
 
 

Delft University of Technology

Driver Vitalization
Investigating Sensory Stimulation to Achieve a Positive Driving Experience
van Veen, Sigrid

DOI
10.4233/uuid:89e83a5d-804d-4563-8cd4-6aebc374f24d
Publication date
2016
Document Version
Final published version
Citation (APA)
van Veen, S. (2016). Driver Vitalization: Investigating Sensory Stimulation to Achieve a Positive Driving
Experience. https://doi.org/10.4233/uuid:89e83a5d-804d-4563-8cd4-6aebc374f24d

Important note
To cite this publication, please use the final published version (if applicable).
Please check the document version above.

Copyright
Other than for strictly personal use, it is not permitted to download, forward or distribute the text or part of it, without the consent
of the author(s) and/or copyright holder(s), unless the work is under an open content license such as Creative Commons.

Takedown policy
Please contact us and provide details if you believe this document breaches copyrights.
We will remove access to the work immediately and investigate your claim.

This work is downloaded from Delft University of Technology.
For technical reasons the number of authors shown on this cover page is limited to a maximum of 10.

https://doi.org/10.4233/uuid:89e83a5d-804d-4563-8cd4-6aebc374f24d
https://doi.org/10.4233/uuid:89e83a5d-804d-4563-8cd4-6aebc374f24d


DRIVER 
VITALIZATION







1

 

DRIVER VITALIZATION
Investigating Sensory Stimulation to Achieve 

a Positive Driving Experience.

Proefschrift

ter verkrijging van de graad van doctor

aan de Technische Universiteit Delft, 

op gezag van de Rector Magnificus  prof. ir. K.C.A.M. Luyben,

voorzitter van het College voor Promoties,

in het openbaar te verdedigen op

maandag, 4 januari 2016, om 10:00 uur

door

Sigrid Aurora Theodisca VAN VEEN

Ingenieur industrieel ontwerpen

 geboren te  Heemskerk



2

Dit proefschrift is goedgekeurd door de

Promotor: Prof. Dr. P. Vink

Samenstelling van de promotiecommissie:

Rector Magnificus   Voorzitter

Prof. dr. Vink    Technische Universiteit Delft,

      Promotor

Onafhankelijke leden:

Prof. dr. ir. R.H.M. Goossens  Technische Universiteit Delft

Prof. dr. P.P.M. Hekkert  Technische Universiteit Delft

Prof. dr. H. de Ridder    Technische Universiteit Delft

Prof. dr. Alessandro Naddeo  University of Salerno, Italy

Dr. Joost de Winter   Technische Universiteit Delft

Andere leden:

Dr. Matthias Franz   BMW Group, Germany



3

 



4

TABLE OF CONTENTS.

 1 Introduction.       7

A Framework for a vitalizing experience.   15

 2 What defines a positive product experience?   17

 3 Driver fatigue: an analysis of the phenomenon.  31

 4 Implications of the framework.    55

B Studies on sensory stimulation.    61

 5 The psychophysiological effects of local cooling   

  during a simulated monotonous driving task.   63

 6 Physical variety in a car within the restrictions of the  

  driving task.       85

 7 A vehicle seat that imposes body posture variation:  

  Investigating effects on well-being.             105

 8 The influence of pre-condition on sensory perception.        129



5

 

 C Epilogue.       141

  Discussion.       143

  A vitalizing driver experience.      153

 Summary.        157

 Samenvatting.        161

 About the author.       165

 List of publications.       166

 Acknowledgements.       169



6



7

 

INTRODUCTION.1

Over the past few decades, people have been travelling 
more and longer by car. In the Unites States, for instance, 
the amount of vehicle trips per household increased from 
108,826 in 1977 to 233,849 in 2009 (U.S. Department of 
Transportation, 2009). On average an adult in the US 
nowadays spends 76 minutes a day driving a vehicle and takes 
approximately once a week a trip of over 80 km. Thus, 3% of 
all trips can be considered long-distance. In the UK, 2% of all 
trips are over 80 km. This results in an average of one long-
distance trip every 2.5 weeks (Department for Transport, 
2013). Hence, people spend a significant amount of time 
traveling by car, for example, in transit from home to work, 
to business meetings, for visiting family and friends, or other 
leisure activities: according to German statistics we spend on 
average 2.5 years of our lives in vehicles (Jasner, 2005). 

It can be straining to spend that much time travelling 
in a vehicle and, due to this, driving a car can be perceived as 
a burden - mostly for the driver, but also for the passenger. 
A vehicle occupant can grow uncomfortable during the trip, 
and he or she can feel less fit or even tired when arriving at 
the destination. In such cases, travelling by car can become a 
negative experience. Ideally, the vehicle occupant should be 
feeling fit upon arrival to engage in desired activities, whether 
this is a business meeting or a hike. The constructs and 
processes related to this  negative perception are all attributes 
to driver fatigue. The analysis of the phenomenon of driver 
fatigue will be addressed further in chapter 3. 

Usually, the topic of driver fatigue is addressed in 
relation to safety, because it is known to be related to car 
accidents (e.g. Knipling & Wang, 1994; Horne & Reyner, 
2001). Most research aims to understand the causal factors of 
driver fatigue (e.g. Grujicic et al., 2010; Lal & Craig, 2001; May 
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and Baldwin, 2009), 
to objectively assess 
the driver’s state (e.g. 
Ahlstrom et al., 2013; 
DiStasi et al., 2012; 
Kar et al., 2010) or to 
prevent accidents via 
safety systems such as 
lane departure alerts 
(e.g. Fitch et al., 2011, 
Merat & Jamson, 2013). 

The focus in this research, however, lies on the early phases 
of the fatiguing process (see fig. 1): the development of an 
uncomfortable feeling of tiredness while driving, rather than 
driver impairment caused by fatigue or even the moment of 
falling asleep behind the wheel. 

Thus, the perception of fatigue is considered a factor 
opposing well-being of vehicle occupants within the scope 
of this thesis. In the field of ergonomics, extensive research 
has been carried out to identify factors of product use that 
influence well-being (e.g. Zhang et al., 1996). Originally, well-
being or comfort in ergonomics  was associated with mainly 
physical factors such as pressure points or noise, but recent 
literature on comfort also integrates aspects such as emotions 
and expectations (Ahmadpour et al., 2014; De Looze et 
al., 2003; Moes, 2005). Taking these aspects into account, 
Vink and Hallbeck (2012) proposed a model explaining the 
comfort experience. 

According to this model of Vink and Hallbeck 
(2012), there is an ‘interaction’ of the human with a product 
in the context of an environment and activity or task. This 
‘interaction’ can result in ‘human body effects’, such as visual, 
tactile, thermal, and audio sensations, body posture change 
and muscle activation. The ‘perceived effects’ are influenced 
by these ‘human body effects’ but also by the ‘expectations’ 
the user has: in order to stimulate the perception of 

1   

The perception of drowsiness 

in different stages of the 

fatiguing process. The blue 

area is the research scope of 

this thesis.
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comfort, the user’s expectations need to be exceeded. These 
‘perceived effects’ result in an interpretation of the experience 
as ‘comfortable’, ‘no feeling’, or ‘feelings of discomfort’. 
It is important to note that comfort and discomfort can be 
experienced simultaneously depending on various aspects 
such as the environment, product or activity (Zhang et al., 
1996).

In this dissertation, ‘feeling fatigued or drowsy’ is 
considered as a type of ‘feeling of discomfort’ (fig. 2). In 
this case, ‘interaction’ takes place between the driver and 
the vehicle interior in the context of the driving task or, 
alternatively, the car passenger and the vehicle interior in the 
context of travelling by car. The ‘expectations’, or perhaps 
also motivations for the trip, and the ‘human body effects’ 
influence ‘the perceived effects’ of the driver or passenger. 
These result into a fatiguing, neutral, or fit experience of 
travelling by car. 

The hypothesis is that not feeling tired does not 
automatically result in feeling fit, in a similar way to the 
phenomenon that not experiencing discomfort does not 
necessarily mean that one experiences comfort. In this 
thesis, a fatiguing experience is considered to be related to 
feeling drowsy, indolent, annoyed by the task and a sense 
of numbness. This is a different experience from feeling 
fit, vigilant and comfortable, and from considering the 
experience as pleasant and stimulating. The approach in this 
thesis is to alter the interaction with the vehicle interior by 

2   

A model on experiencing 

driver fatigue or feeling 

fit adapted from Vink & 

Hallbeck s (2012) comfort 

model.

Introduction
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developing principles resulting in certain bodily sensations 
that contribute to feeling more fit. Thus, travelling by car 
should be perceived more positively by modifying the human 
body effects.

The development of fatigue may lead to discomfort 
and ultimately to driver impairment, but it also has the useful 
function to indicate when the body needs rest. The objective 
of this research is not to sabotage that function. This thesis 
investigates principles for altering the human body effects 
with the aim: 

- to decrease the feeling of tiredness related to 
an on-going monotonous, undemanding driving 
task. 
- for occupants to experience the time they 
spend on this monotonous, undemanding 
driving task as more pleasant (it is not intended 
to enable people to drive longer).

The insights from this user research can form the 
starting point for intervention opportunities, which can 
contribute the development of interior features for a vitalizing 
driver experience. 

From this objective, the question arises how to define 
a positive experience. Therefore, chapter 2 analyzes the 
quality of user experience in general and it defines constructs 
of a positive user experience. Combined with chapter 3 on 
the analysis of driver fatigue, this forms the first part of this 
thesis (Part A) which concludes with a concept for a positive 
experience in this particular context. This contains the 
definition of constructs to user experience quality specific to 
this problem, and the description of intervention principles 
for such a vitalizing driver experience based on the topic 
analysis in chapter 3. 

Next to this, user research is conducted to evaluate 
various principles for altering the bodily sensations. This is 
done by analyzing their effects on various constructs either 
related to the positive experience described in chapter 2 or 
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related to specific types of fatigue described in chapter 3. 
Accordingly, the second part of the thesis (part B) describes 
two studies that analyze the interaction and its constraints, and 
two studies evaluating the defined opportunities for interior 
features. Finally, this part of the thesis concludes with a study 
on perceived effects of pre-condition on sensory experience 
resulting into the extension of the comfort model of Vink & 
Hallbeck (2012). 

Introduction
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FRAMEWORK 
FOR A VITALIZING 
EXPERIENCE.

A

The first part of this thesis consists of two chapters 
discussing relevant theories and literature. The first chapter 
considers existing theoretical concepts on positive product 
experiences and formulates a definition of constructs to 
user experience quality based on this review. With the 
formulation of these constructs, a positive experience for 
the specific problem described in this thesis can be defined. 
The second chapter provides a review of existing literature 
on the problem described in this thesis: the development of 
driver fatigue. Based on this analysis, it becomes clear what 
factors are related to the perception of tiredness and what 
possibilities exist for intervention. Part A concludes with 
the description of a framework for a vitalizing experience 
and its implications for the research presented in this thesis.
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WHAT DEFINES A 
POSITIVE PRODUCT 
EXPERIENCE?

2

Introduction.

The research objective of this thesis is to provide the driver 
with a pleasant experience and to avoid the feeling of tiredness 
when travelling by car over longer periods of time. Therefore, 
developing insights on positive product experience is relevant 
for the development of a vitalizing driving experience. It is also 
more likely that an experience arises from designed spaces 
than from individual products (Hekkert and Schifferstein, 
2008). Thus, insights on user experience can also improve the 
understanding necessary for designing complex interactions 
such as those with a vehicle interior. Hence, this thesis’ 
research objective results in the need for an analysis of what 
characterizes a positive user experience in general. It is also 
necessary to formulate what particularly enables it so that a 
vitalizing driving experience in the present research can be 
defined. 

Therefore, the objective of this chapter is to define 
specific components of user experience quality that cover 
the various aspects of product experience. This definition is 
based on an overview of the existing body of knowledge on 
user experience. However, the components should also be 
translatable to specific interaction requirements rather than 
being a sole description of the psychological phenomenon. 
This formulation can be seen as a design brief for experience 
development, and also as a set of criteria utilized to measure 
the effects of intervention with the results from user research.
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What is user experience?

User experience design is closely related to user-centered 
design. User-centered design focuses on the users’ needs 
as a starting point for product development. Its process 
typically integrates user research for problem analysis and 
design evaluation (as defined for instance by the international 
standard ISO 13407: Human-centered design process). 
Moreover, user-centered design can be distinguished by 
its problem solving characteristics which Norros (2014) 
describes as reactive. The user-centered design practice 
alone, however, is not enough to achieve user satisfaction 
since solving problems in the interaction does not necessarily 
result into a pleasurable product. 

Pucillo and Cascini (2014), for instance, state that 
user experience represents a shift from usability towards 
the inclusion of perceptual and emotional aspects in order 
to achieve user satisfaction. Desmet and Hekkert (2007) 
previously indicated a shift from focusing on the behavior 
and cognition of users to the experience of affect during 
interaction. Kujala et al. (2011) define “enjoyability” as the 
essential difference between user experience and usability.  
Hancock et al. (2005) also define this as hedonomics: 
science and design with the objective to promote a positive, 
pleasurable experience when interacting with technology, as 
an expansion on efforts to prevent negative perceptions.  

Thus, similar to the concept that no perception of 
discomfort does not imply the experience of comfort (Zhang 
et al., 1996), no perception of problems with the usability 
of a product does not necessarily result into a positive user 
experience. When a product functions according to its 
specifications but not according to the user’s expectations, 
the user will still not be satisfied (Den Ouden et al., 2006). 
Therefore, user experience design should focus on the 
development of a pleasurable interaction rather than the 
properties of the tangible artifact or graphic interface as 
a starting point for product development. After all, the 
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variance in happiness is mostly explained by what people 
do: their actions and activities (Desmet, 2013). Accordingly, 
Hekkert and Schifferstein (2008) define product experience 
as a research area aiming to understand people’s subjective 
experiences resulting from interacting with products.

Hence, a positive experience ensues from the complex 
phenomenon of interaction between human and product. 
Hekkert and Schifferstein’s (2008) description offers a good 
overview of the key factors of human product interaction. 
Figure 1 shows an adapted version of their model. According 
to Hekkert and Schifferstein (2008), the relevant human 
systems for interaction with a product are the motor, sensory 
and cognitive systems. The motor system is necessary to 
explore and operate products, the sensory system allows for 
the perception of a product, and finally the cognitive system 
interprets received information. Additionally, instincts result 
in searching for and finding ways to satisfy basic needs. 
Moreover, expectations also influence the perception of a 
product (e.g. Vink and Hallbeck, 2012). The product itself is 
made up out of certain properties in terms of structure, form 
and embedded technology. These properties influence the 
functionality, behavioral possibilities, aesthetics and sensory 
perception of a product. 

Thus, products are experienced through the 
interaction between human characteristics and product 
properties, influenced by the context the interaction takes 
place in. An array of perceptual, emotional, and needs-related 
components determines if an experience is satisfactory (e.g. 
Goodman, 2011).

1

An adaption of Hekkert  

and Schifferstein's 

    (2008) model 

describing the interaction 

between relevant human 

aspects and product 

properties. The relevant 

human 

    aspects are the 

motor, sensory and 

cognitive systems 

along with instincts and 

expectations. The sensory 

perception, aesthetics, 

behavioral possibilities 

and functionalities of a 

product are related to its 

properties (e.g. structure, 

form, embedded 

technology).

What defines a positive product experience?
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Constructs defining the quality of user experience. 

There are various interpretations on what defines a good user 
experience. These different interpretations of user experience 
arise from the diverse perspectives the various researchers 
and designers have. Hekkert and Schifferstein (2008, p.2) 
note that different researchers “investigate some aspects or 
antecedents of product experience”. These perspectives 
range from different design approaches (holistic vs. 
modeling), to different evaluation methods (real-time psycho-
physiological research vs. investigating long-term use), and 
various backgrounds (standardization, research, consultancy) 
as described by Roto et al. (2011). They also distinguish 
different views upon user experience: user experience as a 
phenomenon, as a field of study, and as a practice. For this 
thesis, different interpretations of user experience quality or 
positive product experiences have been reviewed.  These are 
summarized in the definition of user experience quality for 
the present research that will be presented hereafter. This 
forms the foundation for the development of a vitalizing 
interaction since, for instance, Hancock et al. (2005) stress the 
importance of integrating pleasure in design requirements.

Principally, the pragmatic quality and the pleasure of 
a product experience are distinguished in this thesis (fig. 2). 
Similar differentiations are made by other researchers such 
as Law and Van Schaik (2010). Desmet and Hekkert (2007) 

2

The constructs of a 

     positive user  

     experience defined for  

     this thesis based on a 

     review of relevant 

     literature.
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also relate experience to a perceived goodness or badness and 
a perceived pleasantness or unpleasantness. Furthermore, 
Desmet (2013), also states that the aim should be to design 
products that “contribute positively to the experienced quality 
of life, in making things that are useful, usable, enjoyable, 
purposeful, desirable, and even virtuous and ethical”. This 
design aim also reflects the combination of pragmatic quality 
and pleasure: in order to achieve user satisfaction, a product 
should be useful and purposeful but the interaction should 
also result into positive feelings of joy and desire.

Firstly, pragmatic quality ensues from need fulfillment; 
a product must fulfill the need or desire of a user in order to 
be perceived as good. The primary challenge in design is to 
consider the user’s true needs and wants (Norman, 2010). 
This is the raison d’être of the product, and it is the reason 
for the user to interact with it in the first place. Thus, need 
fulfillment deals mostly with product functionality. There is 
a basic reason to use a product: is that objective achieved? 
Hekkert and Schifferstein (2008) relate this to instincts that 
require the satisfaction of basic needs.

Secondly, the pragmatic quality of the experience is 
related to ergonomics. Vink (2014) considers ergonomics as 
“adapting the environment to the person and the activity he 
or she performs” (p.3). Hassenzahl (2014) similarly defines 
good usability or ergonomics by the focus on the optimum 
fit between a product and the physiological and cognitive 
abilities of the user. Law and Van Schaik (2010) define 
pragmatic quality as the level of usability perceived by the 
user. Usability, however, is not just a subjective value. The 
concept here is that ergonomics contributes to the pragmatic 
quality by promoting the ease of use of the product and fitting 
the product to the user, as perceived subjectively by the user 
but also in objectively measurable variables. The ergonomics 
quality can be evaluated objectively in terms of performance, 
psychophysiological measures, and anthropometrics. 
Hancock et al. (2005) also stress the necessity of a combination 

What defines a positive product experience?
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of subjective and psychophysiological measures.
The notion of pleasure in product experience is more 

difficult to grasp than the construct of pragmatic quality. In this 
thesis, the attributes to the perception of pleasure are positive 
experiential feelings when interacting with a product, a sense 
of well-being, and the meaning associated with the product. 
Here, experiential feelings are defined as components of 
emotions relevant to product use in terms of pleasantness and 
arousal. Well-being is the perception of comfort consisting of 
pleasant stimulation of the senses. The attribute of meaning 
does not only represent the meaningfulness that is assigned 
to the product, but also the intuitive associations that the 
interaction evokes. 

Several researchers consider the generation of 
emotion and meaning (e.g. Goodman, 2011), or even a sense 
of meaningful happiness (e.g. Hassenzahl et al., 2013), as 
characterizing for positive experiences. However, there are 
only very few types of products that can have such a significant 
impact on one’s life. For example, an exoskeleton giving 
mobility to a paralyzed person might have such an impact, 
but a coffeemaker or a car seat are less likely to have a similar 
effect. The interaction with most products results in emotions 
of rather low intensity (Desmet et al., 2000). In this thesis, 
therefore, experiential feelings are considered a construct to 
pleasure resulting from product interaction. The perception 
of emotions in general has two dimensions (Russel, 1980); 
that is, pleasantness or valence, and arousal or activation. The 
interaction with a product should result into feelings that are 
positive in terms of valence and appropriate in the level of 
arousal. Next to this type of dimensional theories, there are 
also discrete emotion theories which define a certain number 
of universal experiential feelings (Porcherot et al., 2010). 
Several researchers have formulated keywords to describe 
these feelings (e.g. Desmet et al., 2000; Jaeger et al., 2013; 
King & Meiselman, 2010). 
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Examples of such keywords are acceptance, surprise, joy, 
disgust, nervousness, annoyance and such.

Desmet et al. (2013) state that feelings of happiness 
result into well-being. However, comfort is also related to a 
physical sense of well-being (Helander and Zhang, 1997). 
Comfort is experienced when bodily sensations associated 
with the interaction between the human and product in the 
context of certain activities are perceived positively (e.g. Vink 
and Hallbeck, 2012; Naddeo et al., 2014). Hence, well-
being in this thesis is defined by the perception of pleasant 
stimulation of the human senses consisting of visual, tactile, 
thermal and audio sensations. The degree to which all human 
senses are stimulated is also one aspect of the Hekkert 
and Schifferstein’s (2008) definition of subjective product 
experience. According to Bubb (2008), comfort is associated 
with terms such as pleasant, enjoyable, satisfying and luxurious 
while De Looze et al. (2003) relate comfort to expectations 
and emotions when interacting with the technical feature and 
design of a product. Ahmadpour et al. (2014) even state that 
comfort includes not only emotional and physical aspects, 
but also perceptual aspects and semantics.

This partial overlap between comfort and emotion 
theories in product use shows that the physiological response 
and the experiential component of the sensation of a stimulus 
(James, 1884) are closely related. Both the perception 
of positive feelings and the perception of well-being are 
dependent on the user’s expectations. Hazlett and Benedek 
(2007) note that a positive emotional response to a product 
occurs when an experience is offered which is positively 
different from what is expected. Hassenzahl et al. (2013) 
formulate a ‘wow-reponse’ which is related to the difference in 
what the user is used to and what the user is offered. Vink and 
Hallbeck (2012) also include expectations in their comfort 
model, based on studies (i.e. Vink et al., 2012) that show that 
the same product is evaluated differently depending on users’ 
expectations.

What defines a positive product experience?
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The constructs of experiential feelings and well-
being result into the perception of pleasure together with 
the construct of meaning. According to Hassenzahl et al. 
(2013), the fulfillment of psychological needs results into 
evaluating an experience as positive and personally significant 
or meaningful. Hekkert (2006) describes the meaning that 
people attach to a product as part of the set of affects that 
results from interacting with that product. The importance 
of meaning is also made clear by Desmet (2013), who 
stresses that a pleasurable experience in not necessarily a 
meaningful experience. Patterns of existing, meaningful 
experiences can be analyzed and translated into the design 
of new experiences in a different context (Hassenzahl et 
al., 2013). Thus, the construct of meaning is also related to 
(experiential) semantics, which encompasses the symbolic 
meaning of products (Demirbilek & Sener, 2003). Hence, 
this component of pleasure in product experience consists of 
meaningfulness and positive associations. 

