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FORWORD

With the collaborative effort of numerous individuals, the
culmination of this project has been made possible. The
collective experiences shared throughout its duration
have undoubtedly contributed to its evolution. This
endeavor has served as a pivotal opportunity for me to
assume the role of a researcher, granting me a wealth of
invaluable experiences.

| extend my sincerest gratitude to Professor Vink, whose
unwavering guidance and encouragement propelled me
through this journey of exploration. Additionally, | am
indebted to my mentor, Xinhe Yao, for offering me
invaluable insights and constructive critiques that steered
me towards the path of excellence.

The perspectives provided by Wim and Marco have
proven to be instrumental in shaping the formulation of
the project's progress. Their contributions have added
layers of depth and refinement to the overall endeavor.

Lastly, | wish to express my heartfelt appreciation to my
brother and Ahmin, whose unwavering support has been
a constant source of motivation.
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SUMMARY

The objective of this project is to examine the effects of
new technology in car seats on fatigue and discomfort.
The first step involves defining the fatigue framework and
selecting an appropriate assessment method. Since
different studies suggest that the definition of fatigue can
vary in different situations, a street interview was
conducted to explore the type of fatigue relevant to the
context of this project. The literature review and street
interviews indicated subjective measurements of fatigue,
including sleepiness, sore limbs, backaches, headaches,
numbness, and stiff muscles. The objective measurements
include Electromyography and Heart Rate Variability.

A pilot test was conducted which revealed certain
drawbacks in the testing process. Subsequently, these
issues were addressed in the formal test. The Visual EMG /m_ - | 3}
Analogue Scale (VAS) form was introduced to assess 7 ‘ bt
discomfort in local muscles, comfort, and fatigue »
symptoms, in addition to the subjective measurements.
Leg circumference was also measured to indicate blood
flow.

The formal test took place over 150 minutes per person
in Rotterdam, with 16 participants. Data were recorded PERCIVED
while participants were seated in the chairs. IIISI:IIMHIII

The data analysis indicates a clear conclusion regarding
the evaluation of the seats: the technology integrated
into the seats demonstrates a positive effect on fatigue
and perceived discomfort in the shoulder, mid, and leg
regions, as evidenced by EMG and VAS discomfort scores.

Lower back
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PROJECT OVERVIEW

The chapter describes the general background of
the project, the individuals involved, the product
being developed, and the project's overview
workflow.

1.1 PROJECT BACKGROUND

The Qumulus Smart Seat Group has integrated
cutting-edge technology into a car seat. The
team is intrigued by its potential. (Figure 1).

The Cumulus Smart Seat group has integrated
cutting-edge technology into a chair with the
intention of testing the effect a car seat. Given
that this chair represents an innovative invention,
the team is intrigued by its potential impact on
fatigue, comfort, and discomfort levels within the
driving environment.

Active
Adaptive
Seating.

By using smart seating
technology.

qurm

ulus

= o i 5 VS - oY

Figure 1: Qumulus Smart Seating Technology website
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PROJECT OVERVIEW

Spark Design &
Innovation

1.2 STAFF INTRODUCTION

Different parties involved in this project, so it is
necessary to introduce the structure of the
project group to facilitate the explanation of
subsequent steps. As mentioned, the initial team IPADD &
involved in this project consists of Qumulus Qumulus seating
Smart Seating Technology, represented by Wim
Tinke and Marco Pieterse. Spark Design &
Innovation has been hired by Qumulus Smart
Seating Technology to incorporate the chair into
a luxury car.

Michel van schie

Michel van Schie (Figure 2) served as the key
liaison among the three stakeholders. | was
affiliated with TUDelft and hold a research role }
in this project. Since the innovation device had Wim Tinke  Marco Pieterse
not yet been assembled before June 2023. | had

to wait for Spark Design & Innovation to

complete the process. Once the chair was ready,

| could conduct tests to assess how it influences

fatigue and (dis)comfort, providing Qumulus

Smart Seating Technology with a comprehensive

report.

TUDelft

Peter Vink Xinhe Yao Xiranai Dai

Figure 2 shows the staff members who are involved in
the project.
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PROJECT OVERVIEW
1.3 STAFF INTRODUCTION
The primary focus of this project is the innovative chair, When a driver spends an extended period of
which incorporates 'cells' on the buttock and backside time sitting on the chair, the 'cells' are
areas (Figure 3). These 'cells' have the capability to adjust automatically controlled by the car's internal
the height creating small areas areas of force on the system, making the adjustments imperceptible
buttock, and mid back. These cells can change the to the driver. It is important to note that the
pressure and modify the shape of the seat surface. movement of these 'cells' should involve micro

adjustments which is different from a traditional
massage chair.

THAPY 8. Dpovik. bnnevictia A Loy

. 10 b b foll
2 bouSin g cells 4% btk @i

Cells ove. undler the COVRV

Figure 3: Left side: normal chair
right side: Qumulus Smart Seating Technology’s ideal car
seat
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1.3 PROCESS INTRODUCATION

Figure 4 provides an overview of the current process.
The overall direction of the project combines
IPADD's requirements with my perspective on the
graduation project, which results on focusing on
testing the user experience of Qumulus Smart Seat in
scientific way. The research question is as follows:
How does the IPADD chair, compared to the chair
without Qumulus Seating technology (QSt), influence
the symptoms of fatigue and perceived discomfort in
a simulated driving environment?

Literature review

IPADD's Demand

Many reserachers make
experiment to
investigate fatigue and
comfort/discomfort

IPADD wants to know

whether their chair can
have influence on

fatigue and comfort.

Design a test environment for fatigue
and comfort/discomfort investigation.

My perspectives of
my demand

rough interview

Literature is not enough
for me to understand
fatigue, so | want to
asking how people think
about it.

I want to focus on
experiment
environment, for
example, how people
can response their
feeling by interface.

The research question can be further divided
into the following sub-questions:

Literature List
Itis a list from what | read. Selected I\tlratures are into a catalog excel tables.

Fatigue &
comfort/discomfort
Framework

How did the IPADD chair influence
the symptoms fatigue and percived
discomfort in simulated driving
environment compared to the chair
without cells ? and how to improve
the IPADD chair?

Street interview

This interview compared to
the previous one with more
literature support and
formative. With 22 people's
answers.

Figure 4: The process of IPADD project

AOWODNPE

. What is fatigue?

. How can fatigue be measured?

. How can be (dis)comfort measured?

. How can a scientific comparison be
conducted between the QST seat and a
regular seat in terms of (Dis)comfort and
fatigue?

Feedback of pre-pliot test

Measurement trials Conduct the formal test

I try to select and learn how to use facility to
meansure.And how to analysis data.

The formal test has been improved based on the pilot
test feedback.

Analysis the results
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PROJECT OVERVIEW

To address these questions, literature reviews
are necessary to help gaining a deeper
understanding of fatigue and (dis)comfort. There
is a multitude of papers available on these
topics, which can provide insights into how most
researchers approach the subject. However, it is
important to note that simply relying on existing
research may not align perfectly with our
project. Therefore, conducting interviews with
individuals is chosen to gain insights in the
fatigue experience in order to understand their
firsthand experiences in driving conditions.
These interviews yield valuable insights that
assist in subsequent steps, such as developing a
fatigue framework and determining appropriate
measurements. The following chapter will
explain these steps in detail.
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REFINING FATIGUE & (DIS)COMFORT

2.1. FRAMEWORK OF FATIGUE
AND (DIS)COMFORT

Nowadays, road accidents frequently occur as a result
of driver fatigue, with drivers often experiencing
drowsiness leading to accidents (Horne and Reyner,
1995; Pack et al., 1995). Despite their efforts to
combat fatigue, drivers often find themselves
unsuccessful to keep awake (Horne and Reyner, 1995;
Pack et al., 1995). The existence of multiple
definitions of fatigue across different domains
complicates the situation (Hjollund et al., 2007).
Therefore, in the context of the IPADD project, it
becomes crucial to first establish a clear
understanding of what fatigue entails.

Company's Demand

v

This chapter focuses on the development of the
fatigue framework for the IPADD project (Figure
5). To begin, it is crucial to establish a
comprehensive understanding of fatigue. At this
stage, the definition of fatigue can be initially
broad and encompassing. However, the definition
of (dis)comfort is clear and has enough evidences
from pervious studies.

Rough Interview

Framework1
i

)
&5
v Wy ¥ Y

<

) Framework?2 ) Framework3

g

Figure 5 Progress of updating the fatigue framework
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REFINING FATIGUE & (DIS)COMFORT

Considering the De Looze (2003) model (Figure 6),
the definition of (dis)comfort becomes evident, with
the product, the human, and the environment
identified as key influencers. Previous studies
indicate that discomfort primarily relates to the
physical state, characterized by sensations of
soreness and pain (Zhang, 1996; Helander and
Zhang, 1997; Helander, 2003).

SITTING COMFORT
(= feeling of relaxation, well being)

SITTING DISCOMFORT
(= feeling of pain, soreness,
numbness, stiffness)

T
responses
i :
— ;
HUMAN N internal dose Iexpectaﬂons > <« elmtionsl
i 1
& external exposure
&
; physical features
SEAT physical features hetic design
physical environment
CONTEXT physical ;“sk"‘m“me“‘ Ty
psycho-social factors

Figure 6 Models of Comfort and Discomfort of De Looze
et al.(2003)

2.1 FRAMEWORK 1

A fatigue framework (Behrens, M., Gube, M., Chaabene, H.,
Prieske, O., Zenon, A., Broscheid, K., Schega, L., Husmann, F.,
& Weippert, M., 2022) was discovered and utilized to develop
the framework for the IPADD project (Figure 7). The paper
provides a comprehensive explanation of fatigue, dividing it
into two general components: trait and state fatigue.

State Fatigue

— D—tm l CT
v v v

Motor Performance Fatigue Perceived Motor Fatigue Cognitive Performance Fatigue Perceived Cognitive Fatigue (— .

£

Neural Musclar parceprual. affective-  COgNItive-
inatory  m rional evaluative

dimension

conti the
presentask(9,12]

————

motivation
loss

e . Gender
prefusion | Vesi related

Then... In the end

I

’ Perceived Motor Fatigue
I
|

Cognitive Performance Fatigue H Perceived Cognitive Fatigue

Happened first

Motor Performance Fatigue

Figure 7 The Framework from Fatigue and Human
Performance: An Updated Framework
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REFINING FATIGUE & (DIS)COMFORT

Trait fatigue primarily stems from pathological
factors, such as fever or other illnesses, and is
typically experienced over an extended period
(e.g., weeks or months). On the other hand, state
fatigue is the primary focus of the IPADD project,
representing a temporary change in human
functioning. Figure 7 illustrates four sub-
definitions within the realm of state fatigue:
motor performance fatigue, perceived motor
fatigue, cognitive performance fatigue, and
perceived cognitive fatigue.

Motor fatigue, also known as muscle or
neuromuscular fatigue, is traditionally associated
with factors related to the musculoskeletal
system. Cognitive fatigue, on the other hand,
leads to decreased performance in cognitive
tasks, including reaction time and other cognitive
functions. These four types of fatigue are
interconnected and may exhibit a sequential
pattern in driving conditions. It is important to
note that this project does not consider
psychiatric disorders, disease symptoms, or
treatment side effects. Additionally, the inclusion
of all four types of fatigue may not be suitable for
the scope of the project. Framework 2 aims to
refine and narrow down the definition of fatigue
within the IPADD project.

2.2 FRAMEWORK 2

Framework 2 (figure 8) shows the new perspectives on
fatigue and (dis)comfort. The previous four definitions of
fatigue merge into two, owing to the cause of car
accidents. | shifted my perspective to the underlying issue,
put the focus on car accidents, and identified two primary
factors that cause them: fatigue and sleepiness (Davenne,
D., Lericollais, R., Sagaspe, P, Taillard, J., Gauthier, A., Espié,
S., & Philip, P. 2012b).

