

to the case of the automobile seat. The automobile seat was evaluated by a sample of 

subjects in different ways, adding some information each time: from a simple photo 

to a journey inside the automobile. From the analysis of the questionnaire results, 

the seat when evaluated inside the car scored as most comfortable. In this case, in 

fact, the comfort index is 3.8, higher than all other ways of representation.  

This demonstrates that it is insufficient to evaluate only the finishes of the surfaces, 

the softness and the compactness of the coatings (construction interaction), only the 

colours and the geometry (observation of real prototype without interaction and 

photographic interaction) or only the 3D vision of the object. Instead, it is necessary 

to evaluate the object inside its natural environment and during a simulation of the 

activity. In this way, all the elements of the matrix are considered. The results deeply 
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sustain the Kansei technique and prove the formulated hypothesis: to analyze an 

emotional design, it is necessary to apply a methodology in which all the consumers’ 

senses are involved. Therefore, it was not unexpected that the lowest index was 

correlated to the photographic presentation in which interaction between the user 

and the object is next to nothing. 
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