Law and Van Schaik (2010) consider the aesthetic 
quality of a product as a construct to user experience quality. 
Hekkert (2006) also defines aesthetic pleasure as one of three 
components of products experience. In this thesis, however, 
the aesthetics or beauty of a product is subordinated to the 
product properties (see fig. 1) and its perception can result 
into pleasantness. This is in agreement with Hassenzahl 
(2004) who defines a relation between the users’ evaluation 
of beauty and the hedonic quality of an experience. Thus, the 
shape of a product can be perceived as beautiful resulting into 
positive experiential feelings, just as the tactile sensation of its 
surface can be perceived as pleasant. 

Conclusion.

This chapter presents various aspects of a positive product 
experience, their definitions and relationships based on an 
analysis of present literature. From this analysis, the pragmatic 
quality of user experience is defined by need fulfillment (the 



25

 

reason to interact with a product) and ergonomics (cognitive 
and physical fit between product and user). Moreover, the 
quality of user experience consists of the perception of 
pleasure which results from experiential feelings (emotional 
components which should be positive in valence and 
appropriate in arousal), well-being (pleasant stimulation of the 
senses), and meaning (personal significance and experiential 
semantics). These components will be used to define the 
positive experience specific to the context of this research. 
Taking into account the analysis of driver fatigue in chapter 
3, part A of this thesis will conclude with a concept of what 
enables the pragmatic quality and what enables pleasure for a 
vitalizing driving experience. 

What defines a positive product experience?
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Abstract.

Fatigue caused by the driving task already has a negative effect 
on well-being before it becomes a safety threat. Therefore, it is 
desirable to intervene in an early stage of the fatiguing process 
to decrease the perceived strain from a monotonous driving 
task and to create a more pleasurable driving experience. 
Enhancing driver vigilance could also create a competitive 
advantage for the car manufacturer. This paper reviews 
the existing body of knowledge concerning driver fatigue 
theories and countermeasures against driver fatigue. Current 
(automotive) features concerning fatigue are also evaluated. 
A fatigue countermeasure system should measure and/or 
predict fatigue, intervene with a stimulus and subsequently 
restore performance and alertness. A distinction can be made 
between physical and cognitive fatigue. Physical fatigue results 
mainly from static sitting issues. This type of fatigue can be 
countered with micro-movements and the stimulation of 
postural change. Cognitive fatigue can be further divided into 
task-related and sleep-related fatigue. Fatigue resulting from 
task overload can be countered with automation and assist 
systems. Fatigue from task underload can be countered with 
a variety of stimulation. Sleep-related fatigue is considered 
intervention resistant by some researchers, although it also 
seems to be possible to manipulate the circadian rhythm with 
blue light. 

Keywords: driver fatigue, countermeasures, comfort 

DRIVER FATIGUE: 
AN ANALYSIS OF THE 
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Introduction.

Driver fatigue is often quoted as a causal factor in accidents 
(Ahlstrom et al., 2013; Horne and Reyner, 2001). However, 
before becoming an actual threat to safety fatigue caused by 
the driving task also has a negative effect on well-being when 
the driver becomes drowsy in the course of a trip. Enhancing 
driver vigilance in order to increase comfort is not only 
beneficial for the user, but could also create a competitive 
advantage for the car manufacturer. 

Therefore, it would be desirable to already intervene 
in an early stage of the fatiguing process in order to decrease 
the perceived strain from the monotonous driving task and 
create a more pleasurable driving experience. In order to 
understand how fatigue is established, different types of 
fatigue and their causes according to literature research are 
evaluated. Next, existing countermeasures on these causal 
factors as well as promising theories providing starting 
points for countermeasures are discussed. This results in a 
theoretical model for driver fatigue and its countermeasures. 
Finally, the measurable effects of fatigue countermeasures are 
evaluated.

Method. 

A literature review was conducted focusing on research 
concerning driver fatigue theories. The different focuses on 
driver fatigue, studies on possible countermeasures against 
these different types of fatigue, as well as studies on different 
methods for measuring fatigue were reviewed. Furthermore, 
current automotive features concerning fatigue and safety 
were evaluated. The publications used for the literature review 
were retrieved with a search in Scopus in the period of March 
to August 2013. The following keywords or a combination 
of these keywords were used for the search: “driver” OR 
“car” OR “vehicle” AND “fatigue” OR “cognitive fatigue” 
OR “physical fatigue” OR “discomfort” OR “vitalization” 
OR “vigilance” OR “refreshment” OR “countermeasures”. 
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Papers considering driver fatigue in relation to shift work 
specifically were left out of account since they focus rather 
on circadian rhythm issues. Relevant references from the 
selected articles were also reviewed, leading to a subsequent 
search on the keywords “micro-movements”, “macro-
movements”, “seating” AND “discomfort”, and “sympathetic 
nervous system activation”. 

1.  Driver fatigue theory.

The manifestation of driver fatigue is a process influenced 
by several factors. The distinction of different factors 
contributing to driver fatigue is important in order to evaluate 
measures for fatigue detection and countering (May and 
Baldwin, 2009). Thus, this knowledge is important for car 
manufacturers as the starting point of the development of 
fatigue countermeasures. This section discusses various 
theories on driver fatigue. 

Firstly, Grandjean (1979) distinguishes mental fatigue, 
boredom and physical fatigue. Physical fatigue consists of 
discomfort from overstressed muscles, whereas mental 
fatigue results in weariness caused by the cognitive aspects 
of a task. Boredom occurs when there is little to no demand. 
Hancock and Desmond (2001), conversely, determine two 
types of fatigue. The first, active fatigue, is derived from 
lasting perceptual-motor response requirements of the 
driving task. The second, passive fatigue, results from system 
monitoring with either little or no perceptual-motor response 
requirements. Hancock and Desmond (2001) also point out 
that fatigued drivers are especially at risk when demand is 
low. 

There are also two types of fatigue according to May and 
Baldwin (2009): sleep-related fatigue and task-related fatigue. 
Sleep-related fatigue ensues from sleep deprivation, extended 
duration of a need for alertness and circadian rhythm effect. 
Circadian rhythm relates to a period of 24 hours, especially to 
the changes in people’s bodies that happen during this period 
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(Macmillan English Dictionary, 2007). Task-related fatigue 
can be further subdivided into fatigue either caused by mental 
overload or underload: a similar distinction as Grandjean’s 
mental fatigue and boredom (1979). Vigilance (Parasuraman 
et al., 1998) is a general state of wakefulness characterized 
as arousal or alertness. Environmental factors influencing 
vigilance are noise, vibration, ambient temperature, frequency 
and variety of stimulation, as well as environmental pollutants. 

The theory provided here forms the foundation for the 
model presented in figure 1. This framework distinguishes 
between physical and cognitive fatigue and their different 
causes, further explained in the sub-sections physical fatigue 
and cognitive fatigue. In reality, however, it seems to be the 
case that driver fatigue does not purely establishes itself in 
the form of one of these types of fatigue. As is the case with 
well-being in general (according to the comfort model of 
De Looze et al., 2003), fatigue presumably develops from 
a combination of several contextual factors such as the 
embodiment of cockpit and seat, task duration and intensity, 
emotional and physical state of the driver, and goal of the 
drive. 

1

Model distinguishing 

between cognitive 

and physical fatigue, 

describing constructs 

contributing to fatigue and 

possible interventions.
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The bottom of figure 1 shows several measures for 
counteracting the different types of fatigue, which are 
discussed in section 2.

Physical fatigue.

In the case of motoring a car, physical fatigue is related to 
perceptual-motor adjustments specific to the driving task 
(holding and operating the steering wheel, using the foot 
levers) and to prolonged sitting in a restricted posture. 
Operating the steering wheel or the pedals can lead to 
physical exertion. Prolonged sitting is associated with several 
types of discomfort and, in general, it is encouraged to 
periodically engage in non-sedentary activities (Beach et al., 
2005). Ebe and Griffin (2000) argue that in cars discomfort 
is mainly influenced by the static seat characteristics and that 
vibration can be ruled out as an influence of physical fatigue 
in high quality cars. De Looze et al. (2003) propose three seat 
characteristics influencing discomfort that can be measured 
objectively: that is pressure distribution, muscle activity and 
lumbar curvature. This is in agreement with the main factors 
contributing to driver fatigue according to Grujicic et al. 
(2010): the maximum level of muscle activity and the number 
of muscles activated, shear force and spinal force.

Previous studies have already developed an ideal 
pressure distribution for a car seat with minimal pressure in the 
intervertebral discs (Zenk, 2008). Furthermore, it is generally 
accepted that continuous static muscle activity results in 
discomfort (e.g. Falla et al., 2007). Also, flexed lumbar spine 
postures can result in an increase in the relative contribution 
of the passive tissues to holding the torso upright during sitting 
(Beach et al., 2005). An often formulated hypothesis is that 
movement or frequent posture change is desirable in order 
to improve seating comfort (Lueder, 2003), despite elaborate 
efforts to develop the ideal seat in the automotive field as 
well as in other fields (i.e. office furniture). Graf et al. (1995) 
suggest that natural movements are desirable and necessary 
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as long as they are within an acceptable range. Leuder (2003) 
stresses the importance of variation between severable stable 
and healthy body postures.

Several studies on seating in general describe a relation 
between seating time, discomfort and body movement. Telfer 
et al. (2009) found that subjective discomfort and movement 
increase over time. The amount of movement was found to be 
greater in chairs rated most uncomfortable. Vergara and Page 
(2002) propose that macro-movements are a good indicator of 
discomfort. Fujimaki and Noro (2005) also found discomfort 
to increase over time, but argue that macro-movements occur 
in order to decrease discomfort in a repeating pattern during 
prolonged sitting. In agreement with this statement, Graf et al. 
(1995) already found that work tasks which resulted in more 
musculo-skeletal disorders allowed for less frequent and 
less marked postural change. Finally, Callaghan and McGill 
(2001) suggest that humans redistribute their muscular loads 
according to their comfort level using posture adjustment.

Studies focusing specifically on physical fatigue when 
driving concluded similar findings. Lee (1995), for instance, 
found that the driver moves more frequently when he/she 
feels uncomfortable. Na et al. (2005) found significantly more 
discomfort after driving in a simulator for 45 minutes. During 
this study, a correlation between body pressure variation and 
subjective discomfort was also discovered. Furthermore, 
Cheng et al. (2011) found that during long-time driving, people 
either bend forward or slouch down.  However, Falou et al. 
(2003) measured EMG in two different car seats without a 
driving task for 150 minutes with and without added vibration 
and found no significant difference over time. Muscle fatigue 
should result in compressed EMG signals or frequency 
changes in the EMG frequency spectrum (Hagg et al., 2000). 

Cognitive fatigue

As suggested by May and Baldwin (2009), cognitive fatigue is 
either caused by overload or underload of the driving task, 
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or it is caused by sleep deprivation and circadian rhythm. 
Sleep-related fatigue is considered intervention resistant by 
these researchers. Task demand and duration exclusively can 
produce task-related fatigue without the contribution of any 
sleep-related factors. Task overload relates to an intense and 
perhaps stressful task, whereas task underload relates to a 
monotonous, monitoring task. It is possible to prevent fatigue 
from task underload and enhance vigilance by offering driver 
stimulation, since “environmental factors influencing vigilance 
are […] frequency and variety of stimulation” (Parasuraman et 
al., 1998). 

There is no consensus on the amount of driving time 
needed for task-related fatigue to establish. Nilsson et al. 
(1997) evaluated the maximum amount of time one could 
drive in a simulator and they found this to lie between 90 
and 240 minutes. However, Liu and Wu (2009) found that 
fatigue is produced after 60 minutes of driving and they 
surprisingly found no difference between monotonous or 
complex roads. Unlike Thiffault and Bergerson (2003), who 
discovered that a monotonous road side has a negative effect 
on the driving performance as well as a time-on-task effect on 
fatigue. This corresponds with previously described theories 
on driver fatigue. However, there seem to be difficulties when 
distinguishing task-related fatigue from overload or underload 
and, in reality, it seems to be the case that a combination of 
these three occurs.

2.       Fatigue countermeasures

Literature on countermeasures against cognitive fatigue.

Most literature discussing driver fatigue countermeasures 
focuses on cognitive fatigue. For example, Desmond 
and Matthews (1997) developed the following criteria 
for a countermeasure system. First, there must be a valid 
indication of fatigue. Next, there must be a stimulus upon 
detected weariness in order to restore performance. Balkin 
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et al. (2011) defined three criteria for the ideal system: i) it 
can predict fatigue based on factors that produce it (i.e. sleep 
history), ii) it can measure fatigue and performance, and iii) it 
can intervene, restore and sustain performance and alertness. 
On the other hand, automation is proposed when driver 
fatigue is sleep-related (May and Baldwin, 2009). Based on a 
review of empirical evidence, De Winter et al. (2014) showed 
that partial automation of the driving task reduces work load. 

Since fatigued drivers are especially at risk when 
demand is low, Desmond and Matthews (1997) argue that 
a secondary task (i.e. monitoring an in-car guidance system) 
is beneficial whenever the primary task demand is low. 
However, since visual distraction is a primary cause of traffic 
accidents (e.g. Dingus et al., 2006), it seems that a secondary 
task should be designed differently. May and Baldwin 
(2009) also define interactive technology (i.e. a game as a 
secondary task to counteract task-related fatigue) as promising 
countermeasures for fatigue. Any secondary activity next to 
driving, however, should not result into driver distraction or 
mental overload.

Gershon et al. (2009) actually found that a secondary, 
manual-dexterity task has a positive effect on subjective fatigue 
as well as alertness. They also found that non-professional 
and professional drivers already have different strategies 
to counteract cognitive fatigue (Gershon et al., 2011), such 
as listening to the radio, talking, opening the window and 
drinking coffee. Generally, it can be stated that providing 
variety from the monotonous driving task seems to have a 
positive effect on task-related cognitive fatigue. Schmidt 
et al. (2011) for instance found that communication has a 
positive effect on fatigue. Furthermore, chevrons, rumble 
strips and message signs also have a short-lived, positive 
effect on cognitive fatigue (Merat and Jamson, 2013). Next 
to this, haptic seat alerts decrease reaction time (Fitch et al., 
2011). Thus, there are various concepts for stimulation when 
demand is low. Since “vigilance is influenced by frequency 
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and variety of stimulation” (Parasuraman et al., 1998), a 
fatigue countermeasure system should implement a palette 
of different stimuli in the vehicle interior in order to evoke 
driver vitalization. 

Current in-car systems against fatigue

Car manufacturers obviously have also been working on 
the development of systems to counteract driving fatigue. 
There are several systems in the industry that assess fatigue 
and suggest a break, for instance, by Volvo (media.volvocars.
com), Ford (technology.fordmedia.eu), Daimler (media.
daimler.com), BMW (www.bmw.com). These systems 
usually monitor driving performance or time on task, and 
encourage the driver to rest or actively alert the driver on 
impending errors. Thus, most of these systems focus on 
preventing accidents without being an actual countermeasure 
to task-related driver fatigue. Furthermore, Karrer-Gauß 
(2001) indicates that systems detecting and presenting fatigue 
level could be counterproductive and lead to drivers taking 
more risk.

 Fatigue countermeasures for other modes of travel

When looking at other modes of travel, similarities can be 
found in terms of fatigue although the driving task is missing. 
This is, for instance, the case for airplane passengers, who 
experience physical fatigue from sitting as well as sleep-related 
fatigue. Airplane passengers are advised to do exercises 
approximately every hour, like tilting the feet, rotating ankles, 
stretching fingers etc. (KLM, 2013). Hitos et al. (2007) found 
that foot exercises against increased resistance positively 
enhanced blood volume flow and that other types of exercises 
moderated the negative effect. 

There have also been successful attempts on 
counteracting on sleep-related fatigue in this field. Achim 
Leder (2012) used blue light in air plane interiors in order 
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to decrease the production of sleeping hormones and evoke 
fitness. Another study focusing on medical personnel also 
found that blue light could be a countermeasure for fatigue 
especially at night (Harvard Medical School, 2006). However, 
providing car passengers with ambient, blue light at night is 
difficult since this will obstruct the driver’s view. A possibility 
to evade this problem is to emit the blue light directly into 
the eye. Researchers have for instance been able to develop 
LED light-glasses with blue light to manipulate the circadian 
rhythm (Winslow, 2007). 

Micro-movements

A general hypothesis is that micro-movements could decrease 
discomfort from sitting. Since it is not possible to enable great 
postural change in a car due to the limitations of the driving 
task, this could be a promising measure for an automotive 
application. However, generally accepted recommendations 
on micro-movements are not yet established. Graf (1995) 
already stated that research should be carried out on how 
often the sitting position should be changed and what the 
optimal range of changes is. Vergara and Page (2002), for 
example, define a macro-movement as a distinctive change of 
posture every 5 to 6 minutes. On the other hand, Callaghan 
and McGill (2001) define a dynamic, multiple posture 
strategy during unsupported sitting as consisting of 3 postures 
over 2 hours. Helander et al. (2000) found that sensitivity of 
postural change results from the response from body tissues 
and joints. They established just noticeable differences in 
seat height, seat pan angle and backrest angle. Dunk and 
Callaghan (2010) found that micro-movements are a way to 
reduce discomfort from restlessness, body stiffness, lack of 
circulation or seat pressure and that fidgeting occurs every 
40-50 seconds. 

Several efforts have been made to develop dynamic 
seating with both passive as well as active micro-movements. 
Passive rotation of a pig cadaver spine results in an immediate 
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increase of disc height at a rotation of less than 2 degrees 
(Van Deursen, 2001). Beach et al. (2003), however, tested 
a continuous passive motion device in an office chair, which 
resulted in no difference in EMG or locally perceived 
discomfort. Passive rotation in an office chair compared 
to no passive micro-movement for the same office tasks, 
resulted in significantly less spinal length in the static chair 
(Van Deursen, 2001). Nevertheless, a long term study on the 
effects of a similar passive motion device on low back pain 
found no advantage of the device (Lengsfeld et al. 2007).

Other than applying passive micro-movements, 
dynamic sitting could produce active micro-movements. 
Kingma and Van Dieen (2009-1) evaluated sitting on an 
exercise ball and concluded that, although it is questionable if 
there are benefits for the spine, there is more EMG variation 
in the back which could have positive effects. However, 
the disadvantages of having no support would probably 
outweigh the advantages of the sitting ball. Prolonged sitting 
on a dynamic, unstable surface does not significantly affect 
muscle activation, spine posture, spinal loads, or overall spine 
stability according to McGill et al. (2006). O’Sullivan (2012) 
also thinks that there is no evidence supporting the use of 
dynamic seating as a stand-alone approach for low back pain. 

Nevertheless, Kingma and Van Dieën (2009-2) found 
that a vertically dynamic lumber support when driving a car 
results in a small reduction of vibration and a substantial 
reduction of low back EMG. In another study, Van Dieën 
(2001) found that working on a dynamic office chair results in 
an increase in body stature, but trunk kinematics and EMG 
were more affected by task. A chair with an unstable seat pan 
consisting of a pixel mat with an under layer of springs, results 
in significant lower heart rate as well as the maintenance of 
oxygen levels in the tissues surrounding the ischial tuberosities 
(Mahksous et al., 2008). 

Next to reducing discomfort while seated, there 
is another relationship between micro-movements and 
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fatigue. Rogé et al. (2001) found that during simulated 
driving subsidiary body movements increase when vigilance 
decreases. Micro-movements also seem to be a defense system 
against cognitive fatigue. The study shows that variation of 
non-specific activities is an indication of subject’s arousal and 
that self-centered gestures (movements of one or both hands 
towards the body) as well as postural adjustments have the 
purpose of reactivation. Takanishi et al. (2010) also found an 
increase of habitual behaviors (touching face, arms) related to 
a decrease in heart rate variation (which is a measurement of 
sympathetic nervous system activity). They state that distractive 
behaviors against monotony are an indication for decreasing 
performance. Thus, it seems that micro-movements are also 
a natural countermeasure against fatigue.

Thermal Stimuli

In order to prevent fatigue caused by mental underload, 
the driver should be stimulated and the monotonic aspect 
of the trip should be diminished. Next to providing the car 
driver with a secondary manual task, offering physiological 
stimulation is an option. Table 1 shows an overview of 
literature mentioning this effect.

There are several studies indicating that local cooling 
leads to activation of the sympathetic nervous system. 
Activation of the sympathetic nervous system results into a 
(physiological) shift from a state of rest to a state of alertness: 
the sympathetic nervous system is responsible for priming 
the body for action (Van Halem, 2009). Jansky et al. (2013) 
found that cooling of the lower legs with 12° water results 
in activation of the sympathetic nervous system within 3-10 
minutes. Another study showed that immersion of the hand 
in cold (5°) water activates the SNS (sympathetic nervous 
system), measured by blood pressure and heart rate (LeBlanc 
et al., 1975). Koehn et al. (2012) found sympathetic activation 
by cooling head and neck with cold gel (4°). Furthermore, 
Sendowski et al. (1999) found that the SNS is activated when 
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immersing the right hand or the left hand and right index 
finger in 5° water within 5 minutes, but not for immersion 
of only the right index finger. Ramautar et al. (2013) also 
discovered a cohesion between skin temperature fluctuations 
and objective vigilance. Another positive effect of alternating 
hot and cold temperatures is the increase of local blood flow 
(Cochrane, 2004) which could counteract on effects from 
physical fatigue resulting from static seating.

Since cooling body parts with 10° C water results in 
a shift of perceived thermal comfort from warm to cold 
(Tamura and An, 1993), however, it is challenging to develop 
automotive features with these extreme cooling effects without 
inducing overall discomfort. Additionally, there could be 
technical difficulties concerning the implementation of such 
low temperatures. Therefore, it is of interest to activate 
the sympathetic nervous system with as little difference in 
temperature as possible. Tham and Willem (2010) found 
that exposure to 20° room temperature already leads to a 
cooling sensation on the skin and to better accuracy versus 
a 24° waiting room in an office in the tropics. This small 
difference in temperature could be a promising notion for 
implementation of such features in cars. 

Author Year Body part
Temp. 
(°C)

Time 
(min.) Effect

Jansky et 
al.

2013 Lower legs 12 3-11 SNS 
Activation

Koehn et al. 2012 Head and neck 4 Immediate 
effect

SNS 
Activation

LeBlanc 
et al.

1975 One hand 5 2 SNS 
Activation

Sendowski 
et al.

1999 Right hand/ left 
hand and right 
index finger

5 <5 SNS 
Activation

Tamura 
and An

1993 10 Different 
body regions 
independently 

10 30 Thermal 
comfort shift 
from warm to 
cold

Tham and 
Willem

2010 Overall: 
environment

20 Continu-
ous effects 
over 240 

Cooling 
sensation and 
better accuracy

Table 1

Effects of local cooling.
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Another possibility for activating the sympathetic 
nervous system is to use scent. According to Horii et al. 
(2013) aromatherapy can be used for alleviating stress as well 
as invigorating the body; for example, the usage of grapefruit 
oil results in elevated sympathetic nerve activity. 

Measurable effects of fatigue countermeasures

There can be three types of possible effects to a fatigue 
countermeasure: that is a physical, a cognitive and an 
emotional effect. Table 2 provides an overview of different 
methods of fatigue effect measurement used in experimental 
studies found during the literature review.