In this framework, physical as well as cognitive fatigue are
subject of study(Davenne, D. et al. 2012). Physical fatigue
is influenced by pressure distribution, muscle activity, and
vertebral column curvature (De Looze et al., 2003). In some
fields, fatigue is defined as feeling abnormally sleepy
(Rahman, A., Hriday, M. B. H., & Khan, R. 2022)
(Kocalevent, R., Hinz, A., Brahler, E., & Klapp, B. F. 2011). In
this framework, vigilance decrement is regarded as
cognitive fatigue. EEG is the primary method to investigate
cognitive fatigue and detect vigilance.

However, in the article "Physical and cognitive
consequence of fatigue: A Review" (Davenne et al., 2012)
and in the study by Dittner, A., Wessely, S., & Brown, R. M.
(2004), it was agreed that sleepiness and tiredness should
not be considered as fatigue.
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REFINING FATIGUE & (DIS)COMFORT

Besides, it has been challenging to establish a
clear connection between fatigue and
(dis)comfort thus far. However, there are
commonalities between fatigue and (dis)comfort,
particularly in terms of their symptoms (Wiker, S.
et al., 1990). Wiker also concluded that there is a
strong statistically significant intercorrelation
within functional muscles.

As mentioned earlier, the current understanding
of fatigue lacks clarity. Therefore, it is imperative
to approach fatigue from another angle in order
to gain a comprehensive understanding.
Conducting interviews is used used in this study
to redefine perspectives.

presre | Muscle  Vertebral
distribution tivity o
activity  curvature

Physical
fatigue

cognitive vigilance

Fatigue _) fatigue (—> decrement

Car
accident )

e Sleepiness

Figure 8 Framework 2

2.3 INTERVIEW

The literature review provides a limited perspective
when it comes to understanding fatigue based on
others' works. To supplement this, conducting
interviews can offer valuable insights directly from
drivers. The first interview was preliminary, while the
second interview took place on the street.

A pre-street interview question list was prepared and
can be found in Appendix Il. Figure 9 displays the
completed questionnaire, which was filled out by seven
interviewees, providing valuable insights.

INSIGHTS FROM PRE-STREET INTERVIEW

One participant mentioned that the number of
years of driving experience affects the duration
of losing concentration. Less experienced
drivers, lacking confidence, tend to stay nervous
while driving, making them more prone to
fatigue compared to experienced drivers.

Through careful observation of the interviewees'
reactions and responses, it became evident that
people use various symptoms to describe
fatigue.
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REFINING FATIGUE
STREET INTERVIEW

Additionally, it was observed that individuals
often unconsciously describe fatigue by
referencing specific symptoms. This leads to the
question of whether there exists a threshold at
which individuals perceive and recognize
fatigue.

Following the update of the previous questionnaire (Appendix
II), a comprehensive structure (Appendix Ill) was formulated,
incorporating relevant literature. This investigation was carried
out through street interviews, university interviews, and online
surveys.

Some questions were found to be less valuable

and will be excluded in the next version of the o o .
interview. However, certain questions proved to As of 05/04/2023, a total of 22 individuals participated in the

be insightful, particularly those that explored the interviews, and the raw data can be found in Appendix V. From
symptoms of fatigue in a chronological order. the analysis of the raw data, the following insights were

These questions helped shape perspectives and derived:
deepen our understanding.

The term "sleepiness" was the most frequently
mentioned during the interviews.

6%0 < T ‘
meEIN Y-
: CLJ o, /’r/, & s C\ . . . « . .
ok, 'Z;ffo?}s%v% % Lu,{% According to the literature, sleepiness is identified as
,f’%:qsf s e & 7{59_, one of the contributing factors leading to road

(-2
e, 25 S % ? .
N, F0,, %“ “es ’z/% > &
g e L Ig,rz«}%?%_ Sl 3 %s accidents.
% G o’e‘d/"s

!Q I’t%"e :O‘/r 21T
/ "98 %{ *"rée/""pe ‘32. /l"”s’; . . . o o
heSin T Lk, Y a e The interviews revealed that individuals
e % "o, e 5 S . . .
el -9 % - ; perceive sleepiness or a loss of concentration
Sl %;j;%"ze &\Q,( N . .
A T as a sign of their own fatigue.

Prior to conducting the interviews, it was my belief
Figure 9: The street interview, the hand writing from that individuals mlght not be able to clearly indicate
participants when they feel fatigued.
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REFINING FATIGUE

However, most interviewees were able to recognize
and acknowledge their fatigue, leading them to stop
driving. This self-awareness can serve as a fatigue
threshold in my future research.

The interviews indicated that individuals tend to
experience fatigue after approximately 2 hours of
continuous driving.

Based on the interviews, it was found that 70% of
individuals reported experiencing cognitive fatigue
initially, while 30% reported experiencing physical
fatigue first.

While | cannot definitively determine the exact factor
responsible for the observed differences, | believe that the
design of the chair may have a minor influence on the
results. One valuable insight | gained from the interviews is
the importance of understanding the sequence in which
these fatigue symptoms manifest.

Participants reported that external stimuli have
a refreshing effect on their fatigue levels.

Individuals tend to take certain actions when they
perceive themselves to be fatigued. These actions
can include singing a song, chewing gum, drinking
coffee immediately, or simply enduring the fatigue
for a short period of time.

2.4 FRAMEWORK 3

During the interviews, drivers described fatigue using
symptoms such as sleepiness and soreness. The IPADD
chair, designed by IPADD, aims to alleviate these
fatigue symptoms by reducing the risk of pressure sore
pain. Maintaining a static posture can decrease blood
flow in local muscles (McGill, S. M., Hughson, R. L., &
Parks, K., 2000). However, Bongers and Boshuizen
(1990) demonstrated that seat vibrations could lead to
neck, shoulder, and lumbar pain.

To determine if the IPADD chair's function is similar to
that of seat vibrations, it is reasonable to focus on the
fatigue symptoms. It is crucial to define which
symptoms should be selected as measurable indicators.
Nilsson, T., Nelson, T. R., & Carlson, D. R. (1997b) have
provided a comprehensive list of all driving fatigue
symptoms. Additionally, it has been discovered that
these various symptoms exhibit different relationships
with time and incidents (refer to figure 10).
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REFINING FATIGUE

The symptoms in Cluster | and Il show a linear
increase over time. Additionally, during the
interviews, several symptoms were mentioned.
Therefore, the common symptoms observed in
both Cluster | and Il, as well as those mentioned
in the interviews, were selected as significant
indicators. These symptoms include sleepiness,
sore limbs, backache, headache, numbness, and

stiff muscles.
50 Cruster 1 [
50 - -
~ a0} -
*
N
(1]
Q 30 -
=
w T N N N A B R |
Q 20 L f
o 1 v
=
- ) -\/\/
10 |~ 10
T T T T N O T T L1 L1 1 1§ 1 11
180 140 100 60 20 S 180 140 100 60 20 S

TIME BEFORE STOPPING (min)

Figure 10: Mean occurrence ratings of various groups of
physical symptoms as a function of driving time. (A) Cluster
I: sore feet. Tired eyes and feeling drowsy. (B) Cluster II:
backache. headache, chill. Stiff muscles and numbness. (C)
Cluster lll: ears ringing, upset stomach, and dizziness. (D)
Cluster IV: tension, parched throat, clammy hands, heart
pounding, and flushed face.

ortand discomfort and the relationships with objective measures

Comfort/Di
scomfort

Facial
recognitie

emotion

Fatigue's
symptoms

Reaction
time

-

kkkkkkkk

Figure 11 Framework 3

Framework 3 (Figure 11) has been developed based
on fatigue symptoms and potential influencing
factors. The measurements employed in this
framework are not solely focused on fatigue
symptoms but also encompass other factors such as
(dis)comfort and emotion, which have an impact on
the observed symptoms. These symptoms are
considered as outcomes resulting from the interplay
of these three factors during simulated driving (Shang
et al., 2022). Emotion, as proposed by Shang et al.,
influences fatigue symptoms, with some drivers
experiencing anger and sadness leading to decreased
concentration.
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REFINING FATIGUE

Moreover, Smith, J., Mansfield, N. J., & Gyi, D. E. (2015)
concluded that musculoskeletal fatigue is correlated
with discomfort scores obtained through the Visual
Analog Scale (VAS). Additionally, Lecocq, M et al. (2022)
suggested that neuromuscular fatigue could also
contribute to an increased perception of discomfort.

The relationship between fatigue and discomfort is
complex. However, discomfort can be perceived as a
manifestation of fatigue, similar to the symptoms
themselves. A study by Yamada K. et al. (2022) and Van
Damme, S., Becker, S., & Van Der Linden, D. (2018)
demonstrated a temporal relationship between pain and
fatigue. Additionally, Fishbain et al. (2003) reported a
potential association between pain and fatigue.

The pink stickers (Figure 11) represent the
measurement method employed in this study. Heart
Rate Variability (HRV) has been shown to be capable of
detecting emotions based on various factors, as
demonstrated by Wang, C., & Wang, F. (2012) and Choi,
K. etal.(2017).

HRV can also reflect individuals' health, particularly in
relation to fatigue, as highlighted by Escorihuela, R. M. et al.
(2020). Emotion can be measured using different methods,
such as the Self-Assessment Manikin (SAM) developed by
Bradley, M. M., & Lang, P. (1994), as well as facial
recognition techniques. Facial recognition studies often
focus on the drivers' eye and lip movements, particularly
the PERCLOS metric, which indicates levels of sleepiness
and is utilized for predicting fatigue/sleepiness, as noted by
Alioua, N., Amine, A., & Rziza, M. (2014) and Zhou, F. et al.
(2020). (Dis)comfort measurement is primarily done
through the use of the Visual Analogue Scale (VAS).

However, in other studies, reaction time has been proposed
as a potential method for assessing discomfort and fatigue,
as mentioned by Smith, J., Mansfield, N. J., Gyi et al. (2015).
It is important to note that the mentioned measurement
methods are not exhaustive, and a comprehensive list will
be provided in the following chapter.
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FORMULATING POLIT TEST

This chapter aims to outline the formulation A ; P WimTinke was
of the pilot test. The central focus of the test EMG machine Box ' " ’

involves identifying the most effective
method for measuring fatigue symptoms. e 2
Therefore, it is crucial to evaluate and recerdins wave NG <

compare various measurement approaches. ; V 2 ‘
Additionally, this chapter will address the
other necessary settings for the test.

3.1 POLIT SETTING

ENVIRONMENT

IPADD’s prototype Mat with
1 was there pressure distrubition cells

The pilot test was conducted at the Multisense
lab, located at TUDelft. The lab provides space to
carry out the test effectively. Figure 12 illustrates
the positioning of the settings and participants,
namely Wim Tinke, myself, and the EMG monitor.
The HRV monitor will be implemented through a
dedicated mobile application on my phone.

E o

Figure 12: The environment of the pre-pilot test
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FORMULATING POLIT TEST

MEASUREMENT

The chosen measurement methods for the project
include EMG, VAS, KSS, and HRV. These methods
were selected based on the literature list provided in
Appendix |, which outlines standardized approaches
for assessing fatigue and (dis)comfort in a driving
context. Table 1 in the appendix highlights the
advantages and drawbacks of each method.

These measurements are utilized for assessing the
symptoms mentioned in the fatigue frameworks
(refer to Figure 13). HRV is capable of detecting
sleepiness and reflecting stress levels, while VAS is
employed for evaluating discomfort in various body
parts. EMG, as a physiological measurement, is
combined with VAS to provide a comprehensive

interpretation of the results.

Table 1 Comparison of measurements

Measurement

Advantages

EEG It is hard to control what people think
during the experiment, the EEG only
shows active area. the researchers need
to find reasons why they are active.

EMG It is hard to confirm the reason why
these areas are active, the researchers
need to find reasons.

PERCLOS X it can only measure sleepiness

VAS It is subjective scoring of discomfort or
fatigue.

KSS It is also a subjective scoring of
sleepiness.

HRV It can as a fatigue measurement but it is

also influenced by emotion.

The signal shows clear the active area in
the brain, it is a physiological
measurement.

It is a direct physiological measurement
of localized muscle fatigue.

It is a direct physiological measurement.

It is direcly from drivers' perspectives.

It is direcly from drivers' perspectives.