The physical effect is measurable with for instance 
heart rate (Backs et al., 2003; Mehler et al. 2008; Mehler et 
al., 2012; Reimer et al., 2011; Schmidt et al., 2011; Gershon 
et al., 2009; Patel et al., 2011; Yang et al., 2010) and skin 
conductance (Collet et al., 2003; Mehler et al., 2012). Another 
physiological effect of fatigue can be found in eye movements 
and pupillometry (Ahlstrom, 2013; Di Stasi et al., 2012; Merat 
and Jamson, 2013; Schmidt et al., 2011; Yang et al., 2010). 
Furthermore, respiration frequency is used as a measure of 
sympathetic nervous system activity (Backs et al., 2003). 

The mental effect consists of the cognitive processing 
of the driving task. This can be measured both objectively 
and subjectively. Objective measurements often used are 
EEG representing brain activity (Ahlstrom, 2013; Gillberg 
et al., 1996; Kar et al., 2010; Lal et al., 2003; Schmidt et 
al., 2011; Simon et al., 2011) and task performance such as 
reaction time and steering wheel movement (DiStasi et al., 
2012; Gershon et al., 2009; Merat and Jamson, 2013; Nilsson 
et al., 1997; Sung et al., 2005; Thiffault and Bergeron, 2001; 
Ting et al., 2008 ). There are different questionnaires and 
scales evaluating workload and perceived fatigue as subjective 
measurements. 

For workload, a common tool is the NASA-TLX (Hart 
and Staveland, 1988) but there is also a Mental Workload  
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Author Year ECG SCL Respiration
Eye 

measurements EEG Performance
Subjective 
evaluation

Ahlstrom 
et al.

2013 - - - X X - X

Backs et 
al.

2003 X - X - - - -

Collet et al. 2003 - X - - - - X

Desmond 
and 
Matthews

1997 - - - - - - X

DiStasi et 
al.

2012 - - - X - - X

Gershon 
et al.

2009 X - - - - X X

Gillberg 
et al.

1996 - - - - X X X

Kar et al. 2010 - - - - X - -

Lal et al. 2003 - - - - X - -

Liu and 
Wu 

2009 - - - - - - X

Mehler et 
al.

2008 X - - - - X -

Mehler et 
al.

2012 X X - X - X -

Merat and 
Jamson

2013 - - - X - X -

Patel et al. 2011 X - - - - - -

Reimer 
et al.

2011 X - - - - X

Schmidt 
et al.

2011 X - - X - - X

Simon et 
al.

2011 - - - - X - -

Sung et al. 2005 - - - - - X X

Thiffault 
and 
Bergeron

2003 - - - - - X -

Ting et al. 2008 - - - - - X X

Yang et al. 2010 X - - X - - -

Table 2

Methods of cognitive driver 

fatigue measurement.
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Test (DiStasi et al., 2009). Two questionnaires often used to 
evaluate fatigue are the Karolinska Sleepiness Scale and the 
Stanford Sleepiness Scale.

The emotional effects can be measured subjectively. 
Concerning the topic of fatigue, for instance, it can be of 
interest to evaluate the driver’s state in terms of boredom or 
arousal. This can be assessed with for example Likert-scales 
attached to words describing emotions and user’s state or 
tools as the Self Assessment Mannikin (SAM, Bradley and 
Lang, 1994) based on a model on pleasure, arousal and 
dominance or Emocards (Desmet et al., 2001). However, the 
studies presented in table 2 do not assess emotional effects of 
either driver fatigue or countermeasures. 

Conclusion

Driver fatigue consists of physical and/or cognitive fatigue. 
Physical fatigue is related to perceptual-motor adjustments 
specific to the driving task (holding and operating the steering 
wheel, using the foot levers) and to discomfort caused by 
prolonged sitting. Possible countermeasures against physical 
fatigue are passive or active micro-movements and the 
stimulation of body posture variation. Cognitive fatigue can 
be subdivided in task-related and sleep-related fatigue. Sleep-
related fatigue is considered intervention resistant by some 
researchers although there are studies that show a positive 
effect of blue light on this type of fatigue. Task-related fatigue 
is caused from task-overload or underload. In the case of 
task-overload, driver assist systems and automation provide a 
solution. In the case of task-underload a variety of stimulation 
is needed which can consist of for example a secondary task, 
haptics, thermal stimulation and scent. There are several 
objective and subjective measurements one can apply to 
evaluate a person’s fatigue state.
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The literature review in chapter 3 shows that most research in 
the field of driver fatigue consists of studies aiming to ensure 
safety when travelling by car. Therefore the focus is mostly 
on aspects such as driver performance and impairment. The 
present research, however, focuses on the perception of 
tiredness related to monotony and its effects on well-being. 
Present literature indicates that the human body cognitively 
and physically experiences unchallenging, monotonous tasks 
and tiresome. Additional stimulation could be an appropriate 
countermeasure to this underload. Based on these insights, 
the hypothesis is formulated that sensory stimulation can 
result into a shift from a negative, drowsy experience to a 
positive experience of feeling fit. This refers to the notion 
that vigilance is related to frequency and variety of stimulation 
(Parasuraman et al., 1988) and monotony leads to people 
feeling fatigued (Grandjean, 1979).

In general, stimulation of the senses is closely related 
to experiential feelings and well-being. According to Rolls 
(2005), experiencing comfort and a feeling of well-being are 
influenced by pleasant touch. This sense of touch includes 
mechanical, thermal and chemical responses (Fenko, 2010) 
and is closely related to either positive or negative affect 
(Hollins, 2010). The same is true for the sense of scent, 
which can result in either pleasant or unpleasant experiences 
(Schleidt et al., 1988). According to Fenko (2010) the sensory 
properties of a product influence how the interaction with that 
product is experienced, and can be consciously manipulated 
to evoke certain experiences. The approach in this thesis is to 

IMPLICATIONS OF THE 
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manipulate these sensations and alter the human body effects 
in order to achieve a pleasurable experience of traveling by 
car over longer periods of time. 

This sensory stimulation should be affective but not 
annoying, and it should be holistically integrated in the 
interaction with the vehicle interior for a coherent experience. 
Senses carrying cognitive information are left out of the scope 
of this research since stimulating these creates the risk of 
overload and disturbance from the primary activity (De Korte 
et al., 2012). Generally, cognitive information is gained by the 
combined activity of the verbal and imagery system (Paivio, 
2006). Thus, cognitive stimulation via for instance a secondary 
task on the board computer (e.g. Desmond & Matthews, 
1997; May and Baldwin, 2009; Gershon et al., 2009) or 
communication (Schmidt et al., 2011) is not pursued here. 
Audio stimulation would also interfere with the common 
desire to listen to music while driving as found by Gershon 
et al., 2011. Furthermore,  the aim is not to develop haptic, 
audio, or vision alerts that warn the driver when performance 
decreases or if there is an immediate accident risk since 
these are interventions for accident prevention which do not 
contribute to a pleasant experience.

The concept here is to provide stimulation by 
physiological impulses and physical variety. The first is 
inspired by the fact that temperature (e.g. Jansky et al., 
2013; Koehn  et al., 2012) and scent stimuli (e.g. Horii et 
al., 2013) are related to activation of the sympathetic nervous 
system which is responsible for shifting the body’s state from 
rest to alert. Creating a cool environment when driving is 
also an intuitive fatigue countermeasure (Gershon, 2011). 
The second is inspired by the beneficial effects of posture 
variation against physical aspects of fatigue (e.g. Graf et al., 
1995; Leuder, 2004), and the fact that bodily movements are 
a natural countermeasure against cognitive fatigue aswell(e.g. 
Rogé et al., 2001; Takanishi et al., 2010).

In conclusion, the vision for this research is to develop 
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a vehicle interior concept that offers sensory stimulation 
for a positive driving experience. The interaction with this 
stimulating environment should result in different human 
body effects leading to the experience of well-being and the 
sensory stimulation should lead to positive affect. This also 
allows for the definition user experience quality specific to 
this context:

- The vehicle occupant should be feeling fit upon 
arrival to engage in whatever activity he/she traveled to. 
(Need fulfillment).
- The stimulation results into a positive, physiological 
effect indicating bodily activation and travelling by car 
should not be perceived as straining (Ergonomics).
- Pleasant, varying stimulation of the senses results 
into human body effects that avoid a feeling of fatigue 
(Well-being).
- The sense of touch, that will be stimulated mechanically 
and thermally, is closely related to affect and this 
stimulation should lead to feelings of pleasantness and 
activation (Experiential feelings).
- People have positive association with the types 
of stimulation applied, since they are also intuitive 
countermeasures against fatigue or associated with 
refreshment (Meaning).

Implications of the framework
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STUDIES ON SENSORY 
SIMULATION.

B

The first part of this thesis concludes that stimulation of car 
drivers with physiological impulses and physical variety is a 
possibility for the prevention of the perception of tiredness 
by a monotonous driving task. The second part of this thesis 
describes user research consisting of five studies on sensory 
variation or stimulation. These studies either analyze the 
interaction between user and vehicle interior in relation 
to sensory variation, or evaluate the stimulation principles 
on subjective and objective measures of a positive driving 
experience.

 The first chapter of this part of the thesis describes 
a study on the physiological impulse consisting of periodic, 
local cooling of the hands. Here, its effects on the quality 
of user experience were evaluated during a simulated, 
monotonous driving task. The second chapter presents 
one study analyzing how sensitive the body is to physical 
variety through the seat, and one study analyzing how 
much deviation from the driving posture through the 
seat is allowed by the constraints of the driving task. The 
objective of these studies is to guarantee the pragmatic 
quality of physical variety in the context of driving. They 
provide input for a seat system imposing posture variation, 
which is evaluated in the third chapter of part B on its 
effects on ergonomics, well-being and experiential feelings. 
The findings presented in the fourth chapter show that the 
pre-condition influences sensory perception in a product 
experience.
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Abstract.

Literature suggests that stimulation is needed to counter 
the negative effects on well-being related to a monotonous, 
undemanding task. One possibility is to offer local cooling 
of body parts, since several studies suggest that this activates 
the sympathetic nervous system. Sensory stimulation is also 
desired by humans and related to affect. The effects of 
local cooling on perceived drowsiness, experiential feelings, 
perceived task load and heart rate are investigated during 
a simulated, monotonous driving task. The results show a 
significant increase in heart rate related to cooling the hands. 
Although no significant effects on perceived drowsiness and 
task load were found, the majority of participants (83%) 
preferred to perform the monotonous driving task with 
local cooling. Well-being could be influenced by personal 
preferences, since the participants who enjoyed it (47%) 
experienced it as refreshing, pleasant and stimulating but for 
those who disliked local cooling (53%) it caused discomfort. 
The cooling method should be improved to further increase 
well-being and possible effects on driving performance should 
be evaluated.

THE PSYCHO-
PHYSIOLOGICAL 
EFFECTS OF LOCAL 
COOLING DURING A 
SIMULATED, MONO-
TONOUS DRIVING TASK.

5
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Introduction.

The perception of drowsiness or feeling fatigued is associated 
with an uncomfortable experience for vehicle occupants, 
and various processes are related to the development of this 
feeling of tiredness (e.g. May and Baldwin, 2009; Van Veen 
et al., 2014). Since it is preferable to prevent this perception, 
the present study investigates the psychophysiological effects 
of sensory stimulation on well-being during monotonous 
driving. Often, driver fatigue is researched in relation to 
traffic safety (e.g. Knipling and Wang, 1994; Horne & 
Reyner, 2001). This study, however, does not evaluate effects 
on driver performance or safety but effects on well-being. A 
sense of well-being is related to physical comfort (Helander 
and Zhang, 1997), and this is experienced when bodily 
sensations resulting from the interaction between the human 
and product are perceived positively (e.g. Vink and Hallbeck, 
2012; Naddeo et al., 2014). However, positive feelings are 
also related to well-being (e.g. Desmet and Pohlmeyer, 2013).

Monotonous, undemanding tasks cause the experience 
of fatigue (Hancock and Desmond, 2001; May and Baldwin, 
2009), also referred to as boredom by Grandjean (1979). 
According to Banks and Stanton (2014), the characteristics 
of driving a car will be even more similar to those of a 
monitoring task (“like a pilot in a cockpit”, p. 3653) in the 
context of highly automated vehicles. This bears the risk 
of a driver being desensitized due to lack of demand at the 
moment when taking over the driving task from the vehicle if 
necessary. This disengagement during monotonous activities 
can lead to drowsiness. Drowsiness can also be defined by 
a loss of vigilance (Campagne et al., 2004) and according 
to Parasuraman et al. (1998) vigilance is influenced by the 
frequency and variety of stimulation. Existing definitions 
(Desmond & Matthews, 1997; Balkin et al., 2011) of criteria 
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for the development of fatigue countermeasure systems, also 
state a stimulus should be applied when the driver grows tired. 
Sensory variability is also generally preferred by humans 
(Heerwagen, 1992). Thus, it seems that stimulation is needed 
to re-activate a desensitized driver, and it therefore might be 
an opportunity to increase well-being. 

Hence, the concept here is to increase well-being of 
vehicle occupants by intervening with sensory stimulation. 
The objective is to learn if additional stimulation of the senses 
contributes to a more positive experience of a monotonous 
driving task. One possible way of offering stimulation to the 
driver is local cooling, since several studies suggest that local 
cooling of body parts activates the sympathetic nervous system. 
Activation of the sympathetic nervous system results into a 
(physiological) shift from a state of rest to a state of alertness: 
the sympathetic nervous system (SNS) is responsible for 
priming the body for action. Cooling the lower legs with 12° 
water results in activation of the sympathetic nervous system 
within 3 to 10 minutes (Jansky et al., 2003) and immersion 
of the hand in cold water (5°) activates the SNS, measured 
by blood pressure and heart rate (LeBlanc et al., 1975). 
Furthermore, sympathetic activation occurs by cooling head 
and neck with 4°-cold gel (Koehn et al., 2012). Sendowski et 
al. (1999) also found SNS activation caused by immersion 
of the right hand or the left hand and right index finger in 
5° water within 5 minutes, but not for immersion of only the 
right index finger. 

The cooling of body parts with 10° C water also 
results in a shift of perceived thermal comfort from warm to 
cold (Tamura and An, 1993). This poses a challenge when 
developing automotive features with such extreme cooling 
without inducing overall discomfort. It could also be a 
technological challenge to implement such low temperatures. 
Therefore, it is necessary to activate the sympathetic nervous 
system with as little difference in temperature as possible. 
Tham and Willem (2010) found that a 50-minute exposure 
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to 20° room temperature already leads to a cooling sensation 
on the skin, better accuracy and SNS activation in comparison 
to a 24° waiting room in an office. This small difference in 
temperature means that local cooling could be promising for 
physiological stimulation of vehicle occupants.

In literature on driver fatigue, studies can also be 
found on cold air when perceiving drowsiness. Opening the 
window is intuitively used as a fatigue countermeasure by 
both professional and non-professional drivers (Gershon et 
al., 2011). Several other studies also found that opening the 
window is a commonly used strategy when feeling tired (Anund 
et al., 2008; Schützhofer & Torner,2009). However, there are 
also studies (Reyner and Horne, 1997; Schwarz et al., 2012) 
that show no effect of cold air from the air conditioning vents 
or window on sleep-related fatigue, but sleep-related fatigue 
is also considered intervention resistant by most researchers 
(e.g. May and Baldwin, 2009). Furthermore, it is not known 
if cold air from the window or vents is enough to result in 
physical effects in the form of SNS activation and what its 
effects are on comfort.

The present study sets out to investigate the effects 
of local cooling during a monotonous driving task. The 
objective is to learn if intermittent, local cooling of the hands 
with a smaller difference in temperature than described in 
literature causes a physiological effect during simulated 
driving contributing to well-being. Furthermore, if this is the 
case, it is of interest to learn if the physiological effect results 
in decreasing perception of drowsiness and a better comfort 
experience when performing a monotonous driving task.
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Method.

Procedure 

In order to answer the research question two tests were 
executed with 32 participants (30 male, 2 female) aged 21 
to 39. This sample characteristic was defined to avoid age-
specific effects on heart rate and, additionally, it was ensured 
that participants did not have diabetics or heart diseases 
during selection. In order to avoid circadian rhythm effect, 
care was taken to have the participants come in at the same 
time of day for both tests. Furthermore, the tests took place 
on different days with on average 4 days between the two. 
During each test, perceived drowsiness and workload, heart 
rate and comfort experience were measured. 

When participants arrived at the laboratory, the 
measurement equipment was applied and the participants 
filled out the questionnaires on personal information and 
drowsiness. The goal of the study was not revealed and 
the participants did not know in advance that local cooling 
would be applied. The participants were told that the study’s 
objective was to obtain psychophysiological measurements 
during simulated driving. The experiment started with 40 
minutes of monotonous, undemanding activity in the form 
of a simulated driving task in combination with simple 
assignments similar to the fatigue induction procedure of 
Desmond and Matthews (1997). Whereas Desmond and 
Matthew (1997) simulated fatigue from stress (overload), 
however, the task designed for this study was undemanding 
and there was no time pressure applied in order to simulate 
fatigue from task-underload. 

For simulation of the driving task, the participants 
followed a projected line by operating the steering wheel. 
It was not necessary to operate the foot levers. Since the 
intention was to study undemanding monotonous driving, the 
track was designed with gentle curves and slow transitions into 
the curves. For the assignments, participants had to assess if 
arrows were pointed up or down, or pointed to the left or 
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to the right by pressing buttons on the steering wheel. The 
psychophysiological assessment of this part of the experiment 
are described elsewhere (Kühnpast, forthcoming). After this 
part, the participants would fill out the questionnaire on 
perceived drowsiness again. 

Thereafter, the participants would perform only the 
driving task for 15 minutes. Each participant came in twice to 
take part in the study and the driving task was performed once 
with the cooling sequences and once without. The order was 
systematically varied. The protocol of the final 10 minutes 
of the driving task with the cooling sequence was as follows: 
first period of cooling (0:00-4:00 minutes), no cooling (4:00-
4:30), restoring the temperature (4:30-5:00), second period 
of cooling (5:00-9:00), no cooling (9:00-10:00). The cooling 
period of 4 minutes was chosen, because the literature 
described in the introduction shows that SNS activation 
occurs within minutes of cooling onset although with larger 
temperature differences. 

Finally, the participants filled out the questionnaire on 
perceived drowsiness a third time, as well as a questionnaire 
on perceived task load of the final 15 minutes of driving. After 
performing the driving task with cooling, there would also 
be a questionnaire on comfort experience and evaluation. 
After participating twice, the subjects would indicate their 
preference on performing the driving task with or without 
cooling. 

Measurements

In order to evaluate the effects of the local cooling on the 
participants, a physiological measurement was carried out 
to assess the participants’ state (heart rate). Furthermore, 
assessments were made to evaluate the perceived drowsiness, 
perceived task load and comfort experience using 
questionnaires. All questionnaires were filled out by the 
participants on paper. 

The questionnaire on perceived drowsiness consisted 
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of four 11-point Likert-scales (-5 to +5) with the following 
pairs of words: drowsy - alert, tired – well-rested, indolent – fit, 
and sleepy - awake. Perceived drowsiness was calculated by 
averaging the results of the four Likert-scales and measured 
thrice: before the study began, after the fatigue inducing 
tasks (after 40 min.) and after the driving task with or without 
cooling (after 55 min.). Perceived drowsiness after 55 min. 
and the increase/decrease of drowsiness between minutes 40 
and 55 were compared for the driving task with and without 
cooling. Since the data were normally distributed, a paired-
samples t-test using SPSS 20 was used for statistical evaluation 
(α=0.05). 

Perceived task load was evaluated in order to assess 
if the task is experienced as straining or tiresome. Several 
questionnaires assessing workload exist. The NASA TLX 
(Hart and Staveland, 1988), for instance, is commonly used. 
The DALI questionnaire (Pauzie, 2008), on the other hand, 
is especially for assessment of the driving task. However, 
the problem is that these questionnaires rather assess task 
overload and, therefore, the applicable categories from these 
questionnaires were inversed in order to asses task underload.

The NASA TLX assesses mental demand, physical 
demand, temporal demand, performance, effort and 
frustration on scales of 21 steps ranging from “very low” to 
“very high”. The DALI questionnaire evaluates mental effort, 
visual demand, auditive demand, tactile demand, stress 
caused by the task, temporal pressure caused by the task 
and interference between driving and secondary task. Mental 
demand (NASA TLX, in DALI: mental effort and visual 
demand) is appropriate for this study, but the participants 
should not view the question as a rating of the difficulty of 
the task. Therefore this category is used inversely resulting in 
questions 1, 4, 5 and 8 (How tiresome did you find carrying 
out the task; how difficult did you find it to concentrate during 
the task; how high was the visual demand of the task; how 
fatiguing was performing the task?). 
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Physical demand (NASTA TLX, in DALI: auditive 
and tactile demand) is not applicable to this study. Temporal 
demand (NASA TLX, in DALI: stress and temporal pressure 
caused by the task) is also inversed, resulting in questions 3 
and 6 (How boring did you find the task; how difficult did 
you find keeping your attention to the task?). Since the task 
in itself is very simple, it was not asked how successful the 
participants were (performance in NASA TLX) or how hard 
they had to work to accomplish their level (effort in NASA 
TLX). It was of interest to assess participants’ annoyance with 
carrying out the monotonous task (frustration in NASA TLX) 
and a question concerning their motivation level was added 
(question 2: How frustrated/ annoyed/ irritated did you feel 
during the task; and question 7: how motivated were you to 
perform the task over time?). The questions were assessed 
with 11-point Likert-scales (-5 to +5). Since the data were 
normally distributed, a paired-samples t-test using SPSS 20 
was used (α=0.05).

In order to determine how local cooling of the hands 
is experienced, the following questionnaire was used. The 
participants marked six 11-point Likert-scales (0-10) with the 
following pairs of words describing experiential feelings: not 
vitalizing at all – very vitalizing, no discomfort – maximum 
discomfort, no annoyance – very irritating, not refreshing 
at all – very refreshing, not pleasant at all – very pleasant, 
not stimulating at all – very stimulating. Furthermore, the 
participants were asked to answer the following questions with 
“Yes” or “No”: “Did you enjoy/like the cooling of the hands?” 
and “Do you think the cooling could decrease fatigue caused 
by monotonous driving?”. There was also the opportunity 
to add comments to further explain how the cooling was 
experienced. After the participants had conducted the study 
twice, they were asked how they preferred performing the 
driving task: with or without cooling. Statistical analysis 
(ANOVA) was used to evaluate any order effects of the 
stimulus on evaluation.
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Heart rate was recorded using ECG-electrodes and a 
bio-signal amplifier (Guger Technologies) with a sample rate 
of 256 Hz. A significant increase in heart rate is used as an 
indication of SNS activation (e.g. Jansky et al., 2003; Koehn 
et al., 2012; LeBlanc, 1975; Sendowski et al., 1999). Heart 
rate is also used in studies assessing driver fatigue (Backs et 
al., 2003; Gershon et al., 2009; Mehler et al., 2012; Patel et 
al., 2011; Reimer et al., 2011; Schmidt et al., 2011; Yang et 
al., 2010). Mehler et al. (2008) used a threshold of 2 bpm 
to define a change in heart rate. In this study, heart rate was 
mediated for each minute. It was evaluated if cooling of the 
hands causes a significant increase in heart rate and/or if 
heart rate surpasses the threshold of 2 bmp. Since the data 
were normally distributed, a paired-samples t-test was used 
(α=0.05).