The signal shows clear the active area in
the brain, it is a physiological
measurement.
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3 FORMULATING PILOT TEST

EMG AND HRV
HRV
Sleepiness
—\ In the pilot test, the lumbar part was selected since backache is
e self- also the fatigue symptom in the VAS, which can help to interpret
Sore limbs —__ . reported  Emotion the EMG. The multifidus muscles(Zhou, F. J., Li, H., Song, G., &
g Wang, L. 2016) are selected in this pre-pilot test because the
Fatigue's muscle reflects the low back pain and backache. (Figure 14) The
symptoms j commercial portable wireless EMG recorder is Biometrics
Backache Datalog. Moreover, the HRV is Scosche Rhythm 24+, and the
recorder monitor is two apps: Rhythm Sync and Elite HRV. They
T, EMG are both for connecting the Scosche Rhythm 24+ to Elite HRV,
— Elite HRV for recording data, and Kubios HRV Standard for
analyzing the data from Elite HRV. Participants need to wear
Numbness Sosche Rhythm on their arms.( Figure 14)
Stiff
muscles
Figure 13: Measurement and Symptoms
SETTING

Due to time constraints, the development of the chair has
not been completed. As an alternative solution, a
prototype of the chair in the form of a mat will be tested.
The mat focuses on distributing pressure specifically on the
buttock area. According to Vergara and Page (2002),
adjusting one's posture every 5 minutes can help reduce
blood pressure. Therefore, the IPADD mat facilitates micro
movements, with pressure distribution intervals lasting for
3 minutes.

Figure 14 Right :The muscle where EMG electrodes placed,Left
one: Sosche Rhythm 24 band on participants’ arm



IPADD Design a mockup to research IPADD seat in luxury car

3 FORMULATING PILOT TEST

3.2 RESULTS
PROCESS
The implementation of the test posed challenges due to the First, HRV, EMG, and VAS data were analyzed separately,
multiple tasks involved. However, with the valuable participation then the findings were combined.

of Wim Tinke, who helped to control the pressure distribution
during the Pilot test. The detailed flow of the test can be found
in Appendix VII, while Figure 15 provides a graphical HRV
representation of the test progress for better understanding.

To gather subjective feedback, self-report Visual Analog Scale
(VAS) and Karolinska Sleepiness Scale (KSS) were used, and the
corresponding tables can be found in Appendix VI. Additionally,
an emotional self-assessment interface (Appendix VIII) was
provided to allow participants to select the most suitable facial
expression to describe their current mood. Participants were
able to choose their emotional state during the testing period
(sitting time).

The raw data can be downloaded from the zip files. HRV (heart
rate variability) is a measurement used to understand the balance
between the parasympathetic and sympathetic systems. Heart
rate variability refers to slight fluctuations in the time between
heartbeats. It can indicate health problems in the long term, such
as heart disease, among others. Additionally, it can provide
insights into mental health issues like sleepiness, anxiety, and
depression.

Generally, there are two domains used for analyzing HRV: time
and frequency (Table 3). In the time domain, various
measurements are considered (Table 2).

Self-report VAS/KSS

Paticipants

,
i
|
|
|
1
h
'
i
Wear the EMG :
H
|
! 1
! 1
|
Prepare the EMG ! @ Prepare next Variable Units Description
| h Statistical measures
. ' 1

without PD w"fh Eress'ure without PD
Distribution

with Pressure
Distribution

Table 2 HRV time domain measurement

and HRV band

NN50 count Number of pairs of adjacent NN intervals differing by more than 50 ms in the entire recording.
Three variants are possible counting all such NN intervals pairs or only pairs in which the first or
the second interval is longer.

pNN50 % NN50 count divided by the total number of all NN intervals.

1 1 1
PS ' ! | | '
! : 1 ' i ’ j SDNN ms Standard deviation of all NN intervals.
! [ ' i . i i SDANN ms Standard deviation of the averages of NN intervals in all 5 min segments of the entire recording.
| Test Starts ' H ! Test End ' RMSSD ms The square root of the mean of the sum of the squares of differences between adjacent NN
X | ! ' I intervals.
: ! i ! . SDNN index ms Mean of the standard deviations of all NN intervals for all 5 min segments of the entire recording.
' 1 , ' ! SDSD ms Standard deviation of differences between adjacent NN intervals,
' ! '
e e : e s
| | ' i i
0 ! ' 1

00:00 00:45 1:00

Figure 15 The process of the pre-pilot test
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Kubios HRV Standard is utilized to obtain these time and
frequency factors. Yugar, L. B. T. et al. (2023) have introduced
Kubios HRV Standard as a research measurement tool. In our
case, we specifically focus on the activity of the parasympathetic
and sympathetic systems because their balance reflects the
short-term condition of individuals.

Table 3 HRV frequency-domain measures.

r Unit Description

2

ms Absolute power of the ultra-low-frequency band (<0.003 Hz)

2

ms Absolute power of the very-low-frequency band (0.0033-0.04 Hz

Hz Peak frequency of the low-frequency band (0.04-0.15 Hz)

2

ms Absolute power of the low-frequency band (0.04-0.15 Hz)

nu Relative power of the low-frequency band (0.04-0.15 Hz) in norn:
% Relative power of the low-frequency band (0.04-0.15 Hz)
Hz Peak frequency of the high-frequency band (0.15-0.4 Hz)

ms Absolute power of the high-frequency band (0.15-0.4 Hz)
nu Relative power of the high-frequency band (0.15-0.4 Hz) in norm
% Relative power of the high-frequency band (0.15-0.4 Hz)

% Ratio of LF-to-HF power

RMSSD is utilized for estimating the short-term components of
HRV (Malik, M., Bigger, J. T., Camm, 1996). It is also used to
assess individuals' health conditions, as lower RMSSD correlates
with fatigue, stress, and increased risk of death (DeGiorgio, C. et
al., 2010) (Shaffer, F., & Ginsberg, J. P., 2017). RMSSD is
incorporated in Kubios HRV Standard and Elite HRV.
Additionally, lower HF power (high frequency) in the frequency
domain is associated with stress, panic, anxiety, or worry
(Shaffer, F., & Ginsberg, J. P, 2017) (Table 3). Moreover, the RR-
interval PSD (power spectral density) in the frequency range of
0.02-0.08 Hz shows a monotonic increase during regular sleep
hours (Chua, E. C., Tan, W., Yeo, S. C., Lau, P,, Xia, F., Mien, I. H.,
Puvanendran, K., & Gooley, J. J., 2012b).

Table 4 HRV RMSSD and HF graph

1t 15 mins 274 15mins 3rd 15mins 4t 15mins
{(with PD) (without PD}) (with PD) (without PD)

Tester 1 of HRV RMSSD - - 71.5ms 56.3ms
and HF

Tester 2 of HRV RMSSD -
and HF

Tester 3 of HRV RMSSD - - 56.6ms 56.1ms
and HF
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Table 5 EMG and mean frequency

Participants 1t 15 mins 2"" 15mins 39 15mins 4™ 15mins
(with PD) (without PD) (with PD) (without PD)

Based on the findings presented in Table 4, the first tester
exhibited high RMSSD and high HF power when pressure
distribution was applied. However, both the RMSSD value and ——————— - o

HF power decreased when pressure distribution was removed. “"\
Similarly, the second tester showed a similar trend as the first
tester. It is worth noting that the second tester's data may be
unreliable due to continuous talking throughout the test. In the
case of the third tester, the initial two HRV and EMG
measurements were deemed unreliable as the tester ran to the
lab. However, the RMSSD value from the third tester did not
exhibit significant differences. Nevertheless, the HF power still
demonstrated distinguishable variations between conditions
with and without pressure distribution.

Tester 2 of EMG MF

Tester 3 of EMG MF
y=0x+17.92 —0x+17.7 y=0x+18.47
y=0x+ii. 18.47

17.92

EMG
VAS WITH EMG & INTERVIEW

The raw data can be downloaded from the zip files, (Appendix
VIIIIEMG was recorderd with a high filter at 2000Hz. EMG can

indicate localized muscle fatigue by mean frequency when the The Visual Analogue Scale (VAS) employed in this study serves as
mean frequency shifts to lower values, which means the muscle a self-report method specifically targeting fatigue symptoms.
experience fatigue(Arendt-Nielsen, L., & Mills, K. I. 1985). From Additionally, during the subsequent interview, participants were
the raw data of EMG unnecessary DC and low frequency were asked to provide an overall assessment of the (dis)comfort level
removed, according to the tutorial from Biometrics associated with the new chair compared to the regular chair. The
Datalog.There is a selection of RMS and Mean Frequency. The scoring system ranged from O to 9, with O indicating no similarity
linear function is the trendline of mean frequency each 15mins, and 9 indicating complete similarity in terms of symptoms
representing muscle fatigue, which the EMG can interpret with experienced.

VAS (backache). Sometimes accidents in recording happen which
leads to drop outs and thereby data loss(Table 5).
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During the sitting time, | asked participants 1 and 3 each 15mins
to answer the VAS form. Participant 2 was busy talking with
others so these data were missing. Participant 1 had a personal
issue: his head was hurt when he was entering the room. The
overall score decreasing might be the reason for sitting is rest.
His self-reported (backache)allocated with the EMG, the
trendline of EMG stopped going downward( K value from -0.01
to 0) during the sitting 30mins (3rd 15mins) to 60mins (4th
15mins).(Table 4 and Table 6)

Participant 3 was running to the room as mentioned before,
according to her description, she experienced a downward of
sitting on the mat. In the first 15mins, her EMG was going down
(k=-0.01), her backache was increasing. (from O to 3). For the
next 15 mins, the VAS backache was at the same level. The EMG
trendline is stable as well( K=0).In the 3rd 15mins, the mean
value of the trendline decreased a bit. However, in the last
15mins, EMG mean value increased a bit, and the VAS backache
kept the same.(Table 4 and Table 7)

The VAS backache and EMG the muscle around the spine have
the possibility of validating each other when they correspond
with each other.

After the sitting test, | interviewed two of participants about
their comfort. Participant 1 said the comfort level of the IPADD
chair (with a mat on the buttock) is 7.5, he said he needs the
lumbar support. The mat with pressure distribution was
attractive, Participant 2 said the regular chair would be 6 and
the IPADD chair would be 7.5, she said the “massage” was
comfortable, but it was not that smart enough. It did not stop
immediately, and the lumbar part and feed needed more
“massage.”

Table 6 Tester 1 VAS

i

Sleepiness
Sore Limbs
Backache
Headache
Numbness
Stiff muscle
Total score

(except
sleepiness)

Table 7 Tester 3 VAS

Sleepiness
Sore Limbs
Backache
Headache
Numbness
Stiff muscle
Total score

(except
sleepiness)

8

6

2

5

0

0

T e I
6 3 5 4

5 4 4 4
1 1 1 1
5 4 4 3
2 1 1 1
3 2 2 2
16 12 12 11

1 5 7 7

0 0 0 0
3 3 5 5
0 3 2 2
0 0 0 0
0 0 0 0
3 6 7 7
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3.2 RESULTS

From an HRV perspective, the new technology has shown
positive results. The vibration from QST induced a sense of
physiological happiness and relaxation in participants, with no
significant change in the emotions of participants 1 and 3,
indicating that their moods did not influence HRV values.
Regarding the EMG data, the duration of vibration and data loss
have led to some uncertainties. However, certain hypotheses can
be drawn: the vibration's impact on muscles tends to lower the
EMG trendline, but the overall trendline remains stable,
suggesting a potential delay in the effectiveness of the vibration
(pressure distribution). The downward trendline typically
indicates natural fatigue, but participants 1 and 3 exhibited
stable trendlines, suggesting that the mat may somehow prevent
the trendline from decreasing. Participant 2, being 65 years old,
might be less affected by the muscle impact of the pressure
distribution.

The test has a problem in that it is difficult to differentiate
the effect of vibration on PD. It is challenging to determine
whether the pressure distribution does not influence the
time duration without DP, especially if the effect of pressure
distribution is not immediate but delayed. The data from the
only three participants do not provide any clues regarding
this issue.

4. IMPROVEMENT

The movement of participants significantly influences the
EMG. Due to the location of the electronic point on the
participants' spine, it may come into contact with the back
part of the seat.