Mock-up

The participants were seated in a mock-up of a cockpit (fig. 1, 
left). In order to perform the driving task, it was only necessary 
to operate the steering wheel (Vetas II, GIF, Germany). 
The line that needed to be followed and the participant’s 
steering motion was generated with feedback software from 
the steering wheel signal, and projected on a screen in front 
of the mock-up. It was possible to adjust the position of the 
steering wheel and markers indicated were the hands should 
be placed. Two cooling modules were attached to the cockpit 
directed to the hands (fig. 1, right). The modules cooled 
down the environment temperature locally for 5 °C within 
150 s. and this cold air was blown on the hands in order to 
achieve local cooling. 

1

Mock-up of a vehicle 

cockpit (left) with the 

cooling modules (right).
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The required motion of the steering wheel was designed in 
such way that the hand would always stay in the range of the 
cooling modules.

Results.

Perceived drowsiness and task load.

Perceived drowsiness over time for the condition with 
and without cooling is shown in figure 2. The vertical axis 
represents the Likert-scale with the negative numbers 
representing a more tired state ( -5 represents the most 
tired state, 0 represents neutral, and +5 represents the 
most fit state). Perceived drowsiness increases for both 
conditions at a similar rate between measure point A and 
B. This increase is significant (with local cooling: p= 0.000, 
without local cooling p= 0.001), indicating that the task 
is indeed tiring. The difference in drowsiness at 55 min. 
between both conditions not significant (p= 0.189). At the 
end of the experiment, there is also no difference between 
the two conditions (p= 0.300). When looking at the Likert-
scales separately, there is a significant difference (p= 0.042) 
for question two (tired versus well-rested). Participants rate 
the driving task without the local cooling as significantly 
more tiresome. No significant differences are found in the 
results of the other questions (drowsy – alert: p= 0.080, 

2

Perceived drowsiness 

before the experiment, 

after 40 minutes, and 

after the experiment. 

Local cooling was only 

applied between 40-45 

min. 
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indolent – fit: p= 0.454, and sleepy – awake: p= 0.737).
The results on perceived task load are presented in 

figure 3. None of the questions show a significant difference 
(tiresome: p= 0.675; annoying: p= 0.819; boring: p= 0.147; 
concentration: p= 0.251; visual demand: p= 0.376; attention: 
p= 0.095; motivation: p= 0.519; fatigue: p= 0.798). 

Experiential feelings and evaluation

The participants’ evaluation of the local cooling during the 
driving task is shown in table 1. Within this sample of 32 
subjects, 47% likes the local cooling of the hands. Thus, a 
small majority of the participants experience the local cooling 
of the hands as unpleasant. Considering the comments, the 
reason for this rating is that their hands would get too cold and 
the air vents were blowing too strong. After completing the 
session with local cooling of the hands, 83% of the participants 
think that the cooling of the hands helped countering fatigue. 
After completing the test twice, 60% of participants prefer 
performing the driving task with local cooling on the hands. 
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The ratings (averages) of 

the attributes to perceived 

task load for both 

conditions.

Yes (%) No (%)

Did you like the cooling? 47 53

Do you think that the cooling helps against 
fatigue?

83 17

With 
cooling (%)

Without 
cooling (%)

How did you prefer the task? 60 40

Table 1

Subjective evaluation 

of local cooling during 

the simulated driving 

task (percentage of 

participants).
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This shows that 13% of the participants who do not like the 
cooling still prefer it because they feel that there is a perceived 
beneficial effect on fatigue. Statistical analysis (ANOVA) 
showed no significant effect of order on user preference 
(p=0.563). 

The results on the experiential feelings of the session 
with cooling are split into the answers of participants who enjoy 
the cooling and who dislike the local cooling of the hands (see 
fig. 4). Participants, who liked the cooling of the hands during 
driving, experience it above all as refreshing (mean rating = 
6.6). Participants who do not like the cooling above all think 
that it causes discomfort (mean rating = 5.6). The difference in 
comfort experience rating between “like cooling” and “do not 
like cooling” is significant for the rating terms “discomfort” 
(p=0.030), “refreshing” (p=0.006), “pleasant” (p=0.001) and 
“stimulating” (p=0.003).Thus, people disliking local cooling 
of the hands experience significantly more discomfort. 
People enjoying local cooling, on the other hand, experience 
it as significantly more refreshing, pleasant and stimulating. 

Heart rate

The ECG-datasets of 28 participants were of useable quality. 
Figure 5 shows the heart rate over time for the final 10 minutes 
of driving with local cooling (left) and without local cooling 
(right). The ECG results were not only compared between 

4

The experiential feelings 

after the session with 

local cooling of the hands, 

distinguishing between 

participants who liked or 

disliked the cooling. 
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sessions but also within sessions. The hands are cooled 
during minutes 1, 2, 3, and 4 as well as during minutes 6, 7, 8 
and 9. The average difference in heart rate between the first 
(average HRt=1 = 64.58 bpm) and the last minute (average 
HRt=4 = 66.63) of the first cooling period is 2.05 bpm. This 
exceeds the defined threshold of a heart rate increase of 2 
bpm. Furthermore, heart rate increase is significant for both 
cooling periods (cooling period 1: p= 0.000; cooling period 
2: p= 0.045). 

This significant increase in heart rate is already 
achieved in minute 3 for the first cooling period (p= 0.000) 
and minute 8 for the second cooling period (p= 0.014). This 
difference is not yet significant for the second minutes of 
each cooling period (p= 0.108 and p= 0.582 respectively). 
Therefore, it seems that 3 minutes of cooling is sufficient 
to achieve a significant increase in heart rate. No significant 
differences in heart rate over time are found for the session 
of simulated driving without cooling (min. 1-4: p= 0.400, min. 
6-9: p= 0.339). 

 

Discussion.

The study’s objective is to learn the effects of 
intermittent, local cooling of the hands on well-being during 
simulated driving with psychophysiological measurements. 
Physiological effects with large temperature differences have 
been reported in literature. However, effects of local cooling 
with a smaller difference in temperature in the context of 
a driving task and on well-being have not been previously 

The psychophysiological effects of local cooling during a simulated, monotonous 
driving task

5

The average heart 

rates during the final 

10 minutes of the 

experiments with local 

cooling (left) and without 

local cooling (right). In 

the left figure, the colored 

background indicates the 

time during which local 

cooling was applied.
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investigated. This study’s results of heart rate measurements 
indicate a positive, physiological effect of the local cooling 
of the hands. This suggests that local cooling during a 
monotonous task can result into a shift of body state. These 
findings correspond to the studies of Jansky et al. (2013), 
Koehn et al. (2012), LeBlanc et al. (1975) and Sendowski 
et al. (1999),who all found activation of the sympathetic 
nervous system caused by local cooling with more substantial 
temperature differences and without performing any task 
indicated by a significant increase in heart rate. The results 
of the present study also show that when applying a second 
period of cooling after a one minute-break, a significant 
increase in heart rate is observed again. This indicates that the 
stimulus can be applied multiple times with positive results. 

The user evaluation furthermore indicates that the 
majority of the participants experience a positive effect of 
the local cooling on the subjective state, since participants 
indicated that local cooling helped against fatigue. However, 
there were no significant effects in the overall perceived 
drowsiness and the perceived task load. Only for one of the 
four drowsiness questions there was a significant difference: 
participants rate the driving task without the local cooling as 
significantly more tiresome. It is possible that the variety of 
stimulation lead people to think they feel less tired, although 
the values of perceived drowsiness and task load do not have a 
similar outcome. However, it could also be beneficial to start 
offering the stimulation earlier since fatigue increase might 
stabilize a little after cooling onset: perhaps the local cooling 
cannot undo subjective fatigue but rather prevent it from 
occurring. Further research could investigate this approach. 
This experiment, however, did not show a beneficial effect 
of stimulation after at the end of a monotonous task on 
perceived drowsiness.

The fact that participants prefer performing the driving 
task with local cooling could be due to the variety of stimulation 
(Heerwagen, 1992; Parasuraman et al., 1998) counteracting 
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monotony. Since 53% of the participants disliked local cooling 
and 47% liked it, however, this preference does not prove 
an overall increase in well-being. The results on experiential 
feelings show that participants who disliked the local cooling 
experienced more discomfort and participants who enjoyed 
it experienced it as more refreshing, pleasant and stimulating. 
Therefore, the experience of local cooling by the participants 
could also be depending on personal preferences or that the 
personal thermal comfort level influences the appreciation of 
the system: It could be possible that certain people will always 
reject a cooling system that other people find enjoyable. 
Further research could investigate the effects on thermal 
comfort of the stimulus in comparison to well-being related 
to the driving task. Lack of control of the participant on the 
system can also lead to disliking local cooling. Other studies 
(e.g. on automatic seat adjustment by Zenk, 2012) have 
shown that users reject systems they cannot control and in the 
present study the participants did not initiate the local cooling 
themselves and were not informed that cooling would occur.

This study was carried out under standardized 
conditions in an ergonomics laboratory in order to exclusively 
assess the effects of local cooling on fatigue. Consequently, 
a limitation of the study is that the laboratory setting results 
into a considerably difference to driving in reality. Therefore, 
it is not clear what the effects of local cooling would be in 
the context of the motivations and intensions of driving 
either for work, as a commute or in leisure time and it is of 
interest to learn if the effects of local cooling on heart rate 
are reproducible under real driving conditions. Another 
limitation of the study is the selected sample of population: it 
is unknown what the effects of these kinds of stimulation or 
on people of for instance different age and how they would 
perceive the temperature difference.

The results on experiential feelings and subjective 
evaluation also show that there is a need to improve the cooling 
transition. It seems to be possible to decrease cooling time to 3 
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minutes, but perhaps replacing blowing cold air on the hands 
with conduction from the steering wheel can also increase 
comfort. Although the study shows that local cooling of the 
hands can be perceived as refreshing and stimulating, further 
research is needed to learn about the (psychological) factors 
that result in the user evaluation that local cooling is useful 
against drowsiness, since there are no significant differences 
in perceived drowsiness and task load. Furthermore, it would 
be of interest to learn how long a positive effect can be 
measured to gain insight on how often the stimulus should 
be applied. Moreover, it is important to gain knowledge on 
the stimuli’s effect in realistic driving situations and with an 
improved usability concept. In literature, requirements for 
development of a fatigue countermeasure system are defined 
(Desmond and Matthews, 1997; Balkin et al., 2011). First 
the system must indicate/measure drowsiness or driving 
performance, followed by a stimulus or intervention. The 
present results, however, indicate that it is of interest to 
investigate if prevention is more effective than reaction upon 
drowsiness perception and that the vehicle driver should have 
some level of control on stimulus application. 

Conclusion.

Local cooling of the hands during a simulated, monotonous 
driving task affects the physiological state, since significant 
increases in heart rate were found upon application. The 
participants of this study also preferred carrying out the 
driving task with local cooling because they feel that it helps 
against drowsiness. Although this implies a positive effect 
caused by variety of stimulation, the results do not show a 
decrease in perceived drowsiness or task load. The fact that 
53% disliked local cooling (“discomfort”) and 47% liked 
local cooling (“refreshing”, “pleasant”, “stimulating”) shows 
no conclusive increase of well-being. This could be due to 
personal preferences.

Based on the physiological results of this study, 
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local cooling seems to be a possible starting point for the 
development of a system aiming at stimulating the driver 
during a monotonous, undemanding trip. The system, 
however, should be designed in such way that no discomfort 
occurs and more research is needed to evaluate the stimulus’ 
effects in realistic driving scenarios, over longer periods of time 
and with a different population of participants. Furthermore, 
it should be learned if earlier application of local cooling can 
prevent drowsiness rather than striving to undo it. 
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Abstract.

Background:

Passive posture variation in vehicles could enable variation in 
pressure distribution and muscle activity to counter physical 
fatigue from static seating resulting in more comfort. The 
difference in posture, however, should not lead to perceived 
discomfort and should consider aspects of the driving such as 
operating the steering wheel, pedals and vision in the mirrors. 

Objective:

This study sets out to find out how much postural variation 
is allowed by the driving task and how sensitive is the human 
body to these changes.

Methods:

The first experiment assessed if and how the changes in 
seat configuration are noticeable to the human body with 
user evaluation of the seat configurations. The second 
experiment evaluated the influence of varying inclination of 
the backrest and the seat pan on the rating of typical aspects 
of the driving task. 

PHYSICAL VARIETY IN 
A CAR WITHIN THE 
RESTRICTIONS OF THE 
DRIVING TASK.

6
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Results:

The differences in seat configuration during experiment 1 
were so small that there was poor consistency of ratings for 
the same configuration. The driving task seems to be the 
critical restraint to posture variation and the most critical 
feature that restrains the posture is the location of the rear 
view mirror.

Conclusions:

The range-of-motion is defined to -1° to +1° for the seat 
pan and 0° to+1,5° for the backrest based on the results of 
experiment 2 because of the restraints of the driving task.

Keywords: dynamic sitting, range-of-motion, vehicle seat

 

Introduction

Physical fatigue when driving a car is partly related to 
perceptual-motor adjustments needed to perform the driving 
task such as using the pedals, and holding and operating the 
steering wheel (Desmond and Hancock, 2001). Grujicic et 
al. (2010) moreover defined three factors related to physical 
driver fatigue: the maximum level of muscle activity and the 
number of muscles activated, shear force and spinal force. 
Thus, effects of sitting are also related to driving fatigue. The 
factors defined by Grujicic et al. (2010) correspond to the 
three sitting characteristics that influence discomfort defined 
by De Looze et al. (2003) based on a literature review: 
pressure distribution, muscle activity and lumbar curvature. 
Furthermore, Le et al. (2014) found that blood oxygenation 
in leg muscles is also correlated to discomfort when seated in 
general. 

Consequently, prolonged static sitting is an aspect of 
driving which causes physical fatigue and, moreover, restricted 
postures also lead to a higher risk of musculoskeletal complaints 
(Gallagher, 2005). Protracted sitting causes discomfort and, 
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in general, it is hence encouraged to periodically engage in 
non-sedentary activities (Beach et al., 2005). However, in the 
context of driving a car it is not possible to do so without 
aborting the driving task. Ebe and Griffin (2000) found that 
discomfort is mainly influenced by the seat characteristics 
and that vibration can be ruled out as an influence of physical 
fatigue in modern cars. 

Several efforts have been made to develop 
ergonomically-sound seats, for instance by attempting to 
define an ideal pressure distribution (i.e. Zenk, 2008) or to 
support an ideal spine curve with for instance lumbar support 
(i.e. De Carvalho and Callaghan, 2012). This is probably not 
sufficient to prevent discomfort; movement or frequent change 
between (healthy and stable) body postures is necessary to 
improve seating comfort (Lueder, 2004). Graf et al. (1995) 
also supported that natural movements (within an acceptable 
range) are desirable. Moreover, a study of Fujimaki and Noro 
(2005) also showed that natural movements occur in order to 
decrease discomfort caused by prolonged sitting. Although 
several studies examined the effects of bodily movements on 
discomfort, there seems to be no consensus on the frequency 
and range of movement that should be offered. Vergara and 
Page (2002) stated that a macro-movement is a distinctive 
change of posture for every for 5 to 6 minutes. Callaghan and 
McGill (2001) defined dynamic sitting as variation of at least 
3 postures over 2 hours. Several researchers have investigated 
the effect of passive micro-movements. 

Van Deursen (2000) found that passive rotation of a pig 
cadaver spine results in an immediate increase of disc height 
at a rotation of less than 2°. However, Beach et al. (2005) 
tested a continuous passive motion device in an office chair, 
which resulted in no difference in EMG or locally perceived 
discomfort. Passive rotation in an office chair compared to no 
passive micro-movement for the same office tasks, resulted in 
significantly less spinal length in the static chair (Van Deursen 
et al., 2000), but a long term study on the effects of a similar 

Physical variety in a car within the restrictions of the driving task
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passive motion device on low back pain found no advantage 
of the device (Lengsfeld et al., 2007). Therefore, local passive 
micro-movements do not seem sufficient.  

In order to offer dynamic sitting, office chairs have 
been developed with certain swinging mechanisms, resulting 
mostly in a greater variation in the inclination angles of the 
seat (Ellegast et al., 2012). Effects of sitting in this kind of 
chair on muscle activity have been reported (Wittig, 2000). 
Groenesteijn et al. (2012) also found that such a swing-system 
chair is related to positive comfort evaluations in the context 
of computer work which is also very restricting. 

The aforementioned studies indicated that postural 
change consisting of variation of seating angles contributes 
to comfort rather than the application of local micro-
movements, and the concept here is therefore to offer posture 
variation within the limitations of the driving task. The goal 
of this passive posture variation is to enable variation in 
pressure distribution and muscle activity to counter physical 
fatigue from static seating. Moreover, this could result in 
more perceived comfort for car drivers. The first demand of 
passive posture variation is to offer variation of which the body 
can sense the movement but the difference in configuration 
should result into discomfort. Helander et al. (2000) found 
just noticeable differences in seat height, seat pan angle and 
backrest angle of office chairs and they found that sensitivity of 
postural change results from the response from body tissues 
and joints. However, allowing for posture variation in a car is 
particularly challenging because the driving task is restraining 
posture and the driver cannot be distracted. Studies in office 
environments have already shown that the task restrains 
posture more than the actual seat (Groenesteijn et al., 2012, 
Ellegast et al., 2008). Therefore, the second requirement of 
passive posture variation is allowing for various aspects of the 
driving task such as operating the steering wheel, pedals and 
vision in the mirrors. Thus, this study sets out to evaluate 
how much postural variation is allowed by the driving task 
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and how sensitive is the 
human body is to these 
changes.
Consequently, this 
paper aims to answer 
the following research 
questions:
- Can the body sense 
the difference in the 
succeeding steps of the 

seat movement?
- What seat movements do not affect vehicle 
operation (i.e. steering, using pedals, and mirrors)?

For this purpose, two experiments were carried out. The 
first experiment evaluated if and how the changes in seat 
configuration are noticeable to the human body. The 
second experiment evaluated the influence of varying 
inclination of the backrest and the seat pan on typical 
aspects of the driving task in order to determine a possible 
range of motion. 

EXPERIMENT 1:  

Noticeable differences in the seat configuration.

In order to learn if the difference in seat configuration is 
perceived by the human body, an adaptation was made of a 
method developed by Helander el al. (2000). They used it 
to find out which differences in office seat configuration are 
noticeable to define how much adjustment the seat should 
allow. The hypothesis here is that if the human body cannot 
perceive the differences, the variation of seat configuration 
will not be perceived as annoying or disturbing. Since the 
seat movement would run in succeeding steps, the difference 
between those steps is evaluated.

1

The direction of seat 

adjustment: moving 

the backrest forwards 

(-) and backwards (+), 

and moving the seat 

pan downwards (-) and 

upwards (+). 

Physical variety in a car within the restrictions of the driving task
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Method

Twenty-participants (17 male, 3 female, 169-197 cm, aged 19-
25, all students of Delft University of Technology) evaluated 
different seat configurations in a laboratory. For this purpose, 
a mock-up was built representing the ideal seat configuration 
according to Harrison et al. (2000).The mock-up allows 
variation of the inclination of both the backrest and the seat 
pan. The position of the backrest were -6°, -3°, -1,5°, 0°, 1,5°, 
3°, 6° en the positions of the seat pan were -4°, -2°, -1°, 0°, 1°, 2°, 
4°, where 0° represents the seat angles according to Harrison 
et al. (2000). Figure 1 shows how the directions of seat 
adjustment are assigned. These are the same configurations 
as applied in experiment 2, except for the most extreme 
angles. They were added to make sure that the participants 
would not get confused in case they would not notice any 
differences. The increment size of 1.5° for the backrest and 
1° for the seat pan are based on the study of Helander et al. 
(2000). The mock-up was covered with a sheet.

For evaluation, the participant would sit down and tell 
the researcher their mark based on the scale presented in front 
of them accompanied with a schematic representation of the 
chair indicating the rating directions. With this 11-point Likert 
scale ranging from “too flat” to “too steep” the participant 
could evaluate the inclination of each configuration of the 
backrest or the seat pan. Only one of the two was altered 
for evaluation, the other remained at 0°. Next, the participant 
would stand up (but was not allowed to turn around) and the 
researcher adjusted the configuration. This evaluation was 
repeated for each of the seven positions of the backrest and 
the seat pan and the order of positions was systematically 
varied. Ten participants evaluated first the backrest and then 
the seat pan and repeated that twice, the other then started 
with the seat pan. 

The internal consistency of evaluations was measured 
with Cronbach’s alpha to assess if the same configuration 
resulted into similar scores within the subjects. Since the data 
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Back-
rest -6°~ -3° -3°~ -1,5° -1,5°~ 0° 0°~ +1,5° +1,5°~ +3° +3°~ +6°

Z -3,04 -1,93 -1,81 -1,71 -1,5 -2,98

p 0,002 0,053 0,07 0,087 0,013 0,003

Seat 
pan -4°~ -2° -2°~ -1° -1°~ 0° 0°~ +1° +1°~ +2° +2°~ +4°

Z -3,43 -2,46 -1,31 -3,4 -2,63 -3,29

p 0,001 0,014 0,192 0,001 0,009 0,001

was non-parametric, a Friedman test was conducted to assess 
if the difference in seat configuration leads to significant 
differences in the evaluation. 

Results

Table 1 shows the evaluation of each configuration. This 
table shows that +3° is the best-rated configuration for the 
backrest and that +1° is the best-rated configuration for the 
seat pan. Moreover, the most extreme inclinations are rated 
the worst for both the backrest and the seat pan and the 
ratings approach the best configuration in a logical order. The 
consistency of the ratings is questionable (0,7 >α>0,6) for one 
backrest configuration (+3°) and one seat pan configuration 
(-4°), poor (0,6 >α>0,5) for three backrest configurations (-1,5°, 
+1,5°, +6°), and even unacceptable (0,5 >α) for two backrest 

Backrest
angle Mean SD Min. Max. α

Seat pan
angle Mean SD Min. Max.  α

-6° -2,67 1,52 -4,5 2 0,72 -4° -2,82 1,52 -4,5 -1 0,65

-3° -1,82 1,02 -3 1 0,31 -2° -1,68 1,02 -3 0,5 0,75

-1,5° -1,21 0,98 -3,5 0,5 0,59 -1° -0,97 0,98 -4 1,5 0,85

0° -0,79 0,87 -2,5 0,5 0,15 0° -0,79 0,87 -2,5 1,5 0,75

+1,5° -0,42 0,82 -2,5 1 0,59 +1° 0,05 0,82 -2,5 1,5 0,46

+3° 0,05 0,98 -1,5 3,5 0,69 +2° 0,61 0,98 -2 2,5 0,49

+6° 0,84 1,14 -2 3 0,51 +4° 1,37 1,14 -1 4 0,79

Table 1

Rating of the seat angles 

in experiment 1 on a 

scale from -5 (too flat) to 

5 (too steep) and internal 

consistency of ratings. 

Table 2

Results of the 

Wilcoxon signed-rank 

test in experiment 

1 comparing the 

rating of the various 

backrest and seat pan 

configurations.  

Physical variety in a car within the restrictions of the driving task
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configurations (0°, -3°) and two seat pan configurations (+1°, 
+2°).

There is a statistically significant difference in subjective 
evaluation of the configuration for both the backrest (p=0,000) 
and the seat pan (p=0,000). Post-hoc analysis with a Wilcoxon 
signed-rank test was conducted with a Bonferroni correction 
applied, resulting in a significance level set at α< 0,008. Table 
2 shows the results of this statistical analysis. For the backrest, 
only the two most extreme configurations (-6° and +6°) lead 
to a significant difference in evaluation. For the seat pan, the 
two most extreme configurations (-4° and +4°) were evaluated 
significantly different, but the difference in evaluation between 
0° and +1° was also significant. 

EXPERIMENT 2: 

Variation of seat configuration related to the driving task.

It is necessary to learn if movements of the backrest and seat 
pan are applicable within the limits of the driving task. The 
purpose of this experiment is to define a possible range of 
motion for a car seat for passive posture variation that still 
allows performance of the driving task. The typical aspects of 
the driving task considered are looking into the mirrors and 
operating the steering wheel and pedals.

Method

Twenty-two subjects (14 male, 8 female, 161-186 cm, 
aged 23-46, all interns or employees working at the R&D 
centre of BMW) participated in the experiment. They were 
asked to sit down in a full-size model of a car (four doors 
sedan) with a mechanically adjustable steering wheel and rear 
view mirror, production series pedals, and an electrically 
adjustable seat (seat height, seat position, seat pan angle, back 
rest angle, adjustable lumbar support and head rest position).
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The participants were requested to adjust the seat, 
steering wheel and rear view mirror in such way as they would 
do when actually driving. Assuming this would be the best 
possible configuration for the participants in this particular 
model, the participants then rated it on visibility in the rear 
view mirror, accessibility of the pedals and position of the 
steering wheel. For this purpose a six-point rating scale was 
used (very good (3), good (2), rather good (1), rather bad (0), 
bad (-1), very bad (-2)). 

Next, a series of adjustments were executed by the 
researcher while the participant remained seated. Each 
subject was asked to rate each new configuration on the 
three topics compared to the starting configuration. After 
each adjustment, the seat was returned to the starting 
position. Hence, the participants could compare each seat 
configuration to their starting position. The adjustments (fig. 
1) were increased inclination of the backrest of +1,5° and +3° 
(backwards), decreased inclination of the backrest of -1,5° 
and -3° (forwards), increased inclination of the seat pan of 
+1° and 2°, and decreased inclination of the seat pan of -1° 
and -2°. The adjustments were carried out separately. The 
type of seat used for the study adjusts the angles related to the 
H-point. For some participants, it was not possible to conduct 
all seat pan adjustments because the starting position could 
be at the end of the range of the adjustment system. The seat 
angles were measured with a digital spirit level attached to the 
seat’s frame. Since the data were non-parametric and ordinal, 
the Wilcoxon Signed Rank Test was applied for statistic 
evaluation of significant differences (p=0,05) between the 
evaluation for the different seat configurations. 

Physical variety in a car within the restrictions of the driving task
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Results

Figures 2 and 3 show the average rating of the 22 subjects 
for the different backrest and seat pan adjustments on the 
following points: 

1. View in the rear view mirror.
2. Position of the steering wheel.
3. Accessibility of the pedals.
The vertical axis represents the six rating levels and the 

horizontal axis shows the different positions of the backrest 
or seat pan (P1 is the starting position established by the 
participant). The six rating levels are very good (3), good (2), 
rather good (1), rather bad (0), bad (-1) and very bad (-2). In 
the starting position, the position of the steering wheel (mean 
=2.00, std.dev.= 0.976) and the accessibility of the pedals 
(mean=2.14, std.dev.=0.640) is rated as good. The view in the 
rear view mirror, however, is rated neutral (mean=1.05, std.
dev.=1.174). 

When adjusting the backrest, the rating of the 
accessibility of the pedals remained “good” for the positions 
-1,5° (mean=1.95, std.dev.=0. 844), +1,5° (mean=2.05, std.
dev.=0.785)  and +3° (mean=2.05, std.dev.=0.785). For -3° 
compared to the starting position the rating shifted to “rather 
good” (mean=1.23, std.dev.=0.973). When adjusting the seat 
pan, the rating of accessibility of the pedal remained “good” for 
all adjustments (-2°: mean= 1.91, std.dev.=0.831, -1°: mean= 
2.00, std.dev.=0. 784, +1°: mean= 1.80, std.dev.=0.894, +2°: 

2

Rating of rear view mirror, 

steering wheel and pedals 

in relation to the backrest 

adjustment.  
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mean= 1.70, std.dev.=1.174). The position of the steering 
wheel was still rated as “good” for the backrest adjustment 
of +1.5° (mean=1.68, std.dev.=0.1.041), but shifted to “rather 
good” for the adjustments of +3° (mean=1.23, std.dev.=1.020) 
and -1.5° (mean=1.23, std.dev.=1.193). For the adjustment of 
-3°, the steering wheel position was rated as neither good nor 
bad (mean=0.36, std.dev.=1.364). The rating of the steering 
wheel position remained “good” for all seat pan adjustments 
(-2°: mean= 1.91, std.dev.=1.136, -1°: mean= 2.07, std.
dev.=0.997,+1°: mean= 1.90, std.dev.=0.995, +2°: mean= 
1.75, std.dev.=1.020). 

When adjusting the backrest angle, the rating of the 
view in the rear view mirror shifted to neither good nor bad 
for +1,5° (mean= 0.18, std.dev.=1.097) and -1,5° (mean= 0.27, 
std.dev.=1.453). For the adjustments of +3° (mean= 0.05, std.
dev.=1.327) and -3° (mean= -0.05, std.dev.=1.327), the rating 
shifted to rather bad. The rating of the view remained “rather 
good” when adjusting the seat pan for +1° (mean=1.00, std.
dev.=1.183) and -1° (mean=1.00, std.dev.=1.468). When 
adjusting the seat pan for +2° (mean=0.65, std.dev.=1.309) or 
-2° (mean=0.45, std.dev.=1.635), however, the rating shifted 
to neither bad nor good.

Tables 3 and 4 show the results of the Wilcoxon 
Signed Rank test conducted to determine if the rating 
difference between the various adjustments is significant. 
When adjusting the backrest (table 3), there is a significant 

3

Rating of rear view mirror, 

steering wheel and pedals 

in relation to the seat pan 

adjustment.
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P1_BR+1.5° P1_BR-1.5° BR+1.5°_ BR+3° BR-1.5°_ BR-3°

Rear view 
mirror

0.005 0.006 0.166 .088

Steering 
wheel

0.066 0.005 0.067 0.004

Pedals 0.157 0.102 0.000 0.002

difference in the rating of the view in the rear view mirror for 
+1,5° (p=0.005) and -1,5° (p=0.006). For further adjustment 
of the backrest, this rating does not change significantly from 
+1,5° to +3° (p=0.166) or -1.5° to -3° (p=0.088). Furthermore, 
backrest adjustments of +1,5° (p=0.066) and from +1,5° to 
+3° (p=0.067) do not change the rating of the steering wheel 
position significantly. However, the rating for +3° differs 
significantly from the starting position (p=0.014). For the 
adjustments of -1,5° (p=0.005) and -1,5° to -3° (p=0.004), there 
is a significant difference in the rating of the steering wheel 
position. The first steps of adjusting the backrest (+1,5° and 
-1,5°) have no significant influence on the rating of the pedal 
position (p=0.157 and p=0.102). The next steps, however, do 
significantly change the rating ( p=0.000 for +1,5° to +3° and 
p=0.002 for -1,5° to -3°).

The seat pan adjustment (table 4) of +1° does not have 
a significant influence on the rating of the view in the rear 
view mirror. This rating, however, differs significantly for the 
next adjustment from +1° to +2° (p=0.034). Adjusting the seat 
pan in the other direction (-1°) also results in a significant 
difference in rating (p=0.046), although the next adjustment 
from -1° to -2° does not elicit further significant change 

Table 3

The difference in rating 

between the various 

backrest inclinations in 

experiment 2 evaluated 

with Wilcoxon Signed 

Rank Test (p-values). 

P1 indicates that starting 

position.

P1_SP+1° P1_SP-1° SP+1°_ SP+2° SP-1°_ SP-2°

Rear view 
mirror

0.577 0.046 0.034 0.059

Steering 
wheel

0.705 1.000 0.083 0.317

Pedals 0.059 0.180 0.062 0.314

Table 4

The difference in rating 

between the various 

seat pan inclinations in 

experiment 2 evaluated 

with Wilcoxon Signed 

Rank Test (p-values). 

P1 indicates that starting 

position.
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(p=0.059). Adjusting the seat pan angle does not result in 
significant differences in the rating of the position of steering 
wheel and pedals for all steps.

Discussion.

The results of experiment one show that the configuration 
of backrest and seat pan rated best did not correspond to 
the ideal seat angles according to Harrison et al. (2000). This 
difference (backrest +3°, seat pan +1°) could be explained by 
the lack of context (vehicle interior, driving task). Moreover, 
the fact that the consistency of the ratings was questionable 
to unacceptable for nine of fourteen configurations shows 
that the differences in configuration where so small that the 
participants were not capable of evaluating the same angle 
twice in a similar way. The lack of significant differences 
between the configurations seems to confirm this. However, 
the difference between a seat pan angle of 0° and a seat pan 
angle of 1° is an exception, since this difference was statistically 
significant. Previous research also showed that, depending on 
the vehicle, there is an error in noticing the repeatability of 
the seat position for the backrest of 1.7°-2,9° and for the seat 
pan of 1,1°-1,7° (Frohriep, 2014).

The driving task seems to be the critical restraint 
to posture variation. Experiment 2 shows that a seat pan 
adjustment of 1° upwards has no significant influence on the 
rating of the interior configuration for this seat and could 
therefore be applied to passive micro-movements. The seat 
pan adjustment of -1° and the backrest adjustment of +1,5° 
do not significantly influence the ratings on steering wheel 
and pedal position. This shows that the most critical feature 
is the rear view mirror in this study. Changing the backrest 
position for -1,5° also influences the rating of the steering 
wheel position significantly (next to the rating of the rear 
view mirror) but overall it remains rather good. The rating 
of the rear view mirror does shift to rather bad, but the rear 
view mirror was also rated worse than both steering wheel 

Physical variety in a car within the restrictions of the driving task
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and pedal position in the starting configuration (the rear view 
mirror seems too small for this type of vehicle). This implies 
that if the rear view mirror was rated as “good” for the starting 
position, the seat pan adjustment of -1° and the backrest 
position of +1,5° could also be acceptable for visibility. Future 
developments in the direction of a screen instead of a rear 
view mirror would no longer make this factor a constraint.

A limitation of this experiment is that the adjustments 
were executed sequentially with the participants seated 
and it is possible that this made the difference more 
noticeable. However, this method was chosen in order to 
allow participants to evaluate the difference with the starting 
configuration. The participants were very conscious of what 
they thought to be the logical implications of the adjustments 
and this could be a cause for more sensitivity. The question 
remains if the ratings would have differed so strongly if they 
were to get out of the car between the various configurations 
and the participants would be unaware of the adjustments 
made, since experiment 1 shows that consistency of ratings is 
not good. The reactions of the participants on the researcher 
adjusting the seat for them while they were seated, however, 
also show the importance of low adjustment velocity when 
applying this range of motion for passive micro-movements. 
The results of these experiments could be influenced by the 
seat type. Depending on the stiffness of the cushions, the seat 
can compensate for some of the movement. Therefore, it is 
possible that a different seat would results in a slightly different 
outcome. Furthermore, this study was executed in a lab and 
it is not known yet how these posture variations influence the 
ratings when actually driving a car. Another limitation of the 
study would be that view on the instruments panel and side 
mirrors were left out of considerations, but one could assume 
that the effects on these entities are similar as on the rear view 
mirror.

The goal of this study is to derive recommendations for 
a possible range of motion. For passive micro-movements, a 
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variation in seat pan angle between -1° and +1° and a variation 
of backrest angle between 0° and +1,5° seems plausible (fig. 
4). In a next step, it would be of interest to learn the effect 
of such a range of motion for passive micro-movements on 
subjective and objective measures of comfort. Moreover, an 
experiment during actual driving would verify if the variation 
really is not perceived as annoying or disturbing.

Conclusion.

The difference in between the various seat configurations 
seems to be so small that the participants were not capable of 
evaluating the same angle twice in a similar way (experiment 
1). Moreover, only the two most extreme configurations 
(-6° and +6°) of the backrest lead to a significant difference 
in evaluation. For the seat pan, the two most extreme 
configurations (-4° and +4°) were also evaluated significantly 
different, and the difference in evaluation between 0° and +1° 
was also significant.

Allowing for 
the driving task seems 
to be the critical 
constraint for posture 
variation (experiment 
2). Adjusting the seat 
pan angle for +1° 
had no significant 
influence on the 
rating of the interior 

configuration (visibility in the rear view mirror, accessibility 
of the pedals and position of the steering wheel) by the 
participants. Adjusting the seat pan angle for -1° or the 
backrest angle for +1,5° has no significant influence on the 
ratings of steering wheel and pedal position. When a better 
starting configuration for the rear view mirror is provided, 
a range of motion is recommended with a variation of seat 
pan angle between -1° and +1° and a variation of backrest 

4

The proposed range of 

motion based on the 

experiments´ results.
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angle between 0° and +1,5°. If decreased adjustment velocity 
results in less sensitivity of the users, variation of backrest 
angle between -1,5° and +1,5° could be considered provided 
that the starting configuration of the rear view mirror is better. 
Although the rating difference might be significant, the shift 
from “good” to “rather good” could still imply an acceptable 
interior configuration. Further research is needed to evaluate 
the effect of passive posture variation on subjective and 
objective comfort measures. 



101

 

References.

Beach TA, Parkinson RJ, Stothart JP, Callaghan JP. Effects of 
prolonged sitting on the passive flexion stiffness of the in vivo lumbar 
spine. The Spine Journal,2005; 5(2), 145-154.

Callaghan JP, McGill SM. Low back joint loading and 
kinematics during standing and unsupported sitting. Ergonomics 2001; 
44(3): 280-294.

De Carvalho DE, Callaghan JP. Influence of automobile seat 
lumbar support prominence on spine and pelvic postures: a radiological 
investigation. Applied ergonomics 2012; 43(5): 876-882

De Looze MP, Kuijt-Evers LF, Van Dieën J.  Sitting comfort 
and discomfort and the relationships with objective measures. 
Ergonomics 2003; 46(10): 985-997.

Desmond PA., Hancock PA. Active and passive fatigue states. 
In: P. A. Hancock and P. A. Desmond (Eds.), Stress workload and 
fatigue. Mahwah: Lawrence Erlbaum Associates, Inc. 2001 pp. 445-465

Ebe K,Griffin MJ. Quantitative prediction of overall seat 
discomfort. Ergonomics 2000; 43(6): 791-806.

Ellegast RP, Keller R, Hamburger H, Berger F, Krause 
F, Groenesteijn L, Blok M, Vink P, Ergonomische Untersuchung 
besonderer Büroarbeitsstühle, Sankt Augustin: BGIA, 2008

Ellegast RP, Kraft K, Groenesteijn L, Krause F, Berger H, Vink 
P. Comparison of four specific dynamic office chairs with a conventional 
office chair: impact upon muscle activation, phyical activity and posture. 
Applieder Ergonomics 2012; 43:296-307

Frohriep, S (2014). Seating comfort concepts. 9th International 
conference Innovative Seating 2014. Düsseldorf, Germany. 

Fujimaki G, Noro K. Sitting comfort of office chair design. 
In Proceedings of the 11th International Conference on Human–
Computer Interaction, 2005. Las Vegas, Nevada, USA, July (pp. 22-27).

Gallagher S. Physical limitations and musculoskeletal complaints 
associated with work in unusual or restricted postures: a literature 
review. Journal of safety research, 2005; 36(1): 51-61.

Graf M, Guggenbühl U, Krueger H. An assessment of seated 
activity and postures at five workplaces. International Journal of 
Industrial Ergonomics 1995; 15(2): 81-90.

Physical variety in a car within the restrictions of the driving task



102

Groenesteijn L, Ellegast RP, Keller K, Krause F, Berger H, De 
Looze MP. Office task effects on comfort and body dynamics in five 
dynamic office chairs. Applied Ergonomics, 2012; 43, 320-329

Grujicic M, Pandurangan B, Xie X, Gramopadhye AK, 
Wagner D, & Ozen M. Musculoskeletal computational analysis of the 
influence of car-seat design/adjustments on long-distance driving fatigue. 
International Journal of Industrial. Ergonomics 2010; 40(3): 345-355.

Harrison DD, Harrison SO, Croft AC, Harrison DE, 
Troyanovich SJ. Sitting Biomechanics part II: Optimal car driver’s 
seat and optimal driver’s spinal model. Journal of manipulative and 
physiological therapeutics, 2000; 23(1)

Helander, MG, Little SE, Drury CG. “Adaptation and sensitivity 
to postural change in sitting”. Human Factors,2000;. Volume 42, Issue 4

Le P, Rose J, Knapik G, Marras WS. Objective classification of 
vehicle seat discomfort. Ergonomics, 2014; 57(4): 536-544.

Lengsfeld M, König IR, Schmelter J, Ziegler A. Passive rotary 
dynamic sitting at the workplace by office-workers with lumbar pain: a 
randomized multicenter study. The Spine Journal, 2007; 7(5), 531-540.

Lueder R. Ergonomics of Seated Movement. A Review of The 
Scientific Literature. 2004. Report of Humanics ErgoSystems Inc

Van Deursen DL, Snijders CJ, Van Dieen JH, Kingma I, Van 
Deursen LLJM. “The effect of passive vertebral rotation on pressure in 
the nucleus pulposus”. Journal of Biomechanics, 2001; Volume 34

Van Deursen DL, Goossens RHM, Evers JJM, Van der Helm 
FCT, Van Deursen LLJM.  Length of the spine while sitting on a new 
concept for an office chair. Applied Ergonomics, 2000; 31(1), 95-98.

Vergara M, Page Á.  Relationship between comfort and back 
posture and mobility in sitting-posture. Applied Ergonomics 2002; 33(1): 
1-8.

Wittig T. Ergonomische Untersuchung alternativer Büro- 
und Bildschirmarbeitsplatzkonzepte. 1. Auflage. Wirtschaftsverlag 
NW Verlag für neue Wissenschaft GmbH, Bremerhaven, 2000. 
(Schriftenreihe der Bundesanstalt für Arbeitsschutz und Arbeitsmedizin: 
Forschungsbericht, Fb 878).

Zenk R. Objektivierung des Sitzkomforts und seine 
automatische Anpassung, 2008. Diss. TU München.



103

 



104

This chapter is submitted for publication in the journal Ergonomics in Design.



105

 

Abstract.

Physical fatigue when driving is related to static sitting, and this 
decreases well-being. The present study aims to investigate 
the influence of moving the vehicle occupant’s body 
passively. This posture variation is realized by continuously 
varying the seat configuration, i.e. the seat pan and backrest 
inclination. For the experiment, 21 participants sat twice on 
the same seat for 45 minutes: Once in a static and once in 
a dynamic configuration. The measurements obtained were 
the observation of body movements and questionnaires 
on perceived discomfort, seating comfort and experiential 
feelings. The results show that participants move significantly 
more in the static configuration and that they perceive more 
discomfort. The seat’s comfort and support are evaluated 
significantly better in the dynamic configuration. The dynamic 
configuration results in participants feeling significantly more 
active, energetic, stimulated, pleasantly surprised, pleased, 
comfortable, accepting and calm. The static configuration 
results in the participants feeling significantly more bored. 
Further research should investigate the effects in the context 
of driving on the road and an actual driving task. However, it 

A VEHICLE SEAT THAT 
IMPOSES BODY 
POSTURE VARIATION: 
INVESTIGATING 
EFFECTS ON 
WELL-BEING. 
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can be concluded that the continuous movements of the seat 
have a beneficial effect on objective and subjective indicators 
of well-being. 

 
Keywords: Car passenger, discomfort, comfort, micro-

movements, experiential feelings 

Introduction.

Travelling by car usually involves being in a seated position 
over a substantial amount of time. This static sitting is known 
to cause physical fatigue (Grujicic et al., 2010) and restricted 
postures also lead to a higher risk of musculoskeletal 
complaints (Gallagher, 2005). It is generally encouraged to 
periodically engage in non-sedentary activities (Beach et al., 
2005), since remaining seated causes discomfort over time. 
However, this is not possible when traveling by car since 
both the vehicle interior and the driving task restrain posture 
(Kamp et al., 2011) and thus it would result into abandoning 
the driving task and interrupting the journey.

Previous research on comfort in office work has 
suggested that allowing for body movement is beneficial when 
the task does not allow for non-sedentary activities (Ellegast 
et al., 2012; Fujimaki and Noro, 2005; Graf et al., 1995; 
Groenesteijn et al., 2012; Lueder, 2004; Mahksous et al., 
2008; Vink and Hallbeck, 2012; Van Deursen et al. Wittig, 
2000). For instance, it seems necessary to enable frequent 
change between body postures provided that they are healthy 
and stable in order to improve seating comfort (Lueder, 2004). 
Graf et al. (1995) also supported that natural movements 
(within an acceptable range) are desirable in workplaces. 
Furthermore, Fujimaki and Noro (2005) showed in their 
research that during prolonged sitting natural movements 
occur in order to decrease discomfort. In their comfort model, 
Vink and Hallbeck (2012) also identify body posture change 
as an enabler for comfort. Office chairs offering dynamic 
sitting have been developed according to this knowledge. 



107

 

These chairs are provided with certain swinging mechanisms 
for example, and these systems allow for a greater variation 
in the inclination angles of the seat (Ellegast et al., 2012). 
Research shows positive effects of these kinds of chairs on 
muscle activity (Wittig, 2000). Groenesteijn et al. (2012) also 
found that such a swing-system chair is related to positive 
comfort evaluations in the context of posture-restricting 
computer tasks. Moreover, an office chair with an unstable 
seat pan resulted in significant lower heart rate as well as the 
maintenance of oxygen levels in the tissues surrounding the 
ischial tuberosities (Mahksous et al., 2008). Van Deursen et 
al. (2000) also found that passive rotation in an office chair 
results in significantly more spinal length compared to no 
passive micro-movements for the same office tasks. Hence, 
posture variation can be considered beneficial to provide 
comfort during prolonged sitting.