Increasing the sitting time could be a solution, as a longer
duration allows for better differentiation using the recorder.
Due to recruitment difficulties, the pre-pilot test was limited
to 1 hour. However, based on the literature, the duration
should be 1 hour and 45 minutes or 2 hours. Hopefully, in
the formal test, the duration can be extended to 1 hour and
45 minutes or 2 hours.

To compensate for the pilot test's inability to detect
numbness through objective measurement, a method was
implemented to measure the accumulation of blood in the
leg veins and subcutaneous tissue fluid, as suggested by
Saito and Muraki (2016). For assessing stiff muscles, only a
self-reported VAS was used, as pressure distribution does not
significantly help with stiff muscles. Additionally, since the
experiment was conducted by myself, the number of ways to
monitor symptoms was limited.

In conclusion, the following insights were gained:
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The duration should be 1 hour and 45
minutes

The recording for EMG and HRV has a time
limitation, so in the formal test, only the
middle 5 minutes will be recorded instead
of the entire duration.

An observation form needs to be created to
note the micro behaviors of participants.

The chair needs to be replaced with a real
one.

Okino's study (2022) suggests that leg
circumference reflects numbness, and
prolonged sitting causes blood accumulation
in the leg veins and subcutaneous tissue fluid
(Saito and Muraki, 2016). It would be
interesting to add leg circumference
measurements to observe how the chair
affects blood flow.

The flow of formal test settings (Figure 16) should be
modified based on the insights gained (Figure 17).
Additionally, Figure 16 illustrates the formative experiment
setting, and Table 8 presents the list of items required for

future testing.
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Figure 16 The formal test setting will be
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5.1REQUIRED TEST MATERIALS AND

The formal test setup is improved based on the

results of chapter 4. The overall flow has been EQUIPMENT FOR TEST

updated for the formal tests, which consist of four An overview of the test will be described first:
sessions in the time domain. The test includes: a

form that records people's body measurements, an There are 16 people participating in the formal test,
EMG device for detecting localized fatigue and whose ages range between 22 and 80 years old. A
(dis)comfort, a self-report form for fatigue desk was used for placing the screens, steering
experienced symptoms and (dis)comfort, a comfort wheel, and forms. The screen is for displaying a
form, and an interview asking why they chose a video that simulates the drivers' perspective to
specific option. The following text will describe the simulate the driving environment.

overall flow and these sessions in detail.

Participants (22years old -80years old) Participating fee 50 € per person -

Desk 1 - borrowed from Spark
Screen 1 - borrowed from Spark
Steering wheel 1 - borrowed from Spark
EMG device and monitor 1 - Borrowed from TUDelft

Self-emotion assessment Form In Appendix XI Forms

HRV Scosche Rhythm24+ 1 - Borrowed from TUDelft

APP for HRV 1 - My phone

Soft Ruler for leg circumference 1 - Borrowed from
somewhere

The discomfort and Fatigue form for each 4 - In Appendix XI Forms

sessions

The comfort form for each sessions 1 - In Appendix XI Forms

The consent form 1 - In Appendix XII

The checklist 1 - In Appendix X

QST chair 1 Research object From IPADD

Passive Pneumatic Seat 1 Research object From IPADD Table 8 Equipment used in the test
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The steering wheel is used to mimic driving
postures. The EMG device will be attached to four
parts of the participants' bodies: m.Left musculus
pars descendens, m.Right musculus pars
descendens, m.Erector Spinae, and m.Vastus
Lateralis. The HRV device remains the same as in
the pilot test. Due to the confidential contract, it is
hard to present the pictures of the seats.

there are (Dis)comfort and Fatigue symptoms forms.
better: forms had to be completed by the
participants indicate (dis)comfort and fatigue.

Screen

Steering wheel

Participants

HRV
band

QST Chair

EMG Device

According to previous research, the (Dis)comfort
assessment will utilize the VAS form as a subjective
measurement, where participants will score their
(dis)comfort levels through self-assessment. Many
researchers have shown that the VAS is a reliable
method for assessing (dis)comfort (Klimek, L.,
Bergmann, K., Biedermann, T., Bousquet, J., Hellings,
P., Jung, K., Merk, H. F.,, Olze, H., Schlenter, W.,
Stock, P., Ring, J., Wagenmann, M., Wehrmann, W.,
Mosges, R., & Pfaar, O, 2017), consistent with the
results of Pearson's study (Pearson, E. 2009).

Desk

Figure 17 Test settings

Passive Pneumatic Seat
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The form recording comfort allows participants to The body dimensions, including leg circumference,
perceive precise comfort differences between low leg length, upper leg length, upper body length,
different products by switching due to human height, and weight, will be measured while

sensors (Vink, P., 2014). Based on the evidence from participants are sitting on the chair and recorded by
this research, the comfort form must be filled out at researchers.

the beginning of each session so that participants

can clearly feel the difference compared to sitting 5.2 TEST PROGRESS

for a while. Therefore, in this test, participants will
fill out the comfort form at the beginning and at the
end and also while switching chairs.

Measure the

Measure the

leg
circumference

Measure the

leg
circumference

Measure the Measure the

leg
circumference

leg
circumference

leg
circumference

'
'
'
'

'
'
'
'
'
'
'
'
'
'
'
'
'
l
1
I
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1
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THE FORMAL TEST SETTING

The entire process consists of four sessions with two
patterns (Figure 17). Before participants sit on the
chair, they are required to sign the consent form,
which introduces the test overview and informs
them that their personal data will not be used
without their permission. Once they have signed the
consent form, researchers will assist them in wearing
the EMG and HRV devices.

Researchers scrub the skin, place gel on the skin and
than attach the electrodes by adhesive tape, and for
the HRV, the HRV band should be placed on the
wrist. The EMG electrodes need to be properly
attached, and the HRV band should be placed
around the elbow (Figure 18).

Subsequently, participants will sit on the chair and
begin the test based on the assigned patterns. There
are two patterns as mentioned before, In the first
pattern, participants will first sit on the Qumulus
Smart chair (QS chair)(The Brown one) for the initial
30 minutes, then switch to the PPS(Passive
Pneumatic Seat) (The black one) for the following 30
minutes. Then switch again, each 30 minutes is
called session. In the first pattern, there will be 4
sessions.(2hours)

Figure 19 the upper four figures are EMG electrodes are
positioned;the bottom figure is the HRV band placed.
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After each session, participants will fill out the
discomfort and fatigue symptoms form and
emotion self-assessment form to to gain data on
the experience. The data are gathered while sitting
to avoid that memory will play a role.

After the first pattern, the second pattern will be
conduct( Without QS chair for 30mins -With QST
chair for 30mins -Without QST chair for 30mins-
With QST chair for 30mins), participants will first sit
on the Passive Pneumatic Seat for 30 minutes and
then switch to the Qumulus Smart chair. This
second pattern also have four sessions.

During each session, the data of EMG and HRV wiill
be recorded for 5 minutes, starting from the middle
of the session. Additionally, the researchers will
measure the leg circumference between each
session (as indicated by the yellow dots in Figure
18).During each session switch, participants will be
asked to fill out the comfort form.

In the end, as part of the research process, there
was an interview conducted to understand the
reasons behind participants' choices regarding the
comfort score and discomfort score, the questions

from the interview were original from IPADD. This
interview will aim to gain insights into their
preferences and perceptions regarding the chairs'
comfort levels which is required from the company
IPADD. The interview included some general
guestions about the chairs and how the participants
feel while using them.

The interview served as a partially valuable
qualitative component of the research, providing
deeper understanding and context to complement
the quantitative data collected from the forms and
measurements.

5.3 RESULTS

In the end, a total of 16 participants(Figure 19 and
Figure 20) took part in the test, with ages ranging
from 20 years old to 70 years old. The group
consisted of eight females and eight males,
providing a balanced representation.

In the end, a total of 16 participants(Figure 19 and
Figure 20) took part in the test, with ages ranging
from 20 years old to 70 years old. The group
consisted of eight females and eight males,
providing a balanced representation.
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The data analysis will be divided into six key areas:
EMG (Electromyography)

HRV (Heart Rate Variability)

Discomfort Self-assessment

Fatigue symtopms

Comfort Self-assessment

Leg Circumference

The interview are in the Appendix XIV.

Due to the other five areas can make a sufficient
conclusion, in this part, HRV are not going to be
discussed, So by conducting thorough analyses in
these five areas, the research aims to gain a
comprehensive understanding of the participants'
experiences and reactions to the different chairs.
These data will contribute to the overall evaluation
of the Qumulus Smart Seat in comparison to the
non-massage chair, helping to draw meaningful
conclusions about the chair's effectiveness and user
satisfaction.

EMG

Analysis was conducted on four muscle parts
utilizing the mean of median frequency: Right
trapezius pars descendens, Left trapezius pars
descendens , Erector Spinae, and Vastus Lateralis.
Four hypotheses were formulated:

HO: There is no significant difference between QST
technology and without QST technology on Right /

Figure 20 Participants from No.1 to No.10
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Left trapezius pars descendens /Erector Spinae/
Vastus Lateralis by using t-test.

The t-test is a within subject design making paired
comparison possible for the same subject in
different conditions.The paired sample t-test
showed a p-value below 0.05, rejecting HO. (The p-
value shows in the table 9) The data supporting the
t-test for paired samples showing the differences in
localized muscle fatigue in the left m.trapezius pars
descendens between the condition with Qumulus
technology compared with a 'standard' seat
(p=0.002).

During session 3-4 (driving after 1 hour), QST
technology had a significant effect on Trapezius
Left,p value is 0.002 (Table 9) with a strong
correlation of 0.899 indicating that the localized
muscle fatigue was lower in the Qumulus seat
compared with the traditional seat.(Appendix XIII)

Figure 21 Participants from No.11 to No.16

Table 9 Left m. trapezius pars descendens p-value Pairl: 0.941; Pair2:0.002

Paired Samples Test

Paired Differences
85% Confidence Interval of the

Std. Error Difference
Mean Std. Deviation Mean Lower Upper t df Sig. (2-tailed)
Pair1  withQST1+2- -.26625 16.92831 423208 -9.28671 875421 -.063 15 951
WithoutQST1+2
Pair2 WithQST3+4 - Without 6.66937 7.23624 1.80906 2.81345 10.52530 3687 15 .002

QST3+4
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Table 10

Right m. trapezius pars descendens
m. erector spinae
m. vastus lateralis

Trapezius right

p-value Pairl: 0.246; Pair2:0.023
p-value Pair1:0.000; Pair2:0.000

p_value Pair1:0.003; Pari2:0.001

Paired Samples Test

Paired Differences

95% Confidence Interval of the

Std. Error Difference
Mean  Std. Deviation Mean Lower Upper t df Sig. (2-tailed)
23ir1  withQST1+2- 485500 16.07026 401757 -3.70824 13.41824 1.208 15 246
WithoutQST1+2
2air2  WithQST3+4 - Without 557188 8.83003 2.20751 .B6668 10.27707 2524 15 023
QST3+4
Etector spinea Std. Error Dierence
Mean Std. Deviation Mean Lower Upper t df Sig. (2-tailed)
Pair1  WithQST1+2- 30.01688 17.30700 4.32675 20.79463 39.23912 6.938 15 000
WithoutQST1+2
Pair2 WithQST3+4 - Without 3097438 18.13189 453297 21.31258 4063617 6.833 15 .000
QST3+4
Y L i std Error Difference
astusLateralis Mean  Std. Deviation Mean Lower Upper t df Sig. (2-tailed
r1  withQST1+2- 21.23063 23575945 5.89486 B.66602 33.79523 3.602 15 0o
WithoutQST1+2
r2  WithQST3+4 - Without 21.04875 20.355815 5.088979 10.20013 31.89737 4135 15 oo

Q

S5T3+4
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Based on the analysis of Trapezius Right and Vastus
Lateralis, similar to Trapezius Left, the results
suggest that the QST technology's effect becomes
evident over time. In the first two sessions (within 1
hour), there was no significant distinction between
QST technology and without QST technology.
However, during Session 3 and 4, the QST
technology demonstrated a significant impact on
the localized muscle fatigue in both Right m.
trapezius pars descendens and m. Vastus Lateralis
muscles. This indicates that the QST massage
function is more beneficial during longer driving
times (more than 1 hour).Regarding the Erector
Spinae, positive effects were observed for both
Session 1 and 2, as well as Session 3 and 4,
regardless of the time duration.