Here, the concept in the present research is to 
enable well-supported postural change when travelling in 
a car by varying the seating angles. By alternating the seat 
configuration, different postures can be offered rather than 
solely providing micro-movements locally. Hypothetically, 
this could counter physical fatigue or discomfort, since it 
should result into variation in pressure distribution and 
muscle activity. Recurring posture variation could not only 
decrease discomfort from prolonged sitting, but could 
also result in more perceived comfort for car drivers since 
pleasant stimulation of tactile sensation is related to comfort 
(Vink and Hallbeck, 2012). For car seats, the possibilities 
to vary posture are limited: Fast moving or instable systems 
could be dangerous during driving, the space in the vehicle 
interior is limited, and the driving task restricts the size and 
the direction of body movement. Therefore, this postural 
change cannot be achieved with swinging mechanisms as used 
in office chairs because of safety concerns. For this reason, 
the vehicle occupant’s body is moved passively by varying the 
seat configuration electrically in this study. 

A vehicle seat that imposes body posture variation: investigating effects 
on well-being
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A l t h o u g h 
several studies 
examined the 
relation between 
bodily movements 
and discomfort, 
there seems to be 
no consensus on the 
frequency and range 
of movement that 

should be offered (Callaghan and McGill, 2001; Vergara and 
Page, 2002). For instance, Vergara and Page (2002) defined 
macro-movement as a distinctive change of posture every 
5 to 6 minutes. On the other hand, Callaghan and McGill 
(2001) state that dynamic sitting consists of at least 3 posture 
variations in 2 hours. Therefore, prior experiments (Van Veen 
and Vink, 2015) have been carried out in order to determine 
which succeeding steps of the seat movement the body can 
sense and what seat movements do not affect the driving task. 
From these experiments a range of motion and step size was 
derived as shown in figure 1. This range of motion allows for 
the backrest to move 1,5° backwards, and for the seat pan to 
move 1° upwards and 1° downwards. The present research’ 
objective is to evaluate if passive posture variation with those 
parameters in a car seat leads to more well-being. Therefore, 
this study aims to answer the following research questions:

- Does passive posture variation have a positive 
influence on perceived seating comfort?
- Does passive posture variation lead to less perceived 
discomfort?
- Does passive posture variation lead to less body 
movements?
- How is passive posture variation experienced?

1

The range of motion 

and stepsize of the seat 

movements.
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Method.

In order to answer the research questions a laboratory study 
was carried out with 21 participants (8 female, 13 male; 
height 161-196 cm (mean =176.8, std.dev.= 8.8 cm), aged 
25 to 57 (mean =35, std.dev.= 9.65)). The seat used for the 
experiment was a high-end model with leather upholstery 
which can be adjusted electronically. Each participant would 
come in twice on separate days to evaluate the seat once with 
the periodic movement (dynamic) and once with the seat in 
static configuration. The order was systematically varied and 
both sessions were scheduled on the same time of day. On 
average there were 5 days between the two experiments. Fig. 
2 shows the research set-up. In front of the participants, a 
television was installed showing a video of the view through 
the front window during a continuous highway drive with 
moderate traffic density. 

Prior to each experiment, participants filled out 
the informed consent, personal information and the 
questionnaires on discomfort and experiential feelings. 
Subsequently, the participants were instructed to sit in the 
seat, with their back fully against the backrest and the feet on 
the footrest. At this point, the seat configuration was exactly 
the same for all participants (backrest angle of 25°, seat pan 

2

The experimental set-up.

A vehicle seat that imposes body posture variation: investigating effects 
on well-being
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angle of 10°). They were then allowed to adjust the backrest 
inclination. The backrest inclination was freely chosen by 
the participant for both sessions. Next, the subjects would sit 
for 45 minutes. Afterwards, the participants were asked to 
fill out the questionnaires on discomfort, experiential feelings 
and seating comfort, and they were interviewed to retrieve 
additional remarks. Here, they were asked to describe 
their experience freely in their own words and to assess the 
movements of the seat in terms of size and frequency.

Seat movement system.
During the session with the periodic movement, the 

seat’s first movement started after five minutes of sitting 
and then the movements would be continuously repeated 
throughout the remaining 40 minutes of the session. It was 
chosen to not have the seat move in the first 5 minutes 
based on the preliminary test, which showed that it would be 
annoying for participants when the seat movements started 
immediately. First, the backrest moved backwards for 1,5° 
and then back to starting position. Secondly, the seat pan 
moved up 1°, and then it moved back to starting position, 
next it moved down 1° following by movement returning 
to starting position. The pause experienced between two 
subsequent movements was 5 s. The duration of each 
movement varied a little depending on for instance occupant 
weight as explained hereafter, but on average the perceived 
duration of a movement was 7 seconds.

The seat movements are controlled with a system (fig. 
3) based on time and position values. The difference between 
the current position and the time left to finish the movement 
is used to generate the PWM (pulse-width modulation)-

3

The control system for the 

seat movements.
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signal for the motor. The 8-bit PWM-signal allows the seat 
pan and backrest to move much slower than usual and this 
also creates a soft start and stop for each movement. The 
frequency of the signal was set on 31250 Hz (ultrasound 
frequency) so that there would be no acoustic or vibration 
disturbance. The pulse width is stored in a look-up table in 
order to compensate for the influence of the motor and seat 
characteristics. The occupant behavior and characteristics 
(e.g. weight, or pushing against the seat) are considered to 
be an unpredictable noise in the system which can influence 
the duration of a movement. However, the control system 

A vehicle seat that imposes body posture variation: investigating effects 
on well-being

Nr. Head Arms Legs

1 Against headrest Next to trunk and legs On footrest

2 Upright On lap Crossed

3 Tilted sideward Crossed Wide

4 Behind head Pulled up

Table 1

Posture denotations.
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makes sure that the actual range-of-motion is the same for all 
participants regardless their weight. 

Observations.

Since body movements are an indication of discomfort 
(Callaghan and McGill, 2001; Fujimaki and Noro, 2005; Telfer 
et al., 2009), recordings were made of postural changes by 
observation. In order to determine the participant’s posture, 
a rapid coding technique was used as applied by for instance 
Kamp et al. (2011) or Branton and Grayon (1967). Due to 
the restriction of the trunk by the seat, only the position of the 
head, arms and legs were observed. The denotation of body 
postures is shown in table 1. This denotation was determined 
before the study, but extended where necessary during the 
experiment. This resulted into adding position 4 of the arms 
and the legs. For analysis, the number of positions for each 
body part was counted and the sum of positions calculated. 
Since the data were not normally distributed, a Wilcoxon 
signed-rank test using SPSS 20 was executed to determine 
significant differences in posture variation between the two 
configurations (α=0.05).

Questionnaires.

The questionnaires were used to evaluate seating comfort, 
perceived discomfort and experiential feelings for both 
conditions. There are several questionnaires for recording 
seating comfort  (see for instance Helander and Zhang, 
1997; Kolich, 1999). For this experiment, a selection of the 
questions applied by Groenesteijn et al. (2012) in a study on 
dynamic office chairs was used, because it evaluates several 
constructs of seating comfort separately. The participants 
were requested to reply to the following statements on seat 
comfort, mobility, support and acceptance in a systematically 
varied order using 9-point Likert scales:
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1. How much would you like to have this seat?
2. How do you assess the comfort of this seat?
3. How do you evaluate the overall comfort of the  

 backrest?
4. How do you evaluate the overall comfort of the seat  

 pan?
5. Does this seat assist your physical well-being?
6. How do you like the mobility of the seat pan?
7. How do you like the mobility of the backrest?
8. How do you like the overall mobility of the seat?
9. How do you like the support of the seat pan?
10. How do you like the support of the backrest?
11. How do you like the overall support of the seat?

For statistical analysis, a Wilcoxon signed-rank test using SPSS 
20 was used to evaluate differences in seating between the 
two configurations (α=0.05) since the data was not normally 
distributed.

For the evaluation of perceived discomfort, a variation 
on the LPD-questionnare by Van Grinten (1992) was 
used. This method was adjusted because participants had 
difficulties filling out the LPD-questionnaire correctly during 

A vehicle seat that imposes body posture variation: investigating effects on well-
being
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previous experiments (Van Veen et al., 2014). Instead of 
the entire body map, parts of the body map concerning the 
neck region, upper back, lower back and buttocks with upper 
legs were shown. These were accompanied by 10-point 
Likert-scales on discomfort (see fig. 4). Prior to filling out 
the questionnaire, the researcher explained that discomfort 
means the perception of numbness, stiffness, and feelings of 
pain or unpleasant pressure (Zenk, 2008). Participants were 
requested to fill out the questionnaire before and after sitting 
in the seat. The level of discomfort before and after sitting 
for 45 minutes was compared for both configuration with 
a Wilcoxon signed-rank test in SPSS 20 (α=0.05) since the 
data were not normally distributed. For further analysis, the 
difference in discomfort prior to and after the experiment 
was calculated. These values of both configuration were 
compared using a Wilcoxon signed-rank test in SPSS 20 
(α=0.05).

According to James (1984), a sensation of a stimulus 
– in this case the movement of the seat - consists of a 
physiological response and a perceptual or experiential 
component. Therefore experiential feelings are also evaluated 
in this study. In general the perception of emotions has two 
dimensions: pleasantness and arousal (Russel, 1980). In this 
study experiential feelings are evaluated, since products elicit 
combinations of emotions that are low in intensity (Desmet 
and Hekkert, 2000). For this purpose, constructs from various 
questionnaires evaluating experiential feelings (Jaeger et al., 
2013; King and Meiselman, 2010; Plutchik, 1991; Pocherot 
et al., 2010) were selected on relevance for this study. The 
constructs evaluated were 1) active - calm, 2) energetic - tired, 
3) stimulated - bored, 4) pleasantly surprised – annoyed, 5) 
pleased – unpleased , 6) comfortable – discomfort, 7) relaxed 
– nervous, and 8) accepting – rejecting. 

The constructs 1-4, 6 an 7 were rated prior to and after 
sitting. The other statements were only rated after sitting for 45 
minutes since they are rather specific to product experience 
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(for instance being rejecting either the seat movement or 
being forced to sit in one position over time). A survey of 16 
questions (see fig. 5) with 9-point Likert scales was developed 
using this selection of keywords to assess how participants 
experience the movement of the seat. For the constructs that 
were rated twice, the difference in value was calculated. Those 
values and the absolute values for the other constructs’ were 
compared between the two configurations with a Wilcoxon 
signed-rank test using SPSS 20 (α=0.05) since the data was 
not normally distributed.

Results and discussion.

Observations.

The measurement of body movements has been used as an 
objective indication of discomfort, similarly to the research 
of Telfer et al. (2009). Table 2 shows the total number of 
body postures observed during the experiments, as well as 
the number of positions of the head, arms and legs for both 
the static and the dynamic seat configuration. On average, 
15 postures were observed for the static seat compared to 7 
postures for the dynamic seat. These results show significant 
more body movement in the static seat for all body sections. 
This indicates that over time the human body could reject the 
position in which it is forced by the seat or that the resulting 
pressure distribution could grow uncomfortable. Therefore, 
the body posture is repeatedly adjusted. 

However, the urge to adjust the position of the head, 
arms, or legs is lower when the seat executes continuous 

A vehicle seat that imposes body posture variation: investigating effects 
on well-being

Static configuration Dynamic configuration p

Mean SD Mean SD

Head 4.60 4.73 1.85 1.18 0.001

Arms 5.60 5.40 2.15 2.74 0.006

Legs 5.40 3.03 3.05 2.24 0.008

Sum 15.60 10.53 7.05 5.36 0.000

Table 2

The total number of 

recorded body postures 

over 45 min . of sitting 

during both configurations 

and the results of 

statistical analysis. 
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movements in the seat pan and backrest. A possible 
explanation is that alternating the pressure distribution and 
body posture results in less experienced strain. Present 
literature seems to support this interpretation. For instance, a 
study carried out by Callaghan and McGill (2001) evaluating 
dynamic posture strategies in office work showed that people 
who continuously vary their body posture appear to relieve 
their passive tissues. Moreover, Vergara and Page (2002) 
concluded that frequent change of body posture indicated 
discomfort. Fujimaki and Noro (2005) also observed that 
body movements start to occur when discomfort reaches a 
certain level during 60 minutes of sitting. 

Seating comfort. 
Figure 5 shows the responses to the seating comfort 
questionnaire. The dynamic configuration is evaluated 
significantly better for all the questions (see fig. 5). The same 
car seat is evaluated significantly more comfortable (overall 
p=0.015, seat pan p=0.010, backrest p=0.002). During the 
interview, participants indicated that they perceived the 
movements as pleasant and appreciated the sensation it gave. 
The support of the car seat was also rated better with the 
continuous movements (overall p=0.006, seat pan p=0.041, 
backrest p=0.005), although the same seat was used with the 
same shape and foam properties. Perhaps the overall more 

5

Average evaluation of 

seating comfort with 

standard deviations 

for the static (brown) 

and dynamic (blue) 

configuration of 21 

participants on a 

9-point Likert scale. All 

differences are significant. 
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comfortable experience leads to a better evaluation of product 
features that are not manipulated. Such a halo effect has also 
been reported by McMullin (2013), who found that the same 
seat was evaluated as being more comfortable depending on 
the overall aircraft interior design. However, it is also possible 
that participants – who are laymen in comfort theories - do 
not clearly distinguish between support and comfort when 
rating the seat. The mobility awareness was also assessed 
more positively for the dynamic seat (overall p=0.002, seat 
pan p= 0.005, backrest p=0.017). 

In hindsight, it is probably not purposeful to compare 
the two configurations on this construct of the questionnaire 
since the difference in seat mobility was so large. Some 
participants also struggled with these questions for the static 
configuration if they had experienced the dynamic one 
first. However, it can be concluded that movements of the 
seat principally are experienced rather positively regarding 
comfort.

Discomfort.

When comparing the level of discomfort before and after 
sitting for 45 minutes for the static configuration, significantly 
more discomfort is found afterwards in the neck (p=0.021), 
the lower back (p=0.023) and the buttocks (p=0.042). For the 
dynamic configuration, no difference is found in discomfort 
prior to and after sitting (neck: p=0.282, upper back p=0.105, 
lower back: p=0.589, buttocks: p=0.319). Table 3 shows the 

Static configuration Dynamic configuration p

Mean SD Mean SD

Sum 3.24 4.75 1.10 2.79 0.030

Neck 0.90 1.87 0.38 1.56 0.178

Upper back 0.62 1.53 0.52 1.40 0.842

Lower back 1.05 1.83 -0.14 1.01 0.018

Buttocks 0.67 1.39 0.33 1.39 0.144

Table 3

The difference in 

perceived discomfort 

before and after sitting 

for 45 min. for both 

configurations and the 

results of statistical 

analysis.
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difference in perceived discomfort before and after the 45 
minutes of sitting. The sum of discomfort is significantly lower 
after experiencing the dynamic configuration compared to 
the static situation (p= 0.030). These results are in accordance 
with the observations on posture variations: less body 
movement and less self-reported perceived discomfort both 
indicate reduced physical strain from sitting when continuous 
seat movements are applied. 

When considering the body regions separately, there 
is no significant difference between both seat configurations 
for the neck (p=0,178), upper back (p=0,842) and buttocks 
(p=0,144). This indicates that either the difference is caused 
by just the lower back, or that the main region of discomfort 
differs among participants. The difference in discomfort for 
the lower back is not only significant (p=0,018), but on average 
discomfort in the lower back for the dynamic configuration is 
less than before the experiment. Thus, the movements seem 
to have a particular beneficial effect locally in the lower back. 
This could indicate similar effects as local massage systems 
reported by King and Van Dieën (2009) and Van Deursen 
et al. (2001) since several participants also indicated that they 
experienced the seat movements as some kind of massage 
(see section 3.5). However, further research is necessary 
to verify the effects when actually driving and to investigate 
any long term effects as will be discussed in the limitations 
section (3.6). It must also be noted that although significant 
differences are found the absolute levels of discomfort are 
very small. However, this is not unusual for the average 
interaction with a seating environment. For instance, Vink et 
al. (2009) also found low levels of discomfort but significant 
differences when investigating the possibility for postural 
variation in office work. 

Experiential feelings.

Figure 6 shows the response to the experience questionnaire 
for both configurations visualized in the circumplex 
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of arousal and valence of Russel (1980). The dynamic 
configuration results in participants feeling significantly 
more active (p=0.047), energetic (p=0.020), stimulated 
(p=0.001), pleasantly surprised (p=0.001), pleased (p=0.001), 
comfortable (p=0.003), accepting (p=0.009) and calm 
(p=0.016). However, participants felt significantly less active 
after sitting compared to before the experiment for both the 
static (p=0.000) and the dynamic (p=0.013) configuration. On 
the other hand, participants felt significantly less energetic 
after sitting in the static configuration (p=0.001) but not for 
the dynamic configuration (p=0.245). 

Furthermore, it cannot be said that participants feel 
very active or very calm although they feel more active 
(p=0.047) and calm (p=0.016) in the dynamic seat compared 
to the static configuration. After sitting, participants feel not 
significantly more or less calm or relaxed for both either 
the static (pcalm=0.174, prelaxed=0.242) or the dynamic 
(pcalm=0.244, prelaxed=0.212) configuration. They do 
feel significantly more tired after sitting in the seat statically 
(p=0.001), but not after sitting dynamically (p=0.278). 
Participants also feel significantly less stimulated after sitting 
in the static configuration (p=0.001), but significantly more 
stimulated after the dynamic configuration (p=0.013). 
However, they are significantly more bored after experiencing 

A vehicle seat that imposes body posture variation: investigating effects 
on well-being
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The results on the 

experiential feelings 

questionnaire. The 

difference in rating prior to 

and after the experiment 

is shown for the keywords 

active, calm, energetic, 

tired, stimulated, bored, 

annoyed, comfortable, 

discomfort, relaxed 

and nervous. For the 

other keywords, the 

mean rating after the 

experiment is shown.
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both the static (p=0.000) and the dynamic (p=0.004) 
configuration. Moreover, they feel significantly less nervous 
after sitting in the seat both statically (p=0.028) as well as 
dynamically (p=0.007).  

After sitting in the static configuration, participants feel 
marginally more tired (p=0.050), significantly more bored 
(p=0.035) and experience significantly more discomfort 
(p=0,008) compared to the dynamic configuration. The latter 
corresponds to the self-evaluation of discomfort and the 
assessment of seating comfort. Since previous studies have 
found a relationship between movements and fatigue, the 
fact that people feel more tired and bored could also explain 
the increase in body movements for the static configuration. 
Rogé et al. (2001), for instance, found that subsidiary body 
movements increase when vigilance decreases during 
simulated driving. Takanashi et al. (2010) also found that 
small, repeating movements are related to objective measures 
of fatigue. 

Overall, it can be stated that the static configuration 
is accompanied with more negative valence and feelings of 
deactivation when looking at the circumplex. The dynamic 
configuration shows more positive valence, but it cannot be 
concluded that participants are aroused although they feel 
relatively more activated, energetic and stimulated. This is 
also supported by the fact that the increase in boredom is 
significant for both configurations. For the design of office 
chairs, De Looze et al. (2003) stressed the importance of 
evoking feelings that are wanted by the user and Kamp (2012) 
found that users desire feelings of positive valence and a little 
arousal for car seats. This is mostly the case for the dynamic 
configuration, although feelings of positive valence and a little 
deactivation are also experienced. 

Interview.

The remarks of the participants during the interview at the end 
of the experiments mostly confirm the results of observations 



121

 

and questionnaires. For instance, fifteen participants described 
the movements of the seat as very pleasant. Furthermore, five 
participants stated that they felt less tired with movement or 
more tired in the static configuration. This corresponds to 
the results of the questionnaire on experiential feelings. Five 
participants also noted that they felt that they moved more or 
had more desire to move in the static configuration, which 
was also observed during the experiment. Moreover, five 
participants described that they perceived more backache in 
the static configuration. This is similar to the results of the 
discomfort questionnaire.

Via the interview, additional information on how the 
seat movements are experienced is also obtained. Seven 
participants described the frequency of the movements as just 
right. Of those who started with the dynamic configuration, 
two participants expressed that they were disappointed when 
the seat did not move. Four participants described the seat 
movement as a different kind of massage experience. One 
participant experienced a better thermal comfort of the 
seat. However, rattling or vibration in the mechanics of the 
backrest was a recurring problem. This was mentioned by 
seven participants and resulted in an unpleasant sensation.

The impressions from the interviews, however, 
also show how the same functionality can be experienced 
differently by various individuals. For instance, one participant 
expressed the need to adjust the posture more due to the seat 
movements and another experienced feelings of pain in the 
neck region when the seat was moving. One participant also 
experienced a better thermal comfort of the seat. On several 
occasions either the movement of the backrest was perceived 
to prominent (4 times) or there was too much movement in 
the seat pan (2 times). Moreover, one participant noted that 
the seat movements are not appropriate for the driver seat 
and another felt that the seat was taking care of him.

A vehicle seat that imposes body posture variation: investigating effects 
on well-being
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General limitations and recommendations.

The present study aims to investigate if passive posture 
variation has a positive influence on perceived seating 
comfort, if it leads to less perceived discomfort, if it leads to 
less body movements, and how it is experienced. The results 
show that the same seat is evaluated as more comfortable, 
that less perceived discomfort is reported (particularly in 
the lower back region), and that less body movements are 
observed for the dynamic configuration. Moreover, the seat 
movements are related to pleasant experiential feelings. 

However, a limitation of the study is that it was carried 
out in a laboratory and not under real driving conditions. This 
could lead to differences in the evaluation of the system. For 
instance, Philip et al. (2005) investigated sleepiness in real 
driving and simulated driving. Although they found similar 
results in both experiments, but self-reported measures 
seemed more affected by the simulated task. In this particular 
case, it is also of interest to learn how vibrations affect the 
experience of the system. For example, it could be possible 
that the seat movements become less noticeable by the 
dynamics of driving depending on traffic and road conditions. 
The objective of the present study was to evaluate comfort 
without disturbances of dynamics or the driving task. 

Further research should also investigate how the 
system is perceived in the context of a driving task: e.g. do 
the movements interfere with for instance steering; do people 
feel confident using the seat movement system? Moreover, 
the results on experiential feelings might differ for the actual 
use case. When the motivations of the user are different (a 
reason to drive somewhere vs. just participating in a user 
test), for instance, the level of arousal could vary from those 
reported here. Furthermore, feelings might differ in valence 
if the user is expecting the seat to move. The present study 
already showed that some participants that started with the 
dynamic configuration are disappointed if the seat does not 
move the second time.
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The observations on posture variation provide an 
objective measurement on discomfort, and are supported 
by the self-evaluation on discomfort and seating comfort. 
However, Carcone and Keir (2007) found that conditions 
that are rated highest in terms of comfort by participants 
are not necessarily biomechanically ideal. Therefore, 
evaluation with measurements on muscle activity (EMG) or 
oxygenation (near-infrared spectroscopy) could investigate 
any biomechanical effects of the moving seat. Moreover, 
the backrest inclination should be exactly the same and not 
chosen freely by the participants for both conditions in order 
to guarantee comparable results for such studies. Further 
research should also investigate long-term seating over several 
hours. This way, the beneficial effect on the lower back could 
also be investigated further.

Conclusion.

The present study aims to evaluate if moving the vehicle 
occupant’s body passively leads to more well-being. It can be 
concluded that continuous variation of the seat configuration 
has a beneficial physical effect. This is supported by both 
objective and subjective indications for decreased discomfort, 
i.e. the observations of body movements and self-reported 
perceived discomfort. Moreover, the seat’s properties are 
rated better in terms of comfort and support. Thus the 
system provides well-supported postural change. Finally, 
the data show that participants also perceive more positive 
experiential feelings and no deactivation during the dynamic 
configuration compared to the static configuration. The 
dynamic configuration is perceived a pleasant and stimulating. 
On the other hand, the static configuration is perceived as 
boring and tiresome. Regarding its limitations, the study shows 
that this topic is interesting for further research. Namely, this 
should investigate the effects in the context of driving on the 
road and an actual driving task.

A vehicle seat that imposes body posture variation: investigating effects 
on well-being
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Abstract.

Most research on product comfort focuses exclusively 
on the use of the evaluated product (i.e. Kyung et al. (2008), 
Hari and Dolsak (2013)). This study sets out to investigate 
the influence of a sitting pre-condition on the ratings for first 
impression of comfort, short-term comfort, and discomfort 
of a product. The aim is to assess if and how experienced 
sensations prior to product use affect product evaluation. 
Therefore, a vehicle seat was evaluated with two different 
pre-conditions in a within-subject design. Finally, the comfort 
model of Vink and Hallbeck (2012) is extended according to 
the findings of this study.

Keywords: pre-condition, comfort model, discomfort,  
sitting comfort, tactility.
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Introduction

Exposure to loud music, for instance at concerts, shifts the 
hearing threshold (Opperman et al., 2006): the level below 
which a human is no longer able to detect sound. When 
leaving a room with a temperature of 24° for a room with a 
temperature of 20°, this room is experienced as cool (Tham 
and Willem, 2010), while slow changes of 0.6 degrees/hour 
are not noticed the first 3-4 hours (Kolarik et al.;2007). These 
examples show that the human body is capable of experiencing 
differences rather than absolute units or slow changing 
quantities. Therefore, it is possible that one experience could 
influence the rating of the next experience, and this influence 
could also change the way products are evaluated. 

There is knowledge on the factors influencing comfort, 
but there is little evidence that factors from a prior condition 
influence product evaluation. This study sets out to investigate 
if differences in the pre-condition affect the comfort ratings 
of a product. These effects can not only make designers of 
products and environments aware of how the evaluation of 
their products is influenced, but they could also consciously 
use knowledge on these effects to manipulate the user 
experience of products. 

Currently, there is an extensive body of work in 
ergonomics evaluating the comfort of products. However, 
recently the interest of ergonomists and designers has widened 
into user experience also considering the context in which 
the product is used, rather than focusing on the usability or 
comfort of the actual product. In this light, it is of interest 
to not only evaluate the product itself but also to include 
its context and how that influences the user’s evaluation. 
There are no studies regarding effects of the influence of a 
comfortable or uncomfortable pre-condition on the evaluation 
of comfort of physical products that the authors are aware 
of (based on a literature review carried out in March 2014 
on www.sciencedirect.com using the keywords “comfort”OR 
“discomfort” AND “prior condition”OR “prior activity” OR 
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“pre-condition”):  the body of work is concerned with thermal 
comfort mostly. Research has shown that sensory dominance 
shifts over time in product use: at the time of purchase, vision 
is dominant, and during use touch and audition become 
equally important, followed by scent and taste (Fenko et al., 
2010). This does not explain, however, if and how previous 
sensations influence product evaluation.

Several models describing comfort exist. De Looze 
et al. (2003), for instance, propose a theoretical model 
of comfort and discomfort. They, as others (e.g. Zhang et 
al., 1996) distinguish between comfort and discomfort 
as two different entities rather than extremes of one scale. 
Discomfort is related to physical feelings of pain, soreness 
and so on. Comfort is established by feelings of relaxation and 
well-being. The authors propose that comfort and discomfort 
are influenced by factors on three different levels: i) human, 
ii) seat and iii) context. Most of these factors consist of entities 
occurring during product use, such as the physical capacity of 
the person, the features of the seat and the task carried out in 
the seat. Our interest, however, lies in discovering the effects 
of previous sensory experiences on product evaluation. 

According to Vink (2009), it is not enough to remove 
discomfort in order to experience comfort: the user’s 
expectations need to be exceeded and this can be done by 
providing an experience people are not yet accustomed to. 
This theory also demonstrates that experiencing comfort is 
related to differences and not to absolute values of products. 
Bazley et al. (2012) found that comfort in offices is mainly 
influenced by the people in the office, time-of-day and 
expectations prior to going to work. Hence, the results of that 
study further indicate that the same physical environment or 
product is evaluated differently due to variables that are not 
related to the product itself. 

Recently, Vink and Hallbeck (2012) proposed a new 
comfort model. This model describes how the interaction 
between user and product results in internal human body 
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effects (tactile sensations, posture, and muscle activation). 
These body effects, along with the human’s expectations, 
influence the perceived effects. The perceived effects are 
interpreted by the human as “comfortable”, “you feel 
nothing”, or “discomfort”, and it is possible to experience 
discomfort and comfort simultaneously. However, this 
model also does not involve any influences of experienced 
sensations, comfort or discomfort prior to product use, but 
only expectations prior to use. 

Therefore, a study was designed to learn the effects 
of different pre-conditions on first impression of product 
comfort, short-term comfort and discomfort. The hypothesis 
is that sensing comfort is influenced by previous settings, i.e. 
an assumed uncomfortable versus comfortable pre-condition, 
as is the case with temperature and sound.

Methods

In order to assess the influence of different pre-conditions on 
evaluation of comfort and discomfort, 25 participants took 
part in the study (students, ages: mean= 21.5, std.dev.= 2.45, 
height: mean=1.78, std.dev.= 0.09 m., weight: mean= 74, std.
dev.= 16.8 kg). All participated twice on separate days on the 
same time-of-day as there are indications that experienced 
comfort changes during the day (Bazley et al., 2014). During 
each session they would sit on two chairs for 10 minutes each. 
The participants were told that the objective was to evaluate the 
second (a car seat) for comfort and that the purpose of sitting 
on the first chair was to get accustomed to the environment 
and to neutralize from previous activities. The second seat 
was covered with a sheet, since vision dominates other senses 
during the first impression of a product (Fenko et al., 2010). 
Furthermore, they were told that they would evaluate two 
slightly different car seats in the separate sessions (when in 
reality the seat was the same) and that the goal of the study 
was to determine which car seat is the best regarding comfort. 
The researchers changed the first chair between the two 
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sessions: it was either a soft 
armchair or a wooden stool. 
The order was systematically 
changed.

The protocol of the 
study was as follows. The first 
time a participant would come 
in, they were requested to 
provide personal information 
(age, height, and weight), their 
expectations of the research 
and how they came to the 
lab. They were also asked to 

indicate if they had any discomfort (1=very little discomfort, 
10=extreme pain) on a body map (fig. 1). This body map is 
an adjusted form of the one described by Grinten & Schmitt 
(1992). Next, the participants would sit on the stool or the 
armchair for 10 min. (pre-condition) and afterwards indicate 
discomfort again on the body map. 

Subsequently, the participants were asked to sit down 
in the car seat which was covered under a sheet. After sitting in 
the car seat for 30 s., comfort was evaluated (first impression) 
with two comfort attributes (“I like the chair” and “I feel 
comfortable”) defined by Helander and Zhang (1997) using 
a 9-point Likert-scale. After sitting in the car seat for a total 
of 10 minutes, discomfort was again indicated on the body 
map and the seat was evaluated on five comfort attributes 
(Helander and Zhang, 1997) in order to evaluate short-term 
comfort: “I feel relaxed”, “I feel fit”, “The chair feels soft”, “I 
like the chair”, and “I feel comfortable”. 

This protocol was then repeated during the second 
session, with the only difference that the first chair would be 
changed. The participants, however, were made to believe 
that they were evaluating another car seat.

Since the data were not normally distributed, a 
Wilcoxon Signed Ranks Test was used to indicate significant 

1
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discomfort) to 10 

(maximum discomfort, 

extreme pain). 
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differences in first impression of comfort, short-term comfort 
and discomfort of the car seat between the two pre-conditions.

Results

First impression of product comfort

When evaluating the car seat after 30 seconds (see table 1), 
“I like the chair” is rated with a mean of 7.25 (std.dev.= 0.94) 
on a scale 0-9 with the pre-condition “stool”. The rating term 
“I feel comfortable” results in a mean of 7.46 (std.dev.=1.02) 
with the pre-condition “stool”. With the pre-condition 
“armchair”, the term “I like the chair” is rated with a mean 
of 7.13 (std.dev.=1.23) after 30 seconds. On a scale 1-9, the 
attribute “I feel comfortable” is rated with a mean of 6.76 (std.
dev.= 1.92). Thus, the car seat is evaluated slightly better on 
the first impression of comfort with the pre-condition “stool”. 
However, this difference is not significant for the attribute “I 
like the chair” (p=0.688) or the attribute “I feel comfortable” 
(p=0.155). 

Short-term comfort

After sitting in the car seat for 10 minutes (see table 2), “I 
feel relaxed” is rated with a mean of 7.42 (std.dev.=1.38) for 
the pre-condition “stool” and with 7.12 (std.dev.=1.36) for 
the pre-condition “armchair”. The rating term “I feel fit” is 
evaluated with a mean of 6.75 (std.dev.=1.939) for the pre-
condition “stool” and a mean of 6.54 (std.dev.=1.74) for the 
“pre-condition” armchair. “The chair feels soft” is marked 
with a mean of 6.75 (std.dev.= 1.94) for the pre-condition 
“stool” and a mean of 4.96 (std.dev.=2.46) for the pre-
condition “armchair”. The rating term “I like the chair” is 
evaluated as 6.76 (std.dev.=1.72) for the pre-condition “stool” 

Pre-condition 
“Stool”

Pre-condition 
“Armchair”

p

“I like the chair” 7,25 7,13 0,688

“I feel comfortable” 7,46 6,76 0,155

Table 1

First impression ratings 

of comfort for the car seat 

in both conditions, and 

the results of statistical 

comparison.
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and 6.46 (std.dev.=1.96) for the pre-condition “armchair”. 
Finally, “I feel comfortable” is rated with a mean of 6.87 (std.
dev.=1.85) for the pre-condition “stool” and for pre-condition 
“armchair” with 6.33 (std.dev.=1.99). 

Although the car seat is evaluated slightly better for the 
pre-condition “stool” on all rating terms, this difference was 
only significant for the rating term “the chair feels soft” (p = 
0.012). Thus, after 10 minutes of sitting the pre-condition still 
seems to have effect on the experienced softness.

Discomfort

Although the participants report less discomfort in the 
armchair compared to sitting on the stool (average discomfort 
sum of 3.58 in the armchair compared to 4.67 on the stool), this 
difference is not significant (p=0.154). The sum of discomfort 
after sitting in the car seat for 10 minutes is on average 4.71 
for the pre-condition “stool” and 9.17 for the pre-condition 
“armchair”. This difference is also not significant (p=0.314).

Discussion

The influence of a pre-condition- described for other 
sensory experiences such as temperature and sound in the 
introduction - is found for the tactility of a seat as well. The 
second seat is experienced harder after a soft pre-setting than 
after a hard pre-setting. Only the softness of the car seat is 
evaluated significantly different for the two pre-conditions, 
which is also the main difference between the two chairs: soft 

Pre-condition 
“Stool”

Pre-condition 
“Armchair”

p

“I feel relaxed” 7,42 7,12 0,244

“I I feel fit” 7,75 6,54 0,511

“The chair feels soft” 6,75 4,96 0,012

“I like the chair” 6,76 6,46 0,294

“I feel comfortable” 6,87 6,33 0,083

The influence of pre-condition on sensory perception

Table 2

Short-term comfort ratings 

for the car seat in both 

conditions, and the results 

of statistical comparison.
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upholstery compared to hard wood. This could be due to the 
fact that human sensors are better in evaluating differences 
than absolute values (alliesthesia effect described by Cabanac, 
1971). The first impression of comfort, short-term comfort 
and discomfort are not significantly influenced by the pre-
condition. This indicates that the product is not evaluated 
differently, but that the various pre-conditions result in a 
different sensory experience. Participants do not think that 
the seat is significantly more or less comfortable and the 
car seat is not evaluated as causing significantly more or less 
discomfort, but its tactility is experienced differently. 

The fact that the discomfort evaluation of the pre-
conditions did not significantly differ, raises the question if a 
significant difference in discomfort in the pre-condition would 
have led to differences in the comfort evaluations of the seat. 
However, the lacking difference in discomfort between the 
pre-conditions could also be explained by the expectations 
people will have from a stool compared to an armchair, since 
user perception is also influenced by expectations (comfort 
model Vink & Hallbeck, 2012).

It would be of interest to learn how other pre-conditions 
influence the comfort experience. A previous study on 
aircraft interiors (Vink et al., 2012; Vink & Brauer, 2011) 
showed that the comfort was significantly higher when three 
or more factors of the list of comfort experience (seat, crew, 
legroom, delay etc.) were positive. It did not matter so much 
which one, although some negative factors were dominant. 
Such knowledge is not yet established in the field of office or 
automotive seat comfort.

The fact that the car seat in this study is rated slightly 
better for the pre-condition “stool”, could indicate that 
the same product is liked better after an uncomfortable 
experience. It is possible that with more duration of the pre-
condition, with an even more uncomfortable pre-condition 
or when other elements are changed as well, this difference 
would be more noticeable. Although there is no significant 
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difference in the discomfort rated on the body map between 
the chairs, participants tend to experience more discomfort 
after sitting in the armchair. This suggests that discomfort 
from sitting unsupported on the hard stool does not sustain. 
There is a tendency that the car seat rather relieves discomfort 
caused by the stool, and any discomfort caused by the car seat 
is more noticeable with a comfortable pre-condition. Further 
research should show if this assumption can be supported by 
significant data.

Based on the outcome of the study presented here, 
an addition can be made to the comfort model of Vink & 
Hallbeck (2012). This altered model is shown in figure 2. 
There is still an interaction of the human with a product in 
the context of an environment and activity, task or specific 
usage. This interaction results in human body effects (e.g. 
visual, tactile, thermal and audio sensations according to Vink 
& Hallbeck, 2012). Since this study shows that the tactility of 
a seat is experienced differently based on tactile difference of 
the pre-conditions, the influence of a previous sensation has 
been added. The previous sensory experience influences the 
sensations that make up for the human body effects. Here this 
is a tactile sensation, but other studies also suggest the same 
for audio (Opperman et al, 2006) and temperature (Tham 
& Willem, 2006). Thus, in the new model the interaction 
and the previous sensation influence the human body effects. 
The expectations of the user and the human body effects 

2

The extended comfort 

model.
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result in the perception of the product or environment. 
These perceived effects influence the interpretation of the 
experience as “feeling comfortable”, “no feeling” or “feelings 
of discomfort”.

A limitation of the study is that it cannot be excluded 
that some participants were guessing that they were testing 
the same car seat twice. Furthermore, the test sample was 
of a limited size and consisted exclusively of students. Since 
this study was carried out in a strict lab environment, it 
differs from a product experience in actual use conditions 
(e.g. taking place in an aircraft after waiting on a bench at 
the gate, or getting into a car after attending a meeting). This 
is also a clear limitation of the study. Moreover, this study 
only evaluated short-term comfort. It would be of interest to 
learn how long the effect lasts and how longer lasting pre-
conditions would influence product evaluation. In reality, the 
different sensations also act together: Bubb (2008) ordered 
their dominance in relation to comfort and Fenko et al. 
(2010) evaluated their dominance during various stages of 
product use. More research, however, is necessary to learn 
how different sensations act together during pre-condition in 
influencing the complex product experience.
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Conclusion

This study set out to investigate the effects of sitting pre-
condition on product evaluation. The results show no 
significant differences on measures of comfort at first sight, 
and most attributes of short-term comfort and discomfort. 
However, in the evaluation of the seat a significant difference 
was found for the softness of the seat (product tactility). 
There are indications that a product could be evaluated 
better after an uncomfortable pre-condition. More research 
is needed, however, to support this hypothesis and to evaluate 
other rating terms of products with different scenarios of 
prior activities or conditions. Knowledge on the influence 
of one product experience on the other due to the human 
senses could be a starting point for designing products or 
environments differently in order to manipulate the user’s 
overall experience.
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The objective of this thesis is to provide vehicle occupants 
with a positive driving experience rather than a negative, 
straining experience when travelling by car over longer 
periods of time. This thesis has presented insights on what 
influences this negative perception and what enables a 
positive experience. The most important finding is that 
well-being can be influenced by integrating stimulation 
principles in the interface between occupant and car. This 
stimulation offers the on-going variability that counters the 
monotony which is related to physical and cognitive aspects 
of the development of tiredness. The laboratory experiments 
in part B of this thesis confirm the conceptual framework 
for creating a positive driving experience defined in part A: 
Stimulation by physiological impulses and physical variety has 
shown beneficial effects on objective and subjective indicators 
to a positive experience. It has also been demonstrated 
that objective measures are an indication of physiological 
activation, but do not guaranty a pleasant experience in terms 
of well-being or experiential feelings. For example, the results 
of the study on local cooling indicate physiological activation 
but also discomfort for a part of the participants. 

Driver fatigue as a type of discomfort.

The introduction of this thesis proposes a model which 
considers driver fatigue as a type of discomfort (fig. 1). Here, 
it was hypothesized that the perception of tiredness develops 
according to a similar system as the perception of discomfort 
or comfort. Therefore, the concept was formulated to alter 
the vehicle interior so that the interaction results in bodily 
sensations leading to a fit experience. Furthermore, the 
hypothesis was that – similar to the phenomenon that no 

DISCUSSION. 9
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perception of discomfort does not mean that one experiences 
comfort - the absence of the perception of tiredness does not 
automatically result in the driver feeling fit.

The studies presented in chapter 5 and 7 (“local 
cooling of the hands” and “body posture variation through 
the seat”) indicate that it is indeed possible to manipulate the 
experience by altering the bodily sensations. In both studies, 
the interface between human and vehicle interior was altered 
to such an extent that a novel type of sensory stimulation was 
offered. In the first, local cooling of the hands was periodically 
applied during a monotonous, simulated driving task. During 
the second, posture variation is realized by continuously 
varying the seat configuration, i.e. the seat pan and backrest 
inclination. The results show objective and subjective effects 
of this stimulation influencing the experience. 

The study on “local cooling” in chapter 5 also seems to 
support the principle that the experience of feeling fatigued and 
the experience of feeling fit can be perceived simultaneously. 
Physiological activation was found and participants felt that 
local cooling counters fatigue and preferred carrying out 
the driving task with the local cooling, but only half of the 
participants also perceive a positive effect on well-being and 
the increase in self-reported fatigue maintained.

Chapter 8, finally, presents a study evaluating various 
aspects of seating comfort with an uncomfortable and 
comfortable pre-condition. The findings of that study suggest 
that the perception of the bodily sensations is influenced by 

1
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the sensations during the previous condition. How a stimulus 
is perceived in terms of for instance tactility is influenced by 
the difference in magnitude of for instance hardness. This 
has led to the extension of the model shown in figure 1.

Constructs to a positive experience in the context of a 

monotonous driving task.

Part A of this thesis concludes with a description of a positive 
experience enabled by pragmatic quality (need fulfillment 
and ergonomics) and pleasure (experiential feelings, well-
being and meaning). It was defined that the user’s need is 
fulfilled when the vehicle occupant feels fit upon arrival. 
Ergonomically, the sensory stimulation should result into 
bodily activation and reduced strain from travelling by car. 
Well-being is achieved when pleasant stimulation of the 
senses results in human body effects that avoid a feeling of 
tiredness. Based on the analysis, it is considered favorable 
to stimulate the sense of touch in such a way that this leads 
to experiential feelings that are positive in terms of valence 
and arousal. To create a vitalizing driver experience, finally, 
the types of stimulation should be associated positively to 
refreshment, or are intuitive countermeasures against fatigue. 

Chapters 5, 6 and 7 seem to confirm the pragmatic 
quality of sensory stimulation in this context: for instance, 
these studies describe physiological activation, less perceived 
and observed physical fatigue, and it is also investigated how 
stimulation can be fitted to the driving task. Moreover, the 
study on local cooling of the hands also shows positive and 
negative perceptions of experiential feelings, well-being and 
meaning. This type of physiological stimulation is perceived 
as pleasant as well as uncomfortable. It leads to feelings 
of refreshment, stimulation and vitalization, but it is also 
negatively associated with the feeling of draft. 

On the other hand, the results of the study on 
physical variety through the seat indicate positive effects on 
the construct pleasure. The same seat is evaluated as more 

Discussion
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comfortable due to the seat movements. Here, a more 
comprehensive indication on experiential feelings is achieved 
which shows positive valence in the dynamic configuration 
compared to negative valence and deactivation in the static 
configuration. Moreover, positive association of massage and 
the seat taking care of the occupant are mentioned during the 
interviews. 

However, the research presented in this thesis was not 
able to evaluate all constructs to a positive experience in the 
context of a monotonous driving task. The aspects of “need 
fulfillment” and “meaningfulness” or “personal significance” 
should be investigated in actual use during driving on the 
highway, for example. Effects of expectations and motivation 
on the perceived pleasure of sensory stimulation can also be 
expected. 

Reflection.

The review of the existing body of knowledge on user 
experience made it possible to develop a constructive definition 
of a positive product experience. This review offered guidance 
for understanding such a complex interaction as between user 
and vehicle interior. Moreover, the definition of constructs 
to user experience quality was applicable for formulating a 
research objective and to select evaluation methods for the 
various studies. It must be noted, however, that this definition 
is more of a reformulation and restructuring of existing 
concepts of positive product experience rather than a novel 
understanding of the phenomenon. 

On the other hand, the analysis on driver fatigue 
provides a rather complete literature review on the different 
types of fatigue, theories on how driver fatigue can be 
countered, existing countermeasures, and methods for 
assessing fatigue. However, a hierarchy of measurement 
methods could not be deduced from this analysis. It was also 
difficult to deduce a concept of how these measures of fatigue 
should be interpreted in relation to well-being. This means 
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that understanding of how to assess the perception of fatigue 
in relation to well-being had to be developed empirically 
during the studies.  

For example, the study on the effects of local cooling 
during a monotonous, simulated driving task shows beneficial 
physiological effects of sensory stimulation. However, the 
methods for assessing the perception of tiredness during this 
study are traditional fatigue scales. In hindsight, more thorough 
investigation on the experiential component of this tiredness 
would have been more appropriate.  The results indicate that 
some participants feel refreshed and stimulated, while others 
experience discomfort. Moreover, participants feel that the 
stimulus reduces fatigue but no effect on the constructs for 
self-reported fatigue is found. The data obtained during this 
study cannot explain these results completely, and therefore 
further research is needed.