Trapezius Left Trapezius Right

00
80
== — 80 —
60

Session 1

Session 1 Session 2 Session 3 Session 4 Session 2 Session 3 Session 4

—_—1 ——3 ——5 7 ) 1] —12 —15 —_—1 3 =5 7 —9 11 e—13 —1f

Trapezius Right

———
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Trapezius Left
20
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8 —10

12 ——14
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The QST technology consistently showed beneficial
effects on the m. Erector Spinae muscle in both
shorter and longer driving sessions.

These findings suggest that there is an effect on
localized muscle fatigue in various muscles, which
could be caused by a better blood flow. In figure 22
the effects are shown in graphs.

Erector Spinae Vastus Lateralis

s —— -

Session 1 Session 1

Session 2 Session 3 Session 4 Session 2 Session 3 Session 4

—] 3 ——5 7 e o1l i3 =15 —_—1 3 —5 7 e 1] 13 15

Erector Spinae

ﬁ Plot Area 2 5

Session 1

Vastus Lateralis

—=

Session 2 Session 3 Session4 Session 1 Session 2 Session 3 Session ¢

—_ —g — —_—2 ——i ——§ 8 =10 =12 =——1f =—15

g 1 ———12 =—1 =——I1f

Figure 22 the upper graphes are showing the
participant13579... The lower graphes are shown the
participant 2468..
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COMFORT

Based on the Comfort form filled by participants'
subjective feelings, the analysis involves conducting
a Wilcoxon Test to compare the scores between the
QST technology and without QST technology.

The null hypothesis (HO) in this analysis states that
there is no significant difference between the QST
technology and without QST technology when
evaluating the overall comfort experience. However,
the Wilcoxon test results in a p-value below 0.05,
which means that HO is rejected.

Based on the p-values observed for Session
1+2+3+4 with QST and Session 1+2+3+4 Without
QST, (Table 11) which are greater than 0.05, it
suggests that there is no significant difference
between the QST technology and without QST
technology in terms of comfort.

Table 11 Comfort Wilcoxon Test P-Value: 0.619

However, the mean value of Session 1+2(7) with
QST and Session 3+4 (7.25) with QST shows more
comfortable than without QST(6.94 and 6.81).
(Appendix XIII), according to the participants'
subjective evaluation which mentioned that the
hardness and dimension of the seat can significantly
influence participants' comfort perceptions. Given
that the QST seat is harder than the PSS (Black
seat), these factors might indeed have impacted the
participants' comfort experience and contributed to
the lack of significant differences observed in the
comfort form scores.

Considering these factors, it may be challenging to
draw a clear conclusion about the comfort
difference solely based on the subjective
perspectives of the participants. Additional factors,
such as the seat settings and individual preferences,
could be influencing the overall comfort experience
and need to be considered.

Test Statistics®
Without1 + Ranks
2+3+4 - With Sum of
QST1+2+3+4 N Mean Rank Ranks
b Without1 + 2+3+4 - With Negative Ranks 162 13.00 209.50
Z - 447 QST1+2+3+4 b
Positive Ranks 11 15.32 168.50
Asymp. Sig. (2-tailed) 619 — =
a. Wilcoxon Signed Ranks Test Total 32

h. Based on positive ranks.

a. Without1+ 2+3+4 < With QST1+2+3+4
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DISCOMFORT

The Wilcoxon test results are presented in Table 12,
providing insights into the potential impact of QST
technology on participants' perceived discomfort in
different body regions.Regarding the lower back, the
results indicate that the QST technology seat has a
positive effect, with a p-value of 0.035 observed
during Session 3 and 4. This suggests that the QST
technology helps decrease perceived discomfort in
the lower back area during longer driving sessions.

The analysis method used for EMG is also applied to
assess whether QST technology helps decrease
perceived discomfort in various body areas (low
back, buttock, mid back, thigh, and upper back). The
hypothesis is stated as follows:

HO: There is no significant difference between QST
technology and without QST technology in
participants' perceived discomfort.

Table 12 discomfort Wilcoxon test

Ranks

Test Statistics” N

Sum of

Mean Rank Ranks
\MlhoumSTl +2- Negative Ranks 4 7.63 30.50
Lowerback WithoutQST1 Without winasTI Positive Ranks 1t 8.14 89.50
+2- QST3+4 - Ties 1°
withQST1+2 WithQST3+4 Total 16
Z 1 ?Dob 2 1 []Sb Without QST3+4 - Negative Ranks 3¢ 317 9.50
- - WithQST3+4
: . Positive Ranks 8* 7.06 56.50
. f
Asymp. Sig. (2-tailed) 089 035 Ties ’
Total 16
Ranks
8 it
Test Statistics” N Mean Rank Ranks
WithoutQST1+2- Negative Ranks i 7.25 4350
Buttock WithoutQST1 Without winasT2 Positive Ranks L 5.75 34.50
a2 QST3+4- e v
WithQST1+2 WithQST3+4 Toral 10
X . 3550 .747¢ m:gtg%snu - Negative Ranks 54 6.00 30.00
. . 1 +4
Positive Ranks 7 6.86 48.00
Asymp. Sig. (2-tailed) 422 473 Ties 4f

Total
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Table 12 discomfort Wilcoxon test

Test Statistics”
WithoutQST1 Without
MidBack +2- QST3+4 -
withQST1+42  WithQST3+4
z -1.956° -2.716°
Asymp. Sig. (2-tailed) 050 007
Test Statistics”
WithoutQST1 Without
Neck +2- QST3+4 -
WwithQST1+42  WithQST3+4
z -1.208° -716°
Asymp. Sig. (2-tailed) 194 472
Test Statistics”
Thight WithoutQST1 Without
+2- QST3+4-
WIthQST1+2  WIthQST3+4
z .000® oog®
Asymp. Sig. (2-tailed) 1.000 1.000
Test Statistics”
WithoutQST1 Without
+2- QST3+4 -
Upper back withQST1+2  WithQST3+4
z -1.535° -933°
Asymp. Sig. (2-tailed) 125 351

Ranks
Sum of
N Mean Rank Ranks
WithoutQST1+2 - Negative Ranks 2 7.25 14.50
withQST1+2 " b
Positive Ranks 10 6.35 63.50
Ties 4
Total 16
Without QST3+4 - Negative Ranks ¢ .00 .00
WithQST3+4 : .
Positive Ranks 9 5.00 45.00
Ties 7
Total 16
Ranks
Sum of
N Mean Rank Ranks
NithoutQST1+2 - Negative Ranks 4 463 18.50
NthQST1+2
Positive Ranks 7° 679 4750
Ties 5°
Total 16
Nithout QST3+4 - Negative Ranks 4 7.50 30.00
+
. Positive Ranks 8* 6.00 48.00
Ties 'y
Total 16
Ranks
Sum of
N Mean Rank Ranks
WithoutQST1+2- Negative Ranks 67 550 33.00
T1+
el Positive Ranks 5 660 33.00
Ties 5°
Total 16 |
Without QST3+4 - Negative Ranks 44 450 18.00
WithQST3+4 e
Positive Ranks 4 450 18.00
Ties gf
Total 16
Ranks
Sum of
N Mean Rank Ranks
WithoutQST1+2 - Negative Ranks 12 5.00 5.00
; 1
WilnesT1 =2 Positive Ranks & 383 23.00
Ties 9°
Total 16
Without QST3+4 - Negative Ranks 24 425 8.50
WithQST3+4 [ . [
Positive Ranks 5 3.90 19.50
Ties of
Total 16
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Also p-value is 0.50 and 0.007 of session 1,2 and
3,4 in Mid back. Which means that the QST have
the most effect for Mid Back area.

However, no significant difference was found for
perceived discomfort in the buttock area between
the QST technology and without QST technology
seats.
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On the other hand, the QST technology seat
demonstrated a positive function on the mid back
and lower back, indicating a reduction in perceived
discomfort in these regions.

These findings contribute to understanding the
specific areas where the QST technology seat is
most effective in decreasing perceived discomfort
during driving.
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Figure 23 the right graphes are showing the participant13579... The left graphes are
shown the participant 2468..
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Regarding the lower back, the results indicate that
the QST technology seat has a positive effect, with
a p-value of 0.036 observed during Session 3 and 4.
This suggests that the QST technology helps
decrease perceived discomfort in the lower back
area during longer driving sessions.

However, no significant difference was found for
perceived discomfort in the buttock area between
the QST technology and without QST technology
seats.

FATIGUE SYMPTOMS

The analysis method used for EMG is also applied to
assess whether QST technology helps decrease
fatigue symptoms(The hypothesis is stated as
follows:Backache, Stiffness muscle, Sleepiness,
Headache, Sore Limbs, Numbness. )

The QST did not show a positive effect on
experienced fatigue based on p-value from
Wilcoxon and t-test (Appendix XIlII).

On the other hand, the QST technology seat
demonstrated a positive function on the mid back
and lower back, indicating a reduction in perceived
discomfort in these regions.

These findings contribute to understanding the
specific areas where the QST technology seat is
most effective in decreasing perceived discomfort
during driving.

LEG CIRCUMFERENCE

The leg circumference was recorded at beginning of
the test, after each session and in the end. It could
be that due to the massage the blood flow is
improved. As a result the leg circumference could be
lower after the QST seat. However, no significant
differences could be found in Both Wilcoxon and T-
test.

The result appears that the current data did not
show a significant difference between the two
conditions in terms of the sum of the A session
values.
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Table 13 Test Overall
[Measurement ——[Part | Wethod | QST seat positive effec}
EMG Left m. trapezius pars descendens T-test 1 hour later

However, the correlation analysis( The significant
value is below 0.05) between with QST and without Right m. trapezius pars descendens 1 hour later
QST indicates a linear relationship, suggesting an

m. Erector Spinae v
improvement in blood flow. This improvement is not :
solely attributed to the massage from when the QST m. Vastus Lateralis 1 hour later
isin used, and the exact reason behind the Perceived Discomfort Lower Back Wilcoxon 1 hour later
enhanced blood flow needs further investigation. Bl x
Mid Back v

To fully understand the factors influencing the blood Neck x
flow improvement, additional research may be Thight x
required to explore other potential variables and UpperBack x
factors that could play a role in this observation. Perceived Comfort Overview Wilcoxon x

Leg circumference Leg Wilcoxon X

(Blood Flow)

Fatigue Symptoms All symptoms Wilcoxon & X

T-test

5.4 CONCLUSION HRY
It was interesting to see that the discomfort in the Figure 22 illustrates the positive effects of QST technology in a
lower back region reduced while using the QST active visual manner. EMG analysis demonstrates that the neck, back,
and at the same time the EMG of the lower back and leg areas display positive effects due to QST. Additionally,
muscles show significantly less localized muscle the cells embedded in the backside of the chair and the seat
fatigue. This indicated that subjective and objective parts indicate their effectiveness in preventing fatigue as per
data are in alighment with each other showing the the EMG results. However, these EMG results might not be
positive effect in this region.Low back pain is one of strong enough to definitively signify a reduction in discomfort.
the most common problems in humans and a system Therefore, some hypotheses have been formulated to explain

having a positive effect in this region is very welcome. the potential causes behind these outcomes.
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. m.trapezius pars 3
4 descendens 2 .ll-tl'allﬂl'lls pars
- 4 " descendens
[ & h 4 {
IS / \
: - (
4

| m.Erector Spinae g v -
o B tracteuseiess FVIEW Figure 23 The overview of test
Ea 7 § i i . m.Vastus Lateralis : n . reSUItS

. Lower back
The QST seat is not entirely identical to the PSS seat; Overall, these results show that the QST seat has a
notable differences exist in terms of texture and beneficial effect in preventing fatigue. However, due to
hardness. As perceived discomfort is subjective, these the differences in the test objects (hardness and
variations in hardness and texture significantly textures), issues arise when evaluating comfort and
influence people's perceptions. This influence on discomfort. Despite this condition, the QST seat still
perceived discomfort is reasonable, given the exhibits superior performance in terms of backside
subjective nature of the assessment. The Wilcoxon discomfort.

results from leg circumference demonstrate that the
QST seat has a positive influence on blood flow over
time.
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5.5 DESIGN PROPOSAL.

Based on the results from the previous chapter, certain
design implications become evident. The QST technology
on the backside has an effect on the shoulder and back
areas, even with the upper leg areas. However, users are
unable to recognize the functions in the shoulder,
buttock, and leg regions. Here are further design
suggestions:

1. The buttock section of the seat is firm; reducing this
firmness could potentially result in a higher comfort
score with QST.

2. The backside area of the QST can be made larger, and
the simulation could be intensified.

3. The simulation for the buttock area of the seat can be
enhanced.
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ar ¢, Walter Talamontic, L
ouis Tijerina ¢, Baiying Lei
d

Publish Year Participants

Apr-18 21

Mar-12

Thresh of defination fatigue

increased EEG algorithm
( +a)/B was an effective
indicator for detecting
rivers’ fatigue (Jap et
al., 2008). Therefore, this
ratio was chosen as a
factor that assessed
drivers’ fatigue state.

20 drivers for simulated

driving; 14 people for real VAS measure to define

drive

15 healthy students
participated

Jan-17

Oct-22 x

May-15 x

Mar-10

2022 Dec 12 21(mean age)

2015 Feb 4

1 June 2020

the results

KSS &

ERA definition+heart PER(

Fatigue is different from
normal experiences such
as tiredness or sleepiness

alpha,beta and theta
25 bands

VAS+EMG

12 VAS scoring

20 PERCLOS data

Instrument Body Part Investigation Duration

EEG Head 60 mins

VAS for fatigue(self
report) and
Last one hour

sleepiness,ILC Whole body(self-report)

KSS+Fus Head 3h

ERA+heart rate PERC ERA+heart rate sensor+

X X X
. The EEG data was
recorded with 16
bit quantitation
at1024 Hz +Driving
performance index
(ROR! and LSV)

Head+simulated driving
error measture 3h

soft-51, firm-52 and

EMG+ suspended-S3 + 8 muscle 3h
Posture when driving,

VAS body body parts,Driver

discomfort performance, reaction

assessment time,discomfort 60MINS

Eves

Environment setting

simulated driving environment

The VIRTTEX (VIRtual Test Track
EXperiment) driving simulator
(see Blommer & Greenberg,
2003; Grant, Artz, Greenberg &
Cathey, 2001for details) was
used in the study to collect data

Method

we only compared the
ILC for the last hour of
each drive, instead of
the possible 2 h. Before
starting to drive and at
the end of each lap
(i.e., every hour),

There are eight
conditions in the
experimental session
and each of them
includes arace of 2
laps.

including
sociodemographic
factors for associations
between fatigue and
perceived

stress in the general

X
Simulated driving
enivormnet, asking
people to finish tasks
within 3hrs, with EEG
and task finished error

as the measturements.
ASK partcipants join

different
experiment.Every
twenty minutes, ask
they discomfort score.

Results
In this study, the
psychological and
physiological data
confirmed that the 60-min
prolonged monotonous
driving task successfully
elicited driver’s cognitive
fatigue, indicating an
underload state (Desmond

We can conclude that the
index of NASA_TLXis
positively correlated with
stimuli frequency
(p=0.6939).

EEG/error,simulated driving
is different from real
driving, the vigilance

uverail, our resuits
demonstrated that $3 could
be considered as the most
suitable seat to delay
discomfort and NMF
software (XPI Simulation)
allowed both steering and
pedal inputs and provided
visual (Samsung 50" 1080p
Screen) and audio outputs
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APPENDIX | METHODOLOGY CONCLUSION (HAVENT
FINISHED YET)

LungLe

Lisunung
Evaluation: Comparison of
Reported Discomfort between a
Concept Elevated Driving
Posture and a Conventional
Driving Posture

Heart Rate Variability Can Be
Used to Estimate Sleepiness-
related Decrements in
Psychomotor Vigilance during
Total Sleep Deprivation

Feelings and strategies of senior

drivers:ways of coping with fear
?

Jordan Smith*, Neil
Mansfield, Diane Gyi

Eric Chern-Pin Chua,
PhD,1 Wen-Qi Tan,
BEng,2 Sing-Chen Yeo,
BSc,3 Pauline Lau, BSc,1
Ivan Lee, BSc,1 Ivan Ho
Mien, BEng, MBBS,4
Kathiravelu Puvanendran,
MBBS, MRCP, FRCP,
FAMS,3 and Joshua J.
Gooley, PhD1 2012 Mar 1

Béatrice Cahour

2015 20 VAS scoring

12 Interview

Recording and
coding

FREITEE Y
parts,(left shoulder, right
shoulder, upper back,
middle back, lower back,
buttocks, left thigh, right
thigh, right ankle

People's words

half an hour

Interview 12 people
from paris, ask them to
describe their emotion.
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APPENDIX Il STREET INTERVIEW INITIAL VERSION RAW MATERIAL

This interview is a preliminary step toward conducting a formal interview that
aims to address the research questions: "What is fatigue?" and "How can
fatigue be measured?" At this stage, the goal is to gather quick insights from
drivers regarding how they personally perceive fatigue. This input may serve
as a preliminary threshold or indicator of fatigue for future steps. Seven
people joined the interview, they shared their perspectives below:

low tesstone To fhe poor iy quallf
ovd wugle Pain aconalafad iy
L Sedertoviness

wgm sitig pefuteadyastiment

Znd_

wist

=8
Vg

I want to adjust the body to make
myself feel comfortable. It is hard for
me to say which comes first, drowsy
or waist discomfort. My waist is the
problem that people

"Half an hour (No much experience
on driving)"

"If | feel fatigue, which means | fall
asleep, When it happens, | will stop to
have a coffee"

I feel | am tired after 2 hours, | feel drowsy, then | feel
uncomfortable, when | feel fatigue, | will open the window
and smoke for a while. If | feel my butts uncomfortable, | will
move a bit to adjust the position. | cannot say the drowsy
comes first or butts uncomfortable comes first.

| use my right leg to control the break, | feel that my
leg has something wrong, | also feel drowsy,
however, | think there is no any connections
between drowsy and uncomfortable on body.
Before my waist has some problems, | firstly feel
drowsy, then waist was uncomfortable, Now, my
waist now first uncomfortable, the uncomfortable
keeps me feel awake!

| feel fatigue till 2 hours, | feel drowsy, | will somke
to keep awake.

| cannot really concentrate after | drive for 4-5
hours, the long sitting and concentration
makes me feel fatigue, | think the physical and
mental influence is hard to define, (half and
half?), normally, | feel that | cannot concentrate
means fatigue, | maybe choose to stop and
change another person to drive,

Fatigue
Fatigue is afeeling of weariness, iredness, or lack of eneray.

Considerations

Fatigue is diferent rom drowsiness. Drowsiness is feeling the need to sieep. Fatigue is a lack of energy and motivation. [
feeling of not caring about what happens) can be symptoms that go along with fatigue.

Fatigue can be a normal and important response to physical activity, emotional siress, boredom, of lack of seep. Fatigue
andits usually not due to a serious disease. But it can be a sign of a more serious mental or physical condition. When fa
enough sieep, good nutrition, or a low.stress environment, it should be evaluated by your heaith care provider.

Physical

Boredom
activity

Discomfortable:

Perceived cognitive discomfort
(Drowsy, cannot focus or
concentrate)

T

Synonyms of fatigue >

1 a:LABOR

b : manual or menial work (such as the cleaning up of a camp area) performed by
military personnel

c fatigues plural : the uniform or work clothing worn on fatigue and in the field

2 a :weariness or exhaustion from labor, exertion, or stress

b : the temporary loss of power to respond that is induced in a sensory receptor (s
RECEPTOR sense a) or motor (see MOTOR entry 2 sense 1) end organ by continu
stimulation

¢ : a state or attitude of indifference or apathy brought on by overexposure (as to .

Fatigue definition and
meaning | Collins

repeated series of similar events or appeals)

super PAC supporti

Describe
yourself

Drowsy
sleepniess

Time

Physical discomfort, lumbar
part, thight uncomfortable

»

Perceived
Fatigue

v
v

vV

Clinton launched within days of Barack Obam

physical

fatigue

Choose word to
define fatigue.

«-  Rough interview

conducta
street

«= question list

When do you feel fatigue during driving situation?
How do you realize yourself or how do you define

yourself "feel fatigue"?

Are you more likely to feel hard to keep mind clear to finish the
driving tasks or feel more discomfort of the physicals things?

Which road makes you feel fatigue (Drowsy) or excited
or scared?

What do you usually think or consider when you feel fatigue
in the car?

What actions you will do when you feel fatigue or
uncomfortable during driving?

Can u image how you will be when you feel fatigue
in the car? Facial movement, mental
movement,etc?

fatiguefl—

HHREED

objectivesk
20

Theshold

Literature
support

Write a
question
list to peter

how scale you agree,
X change it into a state.
- (easy to answer)

driving
experience
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! APPENDIX 11l STREET INTERVIEW VERSION 2
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IPADD

APPENDIX IV STREET INTERVIEW VERSION 2
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! APPENDIXYV RAW MATERIAL OF INTERVIEW

01

F50+ No 37y

Sleepy, left leg
inative

Sleepiness and
Impatience

2hr

Impatient

Move the hip and
adjust the sitting
posture slightly
but frequently,
and strench left
leg.

117z

130+ no 8+y

settired and bored.
specially when driving on
highway for

ommuting purposes, it's
asy to get bored

2
Jrowsy/sleepiness

leepy mainly, | feel unexcited,
luggish, and unable to concentrate.
€

nis kind of moment, | just want to
top the car or at least talk with
omeone because | know it could be
xtremely dangerous if | continue
Iriving

-1.5hr

usually realized that I should stop
Iriving. | don't feel emotional about
nis because it's normal

‘est, talking, singing to some
ausic. These measures have
liminishing effectiveness in
ghting fatigue

20 Im

Wait
to fill

02

M 40+ Diabat 25y

Less
concentrate,sun
make eyes closed

2134
Sleepiness
2hr-3hr
Want to sleep

Stop and have a
coffee,wash face
and walking out
side a bit

12 fengjing

M 20+ no 6ys

Distracted. Mind-wandering,not

easy to focus on the road.

mind got distracted by
other than the raid
informaytion

2-3hrs.

not unhappy, but feel
that | need some rest
at the service area.

Listen to some exciting music
with strong drumbeats, try to
some overtakes, rest at the
service area.

21 Im

Wait
to fill

03

M 20+ No 2y

| will get sleep
driving more that 2
hours, loss focus.

32

Yawning, staring
somewhere

2hr+
Empty mind

Stop the car if
exceed 2hrs,
if stiff joints---I
will move my
body a biton
the seat.

13 Maria

F 20+ NO 2+ys

stiff and fatigue

Tell myself to keep
concentrate

1 will tell myself to
keep concetrate

1 will stop when traffic
light is red, and I will eat
the gun.

04

F 20+ No 5y

Being anxiade and
focused,get headache.
cannot have a break
from focusing

3 headache 2

Headache,misty
feeling

2hr+

No place for
thing any thing

Stop at the gas
station, if possible
switch the driver

14 lychee

05 DEER

M 20+ no 4y

I feel | loss the strength
and tried eyes feel
something wrong, brain is
misty.

2431

"feel fagtiue”
cannot describe

1.5hr

Empty mind

Open the window, eat

guns, move the butt,wasit
and move the leg.

06

M 60+ no 40+

I feel boring

Sleepiness

8-10hrs

How long it will
take to the
destination

Drink coffee and
listen to music

15HTTP

M 20+ cervical spondylosis 2y+

I feel my feet and leg are
really uncomfortable

4321

sleepiness/cannot
concentrate

Think I need to focus on
driving or stop

1 will try to stop the car, if the
body is not comfortable, |
will try to switch people to
drive or just stop at side.