The results of that study in chapter 5 show that the self-
reported fatigue levels do not decrease, although participants 
perceive the task as less tiresome when local cooling of the 
hands is applied at the end of the experiment. This indication 
inspired the concept that the stimulation should prevent the 
perception of tiredness related to a monotonous driving task 
rather than aim to reverse the process. This is in contradiction 
to the criteria for a countermeasure system to driver fatigue 
described by Desmond and Matthews (1997) or Balkin et al. 
(2011).  They propose a system which offers a stimulus after 
a valid indication that fatigue has developed. The purpose of 
this stimulus is then to restore performance.  However, the 
results of the study in chapter 5 show that the stimulus cannot 
undo fatigue development.

The results of the studies described in chapter 6 were 
applied to determine the critical constraints of the driving 
task for physical variety and to derive a range-of-motion 
for stimulation through seat movements. Furthermore, the 
sensory sensitivity to seat angles was analyzed. Both are 
enablers for the pragmatic quality of the stimulus. The derived 

Discussion
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range-of-motion, however, is based on laboratory tests and 
this might influence results. On the other hand, the method 
used to determine the critical constraints made people very 
aware of the adjustments since they remained seated during 
the entire experiment. The findings of these studies were used 
to develop the seat system that offers stimulation through 
physical variety.

Chapter 7 described the positive effects of the physical 
variety on observed bodily movements, perceived physical 
fatigue, comfort evaluation of the seat and how participants 
feel after being seated for 45 minutes. For this study, the 
concept was applied to stimulate continuously throughout the 
experiment and not just towards the end when the participant 
is already fatigued. This is another approach compared to 
the study shown in chapter 5, where stimulation is applied 
towards the end. Moreover, the methods applied for this 
study are more appropriate for the objective of this thesis 
since they assess ergonomics, well-being and experiential 
feelings rather than traditional fatigue assessment. 

However, a limitation of the study is – next to the 
missing driving dynamics during the laboratory test – the 
fact that the lack of an actual occupation might intensify the 
experience. Hiemstra-Van Mastrigt (2015), for instance, 
found in two separate studies that certain activities (such 
as eating food or working on a laptop versus relaxing) can 
distract from discomfort or that inactivity can increase the 
perception of discomfort. 

Finally, the study described in chapter 8 shows the 
influence of pre-condition on the sensory perception in terms 
of tactility: The same seat is evaluated softer with a “harder” 
pre-condition. However, no influence on overall well-being 
was found, while for example McMullin (2013) or Mellert et 
al. (2008) found that environmental aspects such as interior 
design and sound influence the comfort perception of a seat. 

Due to the fact that the participants carried out rather 
boring activities during the experiments the question arises 
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if any stimulus would have been appreciated since it offers 
some sort of variation from the monotony. However, the 
results on the local cooling study show that the stimulus was 
rejected by half of the participants. Moreover, Kruijthof et 
al. (2014) found effects of the type of music but no effects of 
activities on comfort impression and emotional valence. This 
indicates that a secondary task - as suggested by for instance 
Desmond and Matthews (1997) or May and Baldwin (2009) 
– might help staying alert but there are no indications that 
this has a beneficial effect on the construct of pleasure. Thus, 
both studies suggest that not every form of stimulation leads 
to a more pleasant experience of a boring activity. 

For all studies presented in this thesis, self-report 
questionnaires were used to obtain data on for example 
perceived tiredness, well-being, or discomfort. There are 
some limitations to the use of such questionnaires. For this 
research, it can be assumed that these are mostly situational 
issues such as the setting of the studies in laboratories or social 
desirability towards the researchers (Brener et al., 2003). 
However, there are no acceptable alternatives for measuring 
such constructs although it is known that self-reports are 
prone to such biases (Kimberlin and Winterstein, 2008). 

Further research.

The advantage of laboratory tests is that the situation is 
controlled and that changes in the experience can be attributed 
to the applied manipulation. However, a general limitation 
of the studies described in part B of this thesis is also that 
the user research is carried out solely in laboratories. Firstly, 
such laboratory tests lack the proper context, and human 
expectations and motivations. Since the simulated “trip” 
has no destination, the expectations of the participants are 
different. For instance, the experience might be more boring 
due to lack of motivation. Moreover, no vehicle dynamics are 
experienced during all the experiments. Therefore, further 
research should investigate the stimulation principles firstly 
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during actual driving under controlled conditions but also 
during driving freely in various daily scenarios. 

Another general limitation is that the influence of 
individual differences is not investigated in this thesis, 
although the participant samples were heterogeneous. Further 
studies could systematically evaluate the influence of age, sex, 
culture, lifestyle and personal preference on the perception 
of sensory stimulation in relation to feeling fatigued. This is of 
interest for development of a vitalizing system in the vehicle 
interior as will be described in chapter 10. Knowledge on how 
individual characteristics influence the driving experience in 
this context will allow the vehicle to make suggestions that 
are not just generally applicable but also appreciated by the 
individual.

Moreover, further efforts should improve the 
experience quality of the stimuli tested in this thesis. For 
instance, it should be investigated if local cooling by means 
of conduction through cooling the steering wheel avoids the 
discomfort caused by the cold air stream. It could also be 
investigated if the effects of local cooling can be achieved 
using another stimulus like scent, since several studies report 
physiological activation related to certain scents (e.g. Alaoui-
Ismaili et al.; 1997, Bensafi et al., 2002; Horii et al., 2013). 
Next, it should be evaluated how the various stimulation 
principles are experienced in combination with each other, 
and when the level of stimulation would become too much. 
Moreover, further insights are needed to determine which 
stimuli should be presented when or if the stimulation 
principles should be offered at random. 

However, the most interesting question that remains 
to be answered is to what extent the ‘wow’-effect can be 
reproduced when a stimulus is repeatedly offered. In chapter 
2, it was described that a certain ‘wow’-effect promotes the 
perception of pleasure. Therefore, the question arises if a 
participant is exposed to a stimulus, for instance, for a third 
time in a third experimental session the perceived effect is 
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similarly positive. When people expect or become used to the 
stimulation, does this become the new normal and therefore 
loses its beneficial effect? On the other hand, it is possible 
that people who reject the stimulation the first time become 
more appreciative of it when they know what to expect. A 
possible effect could even be disappointment when users 
expect certain stimulation while this is not offered. During 
the study on “body posture variation through the seat” some 
participants expressed their disappointment when they 
realized the seat would not execute the movements during 
the second session. Thus, the present experiments provide a 
starting point for further research. 

Discussion
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The research conducted for this thesis can contribute 
to the design of a vitalizing experience in the context of a 
monotonous driving task. This experience is created by the 
perception of periodic vitalization offered by an intelligent 
system in the vehicle interior. This concept of periodic 
stimulation is based on the studies presented in this thesis 
which show beneficial effects of physiological impulses or 
physical variety. The present research has also developed the 
premise that it makes more sense to prevent the perception 
of fatigue related to task-underload with stimulation rather 
than to try reversing the fatiguing process. For this purpose, a 
control system in the vehicle interior is necessary.

The main challenge of developing such a smart system 
is allowing for individual differences and desired autonomy 
of the user. When the goal of the interaction is to carry out 
practical tasks (such as navigating the fastest route), it is likely 
that the system’s suggestion is appropriate and therefore 
accepted by the user. The pragmatic quality is more easily 
predicted because of its logic; providing stimulation when 
the demand of driving the car is low over a certain amount 
of time. When it comes to pleasure, it is more challenging 
to make the appropriate suggestion based on objective data 
since well-being, experiential feelings, and meaning differ per 
individual and volatile to context. Moreover, people prefer 
to maintain a feeling of autonomy towards such a system and 
they do not want to be patronized by it.

Figure 1 schematically shows the criteria for such 

TOWARDS A 
VITALIZING DRIVER 
EXPERIENCE. 

10
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a system offering periodic vitalization. The context-based 
system utilizes trip characteristics such as driving time, traffic 
density, and type of road to predict whether there is a risk 
to develop a feeling of tiredness due to monotony. Context 
information is preferred over driver state assessment since 
those measures indicate the level of psychophysiological 
strain but not the decrease of well-being in the early stages of 
the fatiguing process. Furthermore, the system should take 
into account personal preferences of the user based on data 
gathered during interaction with the vehicle from the seat or 
steering wheel, via smart phone or wearables summarized in 
a user profile.

Based on these two types of information, the system 
should suggest vitalization by sensory stimulation when it is 
appropriate. Further research is needed to determine whether 
the stimulation principle should be selected randomly by the 
system or based on user request. The user should be able to 
overrule the stimulation proposal in any case. Previous and 
the present research described in this dissertation show that 
people are more likely to reject system activities which they 

1

Schematic representation 

of a system offering a 

vitalizing experience.
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cannot influence themselves. Therefore, this option is vital. If 
the user accepts the proposal, periodic stimulation is offered 
either through physiological impulses or physical variety. 
This dissertation shows that this could be either cooling down 
the steering wheel intermittently, or starting the repeating 
movements of seat pan and backrest. Future research should 
show if it is also possible to apply other types of stimuli.
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This thesis aims to decrease the feeling of tiredness related 
to an on-going monotonous, undemanding driving task. It 
is not intended to enable people to drive longer, but rather 
for them to experience the time they spend driving as more 
pleasant. The perception of fatigue is considered as a type of 
discomfort. From this follows the hypothesis that this feeling 
of tiredness develops according to a similar system as the 
perception of discomfort or comfort. Following this premise, 
the approach in this thesis is to alter the interaction with the 
vehicle interior by developing features resulting in certain 
bodily sensations that contribute to feeling more fit.

Before developing concepts for this, however, it is 
first necessary to develop an understanding of what enables 
a positive experience. Following a review of existing concepts 
of user experience quality, it is defined in this thesis that a 
positive experience is related to pragmatic quality (consisting 
of need fulfillment and ergonomics) and pleasure (consisting 
of experiential feelings, well-being and meaning). Moreover, 
a review of literature concerning driver fatigue theories and 
countermeasures has been carried out for analysis of the 
problem. This review showed that driver fatigue consists of 
physical and/or cognitive fatigue. Physical fatigue is related 
to perceptual-motor adjustments specific to the driving 
task (holding and operating the steering wheel, using the 
foot levers) and to discomfort caused by prolonged sitting. 
Cognitive fatigue can be subdivided in task-related and sleep-
related fatigue. Sleep-related fatigue is considered intervention 
resistant by most researchers. Task-related fatigue is caused 
from task-overload or underload. 

Based on these two analyses, the concept in this thesis 
is to achieve a vitalizing experience by offering stimulation 

SUMMARY. 
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through physiological impulses or physical variety. The first 
is inspired by the fact that stimulation with local cooling and 
scent is related to physiological activation. The second is 
inspired by the fact that posture variation is related to beneficial 
effects on physical fatigue, and that body movements are 
also an intuitive countermeasure against cognitive fatigue. 
Moreover, it is proposed that a positive driving experience 
in the context of traveling over longer periods of time ensues 
when the vehicle occupant feels fit upon arrival (need 
fulfillment). Furthermore, the sensory stimulation should 
result into bodily activation and reduced strain from traveling 
by car (ergonomics). Well-being should result from pleasant 
stimulation of the senses leading to human body effects that 
avoid a feeling of tiredness. The bodily sensations should be 
altered in such a way that this leads to experiential feelings 
that are positive in terms of valence and arousal. Finally, to 
create a vitalizing driver experience the interaction should be 
associated positively to refreshment, or should be an intuitive 
countermeasures against fatigue. This concept is evaluated and 
developed further with user research in laboratory tests. The 
stimulation principles (physiological impulses and physical 
variety) are evaluated with user research in laboratory tests 
to determine if they contribute to this concept of a vitalizing 
driver experience. 

In chapter 5, the effects of local cooling on perceived 
drowsiness, experiential feelings, perceived task load and 
heart rate are investigated during a simulated, monotonous 
driving task. The results show a significant increase in heart 
rate related to cooling the hands which indicates physiological 
activation. The majority of participants (83%) preferred to 
perform the monotonous driving task with local cooling, 
although no significant effects on perceived drowsiness and 
task load were found. The comfort experience could be 
influenced by personal preferences, since the participants 
who enjoyed the cooling (47%) experienced it as refreshing, 
pleasant and stimulating but for those who disliked local 
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cooling (53%) it caused discomfort. The interaction should 
be improved to increase well-being and possible effects on 
driving performance should be evaluated.

Chapter 6 describes two studies with the aim of finding 
out to what extent postural variation is allowed by the driving 
task and how sensitive the human body is to these changes. 
This results in the definition of a range-of motion for physical 
variety, which is used for the development of a seat movement 
system. Chapter 7 aims to investigate the influence of this 
system moving the vehicle occupant’s body passively. This 
posture variation is realized by continuously varying the 
seat configuration, i.e. the seat pan and backrest inclination. 
The measurements obtained were the observation of body 
movements and questionnaires on perceived discomfort, 
seating comfort and experiential feelings. 

The results show that participants perceive more 
discomfort and that they move significantly more in the static 
configuration. The seat’s comfort and support are evaluated 
significantly better in the dynamic configuration. The dynamic 
configuration results in participants feeling significantly more 
active, energetic, stimulated, pleasantly surprised, pleased, 
comfortable, accepting and calm. The static configuration 
results in the participants feeling marginally more tired and 
significantly more bored. Further research should investigate 
the effects in the context of driving on the road and an actual 
driving task. Yet, it can be concluded that the continuous 
movements of the seat have a beneficial effect on objective 
and subjective indicators of well-being. 

The study in chapter 8 sets out to investigate the effects of 
sitting pre-condition on product evaluation. In the evaluation 
of the seat, a significant difference was found for the softness 
of the seat (product tactility). There are indications that a 
product could be evaluated better after an uncomfortable 
pre-condition. More research is needed, however, to support 
this hypothesis and to evaluate other rating terms of products 
with different scenarios of prior activities or conditions. 
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Knowledge on the influence of one product experience on 
the other due to the human senses could be a starting point 
for designing products or environments differently in order 
to manipulate the user’s overall experience. 

This thesis presents insights on what influences the 
negative perception of drowsiness and what enables a positive 
experience. The most important finding is that well-being can 
be influenced by stimulating features in the interface between 
occupant and car. In the present research, this consists of 
physiological stimulation via local cooling of the hands and 
physical variety via movements of the seat. This stimulation 
offers the on-going variability that counters the monotony 
which is related to physical and cognitive fatigue. Stimulation 
by physiological impulses and physical variety has shown 
beneficial effects on objective and subjective indicators of a 
positive experience.
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Het doel van dit onderzoek is het oncomfortabele gevoel van 
vermoeidheid tijdens het autorijden te verminderen. Dit gevoel 
kan veroorzaakt worden door een doorgaans monotone, 
relatief eenvoudige rijtaak. De intentie is echter niet om het 
mensen mogelijk te maken langer auto te rijden, maar om te 
waarborgen dat de tijd die men doorbrengt tijdens het rijden 
als aangenaam beleefd wordt. Het ervaren van vermoeidheid 
wordt als een vorm van discomfort beschouwd. De daaruit 
voortvloeiende hypothese is dat dit vermoeidheidsgevoel 
zich volgens een vergelijkbaar proces ontwikkeld als de 
waarneming van discomfort en comfort. De aanpak in dit 
proefschrift is - op grond van deze aanname – erop gericht 
om de interactie met het auto-interieur te veranderen. 
Deze interactie wordt verbeterd door functionaliteiten te 
ontwikkelen die lichamelijke sensaties geven welke bijdragen 
aan een gevoel van fitheid tijdens het autorijden.

Om concepten voor deze functionaliteiten te 
ontwikkelen, is het allereerst noodzakelijk om te begrijpen 
wat een positieve belevenis in deze context veroorzaakt. 
Aan de hand van een literatuuronderzoek van bestaande 
theorieën over de kwaliteit van user experience, wordt in 
dit proefschrift gedefinieerd dat deze gerelateerd is aan de 
pragmatische kwaliteit en gebruiksgenot. De pragmatische 
kwaliteit bestaat hierbij uit de vervulling van behoeftes en 
ergonomie. Voor het gebruiksgenot zijn gevoelens, welzijn en 
de betekenis toegeschreven aan de interactie bepalend.

Daarnaast is een literatuuronderzoek uitgevoerd 
over vermoeidheid bij automobilisten en mogelijke 
tegenmaatregelen, met het doel dit probleem te analyseren. 
Hieruit is gebleken dat vermoeidheid bij automobilisten 
uit lichamelijke en mentale vermoeidheid bestaan kan. 

SAMENVATTING. 
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Lichamelijke vermoeidheid is gerelateerd aan belasting door 
de rijtaak en aan discomfort veroorzaakt door het langdurige 
zitten. Mentale vermoeidheid kan onderverdeeld worden 
in vermoeidheid gerelateerd aan de taak en vermoeidheid 
door de behoefte aan slaap. Vermoeidheid gerelateerd aan 
de taak kan veroorzaakt worden door een te hoge belasting, 
maar ook door een relatief eenvoudige opgave die langdurig 
uitgevoerd moet worden. Door de meeste onderzoekers 
wordt verondersteld dat het niet mogelijk is een interventie 
tegen slaap-gerelateerde vermoeidheid te ontwikkelen. 

In dit proefschrift is, aan de hand van deze twee analyses, 
de notie ontwikkeld om een vitaliserende beleving te creëren 
door fysiologische impulsen en afwisseling in lichaamshouding 
aan te bieden. De fysiologische impulsen zijn geïnspireerd 
door de wetenschap dat stimulatie met lokale koeling en geur 
een fysiologische activering kan veroorzaken. De tweede is 
gebaseerd op inzichten dat variatie van lichaamshouding een 
positief effect heeft op lichamelijke vermoeidheid. Daarnaast 
zijn lichaamsbewegingen ook een intuïtieve tegenmaatregel 
bij vermoeidheid. In dit proefschrift wordt een positieve 
belevenis in de context van langere autoritten gekenmerkt 
doordat de automobilist zich fit voelt wanneer hij/zij aankomt 
op de plaats van bestemming (de vervulling van behoeftes). 
Bovendien leidt de sensorische stimulatie tot lichamelijke 
activering en minder waargenomen belasting tot gevolg 
(ergonomie). Welzijn resulteert uit het aangename stimuleren 
van de zintuigen wat het vermoeidheidsgevoel kan vermijden. 
Deze sensaties dragen ook bij tot gebruiksgenot wanneer ze 
gevoelens veroorzaken die aangenaam of actief zijn. Tenslotte 
wordt deze interactie bij voorkeur geassocieerd met verfrissing 
en komt het overeen met intuïtieve tegenmaatregelen bij 
vermoeidheid om de kans op een vitaliserende belevenis te 
vergroten. In dit proefschrift wordt dit concept geëvalueerd en 
verder ontwikkeld aan de hand van gebruikersonderzoeken. 
De uitgangspunten voor stimulatie (fysiologische impulsen en 
lichamelijke afwisseling) zijn onderzocht in het laboratorium 
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om te bepalen of ze bijdragen aan een vitaliserende belevenis.
In hoofdstuk 5 zijn de effecten van lokale koeling 

op waargenomen vermoeidheid, gevoelens, waargenomen 
belasting en hartslag onderzocht tijdens een gesimuleerde, 
monotone rijtaak. De resultaten laten zien dat de hartslag 
significant toeneemt wanneer de handen gekoeld worden. 
Dit wijst op de fysiologische activering. De meerderheid van 
de deelnemers prefereerde de rijtaak uit te voeren met de 
koeling, hoewel geen significante effecten op vermoeidheid 
en belasting gevonden zijn. Het kan zijn dat het comfort 
beïnvloed wordt door persoonlijke voorkeuren, aangezien 
deelnemers die de koeling prettig vonden het verfrissend, 
aangenaam en stimulerend vonden maar bij degenen die 
het niet prettig vonden veroorzaakte het discomfort. De 
interactie moet verder verbeterd worden om het welzijn voor 
deze mensen te verbeteren.

Hoofdstuk 6 beschrijft twee experimenten waarin 
bepaald wordt hoeveel lichamelijke afwisseling mogelijk 
is tijdens een rijtaak en hoe gevoelig het lichaam is voor 
deze afwisselingen. Deze experimenten resulteerden in een 
bepaald bewegingsbereik voor de autostoel. In hoofdstuk 7 
zijn de effecten van een dergelijk bewegende stoel onderzocht. 
De lichamelijke afwisseling is bij dit onderzoek bereikt 
door herhalende beweging in de rugleuning en het zitvlak. 
Hierbij zijn het aantal lichaamsbewegingen geobserveerd 
en vragenlijsten gebruikt om waargenomen discomfort, 
zitcomfort en gevoelens vast te stellen.

De resultaten laten zien dat de deelnemers significant 
meer bewegen in de statische autostoel en dat zij in deze 
configuratie meer discomfort waarnemen. Het zitcomfort 
en de ondersteuning worden significant beter beoordeeld in 
dezelfde stoel wanneer deze zich beweegt. De deelnemers 
voelen zich significant meer actief, energiek, gestimuleerd, 
aangenaam verrast, tevreden, comfortabel, accepterend 
en kalm. De statische configuratie resulteert erin dat de 
deelnemers enigszins meer vermoeid voelen en significant 
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meer verveeld zijn. Verder onderzoek moet uitwijzen of de 
effecten bij autoritten op de straat ook aangetoond kunnen 
worden. Deze ontwerprichting is veelbelovend omdat een 
continu bewegende stoel positieve effecten heeft op objectieve 
en subjectieve indicatoren voor welzijn.

Hoofdstuk 8 behandelt een experiment waarin de 
effecten van de voorafgaande conditie op de productbeleving 
zijn bestudeerd. Bij het evalueren van de autostoel is een 
significant verschil gevonden bij de beoordeling van de 
zachtheid van de stoel (tactiliteit). Na het zitten op een krukje 
werd de autostoel zachter ervaren dan na het zitten in een 
fauteuil. Het kan dus zijn dat een product beter geëvalueerd 
wordt na een oncomfortabele belevenis. Er is echter verder 
onderzoek nodig om deze hypothese te ondersteunen. 
Kennis over hoe de menselijke zintuigen het verschil tussen 
productbelevenissen ervaren kan het uitgangspunt vormen 
voor een andere manier van het ontwerpen van producten 
of omgevingen.

Dit proefschrift heeft inzichten opgeleverd over de 
oorzaken van vermoeidheid bij automobilisten en hoe een 
positieve belevenis in de context van monotone autoritten 
mogelijk gemaakt kan worden. De belangrijkste bevindingen 
zijn dat het welzijn van de automobilist beïnvloed kan worden 
door stimuli vanuit het interieur van de auto. Deze stimulatie 
zorgt voor continue variatie die de monotonie compenseert 
bij lange ritten. Er zijn positieve effecten gevonden van 
stimulatie in de vorm van periodieke koeling van de handen 
en lichamelijke afwisseling door bewegingen in de stoel 
op objectieve en subjectieve indices van een vitaliserende 
rijbelevenis.
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