07

M 40+ no 30+y

It depends on weather, |

feel good in the car
anyway, | really like
driving.

Loss concentrate 4

Loss concentrate

3hs

Empty mind

Gas stop, | will drink
something

16 ciaoge

M 65+ no 15+y

| feel tired

2431

I think the
sleepiness

4hrs

did not think about it

i want to stop to have a rest

08 di

M 60+ no 30+y

Feel uncomfortable
with necks, need to
keep adjust the
posture (specially
back part of chair)

3421

tiff Joint

3hs

Think about stop to
rest

Adjust the seat,
move the butt, drink
the water.or stop
use cold water to
wash the face, or
stop the car sleep
for awhile

17Xlao

M 40+ no 15+

I feel so happy when |
am driving,

4312

sleepiness

2hrs.

I want to sing a song or
have arest.

I will drink tea and
coffee, or stop and
have a sleep

09 me

M 20+ no 14y

Feel tired and
sleepiness,
sometimes | will
be angry with the
traffic jam.

2341

Stiff joint

2hs
When time intense, | will feel
unhappy, ifitis not urgent, |
will try to find somethere to
stop. | do not want to die.

1 will play the music and
listen to the novel,
sometimes | will sing,
and make the hurt
feeling to refresh.

18 jiejie

M 30+ no 6+

| feel tired and want to
bend the body on the
chair, concentration loss

waist uncomfortable,
sleepiness, dizzie,
butt uncomfortable.

Sleepiness

2hrs

1 willlisten to the music and
sing a song, i want to sit
straight when my waist is
uncomfortable, I try to sit
closed to the steer wheel, |
will move my body anyway.

10xuedi

M 20+ no 2+y

It makes me feel impatient ar
I cannot focus on the road foi
long time.| am not experience
driver, means | keep a straigh
posture, which makes waist
sour easily.

2341

Cannot focus

2hrs

| want to stop
immediately and have a
rest.

snesation stimulus. | eat
mint candy to stay
conscious or listen to
rock music.

19 zuowen

M 20+ no 6+

I feel tired, eyes strain, and
sleepiness. Sometimes the
butt and leg will feel
paralysis

2, butt/leg
uncomfortable

eye strain,
yawning,
sleepiness

2hrs.

g0 to the service stop
and | will stop and
have a rest.
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APPENDIX VI VAS SELF REPORT & BEHAVIOR RECORD

FORM
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APPENDIX VII DESCRIPTION FLOW OF PRE PILOT TEST

"Jew INOYIIM SUIWG | pue ‘ulede Jew sulwg| pue
(so1nuiw € 42d Ajusns anow s|d 1ew ) 1eWw YaIm SUILIG | IXSU Uy
2w INOYIIM SUILLIG | JUNod 01 “Jawn ayy uado ‘Apeau s| 3uiyrhiang

"POOW J19Y) 9S00YD Wiay)
| ‘S191S9] JO JUOJJ Ul UOIII|3S UOIIOWID JO 3deLIa1ul 3yl Ind ped|'s

‘doyde| auem1yos DN g ayl uadQ "spsnw 39|
\0| 18 9|qIssod SI 11 JI pue 3jasnwi ISIem Y3 e saaxd13s ayr ind'y

'SuIIe MOJ| JO 100 1€ 11 Jeam 0] Wiayl
2 pue pueq ayl 491591 9yl dAID “+Z wYrAyd JO Yy2IMs ayy uadQ's
ge1 A1osuasn|niA Ul Jieyd syl uo suniis uosaad e 3upjse '

"S311IAIIDE JISNW JNOA pue ‘poow JNoA ‘ AYH "24nseaw 0)
U108 24e oM 1eyM IN0Qe SJ9159]1 9y |91 103loud syl ax3npoau| |

dledaud aqg pinoys dn 19s ay ] 1s9194d DA JO a4em1jos sy uado
pue 32e|d 1y31J e ul S9|ged 3yl xew ‘HIAJ JO 3sedlins ayy uadQ

uoneJeda.d



IPADD Design a mockup to research IPADD seat in luxury car

APPENDIX VIII EMOTION EVALUATION FLOW ON IPAD

Emotion evaluation
OK then?
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APPENDIXVIIITESTER 2 DA1 No .2

First
15mins

N SEvsees s W ImWizEBy
n

HRV and

recorder
loss data

EMG

second
15mins

NO
EMG

w G 3 = p—
) osan
= o
couten e atsom ==,
o e o
- 4oy Pt
e
Parasympathetic tone (recovery) Sympathetic tone (sress] -
———_ Ty
seeixl_|y ‘
oS ndec =056 -
e \ .
= o sas o ___7| | ——
NS Indec = 079 e o
shaking. Frequcny
RMSSD _— domain
HRV Analysis Results Page [ Auto-retresh resats = Sample 1
W 3 Anspecren
i M\%M}M ]
: 2L aor fom]
'v,r[lﬂ,,.,wr ,vwn\m,i T’ e T »umuh s o (\ i
e e T \
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APPENDIX VIIII TESTER 3 DATA

RMSSD

First two have no
reference dueto
the tester was
running to the
office

Frequeny
domain

i W 3

r M

HRV Analysis Results

0 mins 15 mins 30 mins 45mins 60mins

Sleepiness

= woa [9

Sore limbs

Numbness

Stiff muscles

Backache E n n
Headache i % % n
F 2 a

CIEY - Y YWY ICCTs € =1
6
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! APPENDIX X CHECKLIST

IPADD Research Form for testing Q5t car seat

| CHECKLIST

[0 theright and left trapezius
. . 3RD PART START
O the lumbar portion of the Erector Spinae
muscle O Ask participant filling (Dis)comfort

BEFORE PARTICIPANT COMING farm

O the Vastus lateralis muscle
O Check the height of the table _ . O Start the HRV (on App)record at the

[0 Fill Leg circumference form middle of 1st part for Smins
[0 Check the screen & other setting

Start the EMGIlon PC) record at the
[0 Check the EMG device & Battery 15T PART START O middle of 1st part for Smins
O Check the EMG software O Ask participant filling [Dis)comfort O Fill Leg circumference form
form
Check the app Elite HRV
ta e on Appjrecaora a e

O PP Start the HRV (on Appjrecord at th
) Check the HRV band middle of 1st part for Smins ATH PART START

O f:iil:lrctilzhszlr‘:tC;E:t ?;] E:E:h{?ursd at the O ask participant filling (Dis)comfort

form

WHEN PARTICIPANTS COMING O Fill Leg circumference form [0 Start the HRV (on Appjrecord at the

. middle of 1st part for Smins
O Introduce the research to participants : b l

0 Start the EMGIlon PC) record at the

O Ask participants sign the consent form 2ND PART START middle of 1st part for Smins
O ask participant filling (Dis)comfort O Fill Leg circumference form
fi
SETTING PREPARATION orm

[0 Start the HRV (on Applrecord at the

middle of 1st part for Smins AFTER SITTING SECTION
O Help participant wear the HRV device .
band on the arm 0 Start the EMGlon PC) record at the O give 50 euro to participants with crash or
middle of 1st part for Smins bank transform

a Help participants wear EMG at
O Fill Leg circumference form
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APPENDIX XI THE FORMS

RESEARCH DATA SHEET FOR LEG CIRCUMFERENCE I I
UPPER LEG
NO:_ AGE: 20+ 30+ 40+ 50+ 60+ OTHER WEIGHT: HEIGHT: LENGTH:
BEFORE SITTING ATFER 15T FD ATFER 2ND FR ATFER 3RD FD FNISH FR
NO:____ . AGE: 20+ 30+ 40+ 50+ 60+ OTHER WEIGHT:
[ I
BEFORE SITTING ATFER 15T B ATFER 2ND FD ATFER 3RD B FNISH FD
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IPADD Research Form for testing Q5t car seat

| DISCOMFORT AND FATIGUE SYMTOPS 1STPART Fp BB

1.How do you feel your Neck?

Mo discomfort at all Extreme Discomfort

0 1 2 3 4 5 6 7 8
2.How do you feel your Upper Back?

9 10
Mo discomfort at all Extreme Discomfort

0o 1 2 3 4 5 6 7 8 9 10

3.How do you feel your Mid Back?

Mo discomfort at all Extreme Discomfort

0o 1 2 3 4 5 &6 7 8 9 10

4.How do you feel your Lower Back?

No discomfort at all Extreme Discomfort

0 1 2 3 4 5 6 7 8 9 10

5.How do you feel your Buttock?

Mo discomfort at all Extreme Discomfort

0 1 2 3 4 5 6 7 8 9 10

6.How do you feel your Thighs?

Mo discomfort at all Extreme Discomfort

o 1 2 3 4 5 6 7 8 9 10

Feel Sleepiness?

Totally not agree Totally agree

o1 2 3 4 5 &6 7 8 9 10

Feel Sore limbs?

Totally not agree Totally agree

o 1 2 3 4 5 6 7 8 9 10
Feel Backache?
Totally not agree Totally agree

0 1 2 3 4 5 6 7 8 9 10

Feel Headache?

Totally not agree Totally agree

0 1 2 3 4 5 6 7 8 9 10

Feel Numbness?

Totally not agree Totally agree

o 1 2 3 4 5 & 7 & 9 10
Feel Stiffness muscles?
Totally not agree Totally agree

o 1 2 3 4 5 6 7 8 9 10
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IPADD Ressarch Form for testing Q56 car seat

| DISCOMFORT AND FATIGUE SYMTOPS 2NDPARTFP ER

1.How do you feel your Neck?

Mo discomfort at all Extreme Discomfort

o 1 2 3 4 5 & 7 8
2.How do you feel your Upper Back?

2 10

Mo discomfort at all Extreme Discomfort

01 2 3 4 5 6 7 8 9 10

3.How do you feel your Mid Back?

Mo discomfort at all Extreme Discomfort

o0 1 2 3 4 5 6 7 & 9 10

4.How do you feel your Lower Back?

Mo discomfort at all Extreme Discomfort

3 4 5 6 7 8 9 10

5.How do you feel your Buttock?

No discomfort at all Extreme Discomfort

o1 2 3 4 5 & 7 8 % 10

6.How do you feel your Thighs?

No discomfort at all Extreme Discomfort

0 1 2 3 4 5 6 7 8 9 10

Feel Sleepiness?

Totally not agree Totally agree

o1 2 3 4 5 &6 7 8 9 10

Feel Sore limbs?
Totally not agree Totally agree

o1 2 3 4 5 6 7 8 9 10

Feel Backache?

Totally not agree Totally agree

0 1.2 3 4 5 &6 7 8 9 10

Feel Headache?

Totally not agree Totally agree

o 1 2 3 4 5 6 7 8 9 10
Feel Numbness?
Totally not agree Totally agree

01 2 3 4 5 6 7 8 9 10

Feel Stiffness muscles?

Totally not agree Totally agree

o0 1 2 3 4 5 6 7 8 9 10
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: APPENDIX XI THE FORMS

IPADD Research Form for testing Q5t car seat

| DISCOMFORT AND FATIGUE SYMTOPS 3RDPART FD ER

Mo discomfort at all

0

Mo discomfort at all

0

Mo di

o 1 2

Mo discomfort at all

0

0

Mo discomfort at all

0

Mo discomfort at all

1.How do you feel your Neck?
Extreme Discomfort

1 2 3 4 5 6 7 8 9 10
2.How do you feel your Upper Back?

Extreme Discomfort
1 2 3 4 5 & 7 8 9 10

3.How do you feel your Mid Back?

scomfort at all Extreme Discomfort

3 4 5 6 7 8 9 10

4., How do you feel your Lower Back?
Extreme Discomfort

1 2 3 4 5 6 7 8 9 10

5.How do you feel your Buttock?
Extreme Discomfort

1 2 3 4 5 6 7 8 9 10

6.How do you feel your Thighs?

Extreme Discomfort

1 2 3 4 5 6 7 8 9 10

Feel Sleepiness?

Totally not agree Totally agree

o 1 2 3 4 5 6 7 8 9 10

Feel Sore limbs?

Totally not agree Totally agree

o 1 2 3 4 5 6 7 8 9 10

Feel Backache?

Totally not agree Totally agree

o 1 2 3 4 5 6 7 8 9 10

Feel Headache?

Totally not agree Totally agree

o 1 2 3 4 5 &6 7 8 9 10
Feel Numbness?
Totally not agree Totally agree

0 1 2 3 4 5 6 7 8 9 10

Feel Stiffness muscles?

Totally agree
g 10

Totally not agree
o 1 2 3 4 5 6 7 8
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IPADD Research Form for testing Q5t car seat

| DISCOMFORT AND FATIGUE SYMTOPS 4THPARTFD m

1.How do you feel your Neck?
Mo discomfort at all Extreme Discomfort

0 1 2 3 4 5 6 7 8
2.How do you feel your Upper Back?

7 10

Mo discomfort at all Extreme Discomfort

0 1 2 3 4 5 & 7 8 9 10
3.How do you feel your Mid Back?

Mo discomfort at all Extreme Discomfort

o1 2 3 4 5 &6 7 8 9 10

4.How do you feel your Lower Back?

Mo discomfort at all Extreme Discomfort

o 1 2 3 4 5 6 7 8 9 10

5.How do you feel your Buttock?

No discomfort at all Extreme Discomfort

01 2 3 4 5 6 7 8 9 10

6.How do you feel your Thighs?

No discomfort at all Extreme Discomfort

o1 2 3 4 5 & 7 8 9 10

Feel Sleepiness?

Totally not agree Totally agree

0 1 2 3 4 5 &6 7 8 9 10

Feel Sore limbs?
Totally not agree Totally agree

0 1 2 3 4 5 6 7 8 9 10

Feel Backache?

Totally not agree Totally agree

o 1 2 3 4 5 6 7 8 9 10

Feel Headache?

Totally not agree Totally agree

01 2 3 4 5 &6 7 8 9 10

Feel Numbness?

Totally not agree Totally agree

01 2 3 4 5 6 7 8 9 10

Feel Stiffness muscles?

Totally agree
9 10

Totally not agree
0O 1 2 3 4 5 & 7 8
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! APPENDIX XI COMFORT FORM

IPADD  Research Form for testing QF5t car seat

| COMFORT FORM

Part 1

Part 2

Part 3

Part 4

What is the comfort rating of the seat experience, circle the correct value (0-10, 0= lowest
rating. 10 = highest)?

Mo comfort Mo comfort

o 1 2 3 4 5 & 7 B 9 10

What is the comfort rating of the seat experience, circle the correct value (0-10, 0= lowest
rating. 10 = highest)?

Mo comfort Mo comfort

o 1 2 3 4 5 6 7 8B 9 10

What is the comfort rating of the seat experience, circle the correct value (0-10, 0= lowest
rating. 10 = highest)?

Mo comfort Mo comfort

o 1 2 3 4 5 6 7 8B 9 10

What is the comfort rating of the seat experience, circle the correct value (0-10, 0= lowest
rating. 10 = highest)?

Mo comfort Mo comfort

o 1 2 3 4 5 & 7 B 9 10
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IPADD

APPENDIX XIil CONSENT FORM
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IPADD

APPENDIX XIil CONSENT FORM
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APPENDIX XIil CONSENT FORM
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APPENDIX XIll SPSS REPORT

A SPSS Statistics Viewer

Transform  Insert  Format

Analyze  Graphs

Utilities

Extensions  Window  Help

SE e G 2» B

@)

T-TEST PAIRS=withQST12 WithQST34 WITH WithoutQST12 WithoutQST34 (PAIRED)
/CRITERIA=CI (.9500)
/MISSING=ANALYSIS.
Statis
Conre T-Test
Test
. e EMG
Paired Samples Statistics .
trapizusleft
Std. Error
Mean M Std. Deviation Mean
Pair1  withQST1+2 72.0694 16 13.01838 3.25460
WithoutQST1+2 72,3356 _ 16 | 15.19866 [ 3.79967
Pair2 WithQST3+4 T6.7200 16 16.01107 4.00277
Without QST3+4  70.0506 16 12.65570 316393
! Paired Samples Correlations
M Correlation Sig.
Pair1 withQST1+2 & 16 .288 280
WithoutQST1+2
Pair2 WithQST3+4 & Without 16 899 .000
QST3+4
Paired Samples Test
Paired Differences
95% Confidence Interval of the
Std. Error Difference
- Mean Std. Deviation Mean Lower Upper t df Sig. (2-tailed)
Pair1  withQST1+2- -.26625 16.92831 4.23208 -9.28671 B.75421 -.063 15 951
WithoutQST1+2
Pair2  WithQST3+4 - Without 6.66937 7.23624 1.80906 2.81345 10.52530 3.687 15 002
QST3+4
I
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BM SPSS Statistics Viewer
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| Transform |Insett Format Analyze Graphs  Utilities Extensions

Window  Help

N0 e Wi 25 H(e

set

nples €
nples C
nples T

H

THISSING—ANALISIS.
% T-Test
[DataSetl]
Paired Samples Statistics
Std. Error
Mean M Std. Deviation Mean

Pair1  With QST1+2 700 16 1.932 483

Without1+ 2 6.04 16 1.948 487
Pair2  WithOST 3+4 7.25 16 2.049 512

Without 0ST3+4 6.81 16 2.007 502

Comfort form
Paired Samples Correlations
N Correlation Sig.

Pair1  With @ST1+2 & Without1 + 16 248 355

2
Pair2 WIithOST 3+4 & Without 16 =117 665

0ST3+4

Paired Samples Test
Paired Differences
95% Confidence Interval of the
Std. Error Difference
Mean Std. Deviation Mean Lower Upper t df Sig. (2-tailed)

Pair1  With QST1+2 - Without! + 063 2.380 595 -1.205 1.330 105 15 918

2
Pair2  WIithOST 3+4 - Without 438 3.032 758 -1.178 2.053 577 15 572

0ST3+4

IBM SPSS Statistics Processor is ready
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! APPENDIX XIlil SPSS REPORT

*Output1 [Document1] - IBM SPSS Statistics Viewer

View Data Transform

Inset Format Analyze Graphs  Utilities Extensions  Window  Help

SHER A e~ EE D 2 B

{E] output
,@ Log
=8 8 T-Test
s =) Title
[ Notes
L3 Active Dataset
L& Paired Samples £
(g Paired Samples C
L[ f Paired Samples T

THISoING-ANALISIS.

% T-Test

[DataSetl]

Paired Samples Statistics

Std. Error
Mean N Std. Deviation Mean
Pair1  withQST1+2 939381 16 10.88854 272214
WithoutQST1+2 63.9213 16 13.26249 3.31562
Pair2  WithQST3+4 91.4631 16 15.21138 380284
Without QST3+4  60.4887 16 9.28293 232073
EMG m.Etector spinea
Paired Samples Correlations
N Correlation Sig.
Pair1 withQST1+2 & 16 -.018 948
WithoutQST1+2
Pair2 WithQST3+4 & Without 16 -.040 8B4
QST3+4

Paired Samples Test

Paired Differences
95% Confidence Interval of the

Std. Error Difference
Mean Std. Deviation Mean Lower Upper t df Sig. (2-tailed)
Pair1  withQST1+2- 30.01688 17.30700 432675 20.79463 39.23912 6.938 15 .000
WithoutQST1+2
Pair2  WithQST3+4 - Without 30.97438 18.13189 453297 21.31258 4063617 6.833 15 .000
QST3+4

[IBM SPSS Statistics Processt
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IBM SPSS Statistics Viewer
View Data

Output1 [Documenti] -

Transform  Inset  Format
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Analyze  Graphs

Utilities

Extensions

Window  Help

HEE N e ARed 2 W

®

F155ING-ANAL
E_I Output 7 Iolo.
(18 Log
=& e e % T-Test
& Notes
: Active Dataset [DataSetl]
~-Lfg Paired Samples €
~Lf) Paired Samples C
- ({8 Paired Samples T Paired Samples Statistics
Std. Error
Mean ] Std. Deviation Mean
EMG
Pair1  withQST1+2 86.5581 16 21.40605 535151 .
: . m.VastusLateralis
WithoutQST1+2 65.3275 16 12.93908 3.23477
Pair2 WithQST3+4 836719 16 17.64109 441027
Without QST3+4 626231 16 15.10483 377621
Paired Samples Correlations
I N Correlation Sig.
Pair1 withQST1+2 & 16 126 643
WithoutQST1+2
Pair2 WithQST3+4 & Without 16 234 382
QST3+4
Paired Samples Test
Paired Differences
95% Confidence Intarval of the
Std. Error Diference
Mean Std. Deviation Mean Lower Upper t df Sig. (2-tailed)
Pair1  withQST1+2- 21.23063 23.57045 5.80486 B.66602 33.79523 3.602 15 .003
WithoutQST1+2
Pair2 WithQST3+4 - Without 21.04875 2035015 508979 10.20013 31.89737 4135 15 .00
QST3+4
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| - IBM SPSS Statistics Viewer

ata  Transform Insert

Format

Analyze  Graphs

Utilities

Extensions  Window  Help

4 NE e SF sl 2 B

THISOING—ANALYSIS.
% T.Test
ataset [Datasetl]
jamples £
samples C
samples T Paired Samples Statistics
Std. E EMG
. Efrmor .
Mean N Std. Deviation Mean R'th m.
Pair1  withQsST1+2 741004 16 17.28381 432095 trapezius pars
WithoutQST1+2  69.2544 16 13.71657 342014 descendens
Pair2 WithQST3+4 741031 16 13.06459 3.26365
Without OST3+4  68.5313 16 13.00526 32513
Paired Samples Correlations
N Correlation Sig.
Pair1  withQST1+2 & 16 482 058
WithoutQST1+2
Pair2  WithQST3+4 & Without 16 770 000
QST3+4
Paired Samples Test
Paired Differences
95% Confidence Interval of the
Std. Error
Mean  Std. Deviation Mean Upper t df Sig. (2-tailed)
Pair1  withQST1+2- 485500 16.07026 401757 13.41824 1.208 15 246
WithoutQST1+2 _ _
Pair2 WithQST3+4 - Without 557188 8.83003 2.20751 10.27707 2524 15 023
QST3+4
1

||BM SPSS Statistics Processoris read
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! APPFNDIX XIIl SPSS RFPORT

ent1] - IBM SPSS Statistics Viewer

Data Transform Insert  Format

Analyze  Graphs

Utilities

Extensions

Window  Help

13 N e G ¥ 2 M

1sts

e

tes

ive Dataset
coxon Signed F
7 Title

j Ranks

j Test Statistic:

Wilcoxon Signed Ranks Test

Ranks
Sum of
M Mean Rank Ranks
WithoutQST1+2 - Negative Ranks 2° 10.25 20.50
WINASTI =2 Positive Ranks 118 6.41 70.50
Ties 3¢
Total 16
Without QST3+4 - Negative Ranks 54 8.80 44.00
WithQST3+4 : R
Positive Ranks g 6.78 61.00
Ties of
Total 16
a. WithoutQST1+2 < withQST1+2
b. WithoutQST1+2 > withQST1+2
¢. WithoutQST1+2 = withQST1+2
d. Without QST3+4 < WithQST3+4
e. Without QST3+4 > WithQST3+4
f. Without QST3+4 = WithQST3+4
Test Statistics”
WithoutQST? Without
+2- QST3+4-
WithQST1+2  WithQST3+4
i -1.761" -539°
Asymp. Sig. (2-tailed) 078 590

a. Wilcoxon Signed Ranks Test

b. Based on negative ranks.

Backache



IPADD Design a mockup to research IPADD seat in luxury car

! APPENDIX XIII SPSS REPORT

I *Qutput1 [Document] - IBM SPSS Statistics Viewer
View Data Transform Inset Format Analyze  Graphs  Ulilities Extensions  Window  Help

SHER P E e~ EE S = Hle

i+ & Output

B Log Wilcoxon Signed Ranks Test
B [E] NPar Tests

Title

Motes Ranks
L Active Dataset
EI Wilcoxon Signed f Surm of
: li Tile M Mean Rank Ranks °
b ()
- n WithoutQST1+2 - Negative Ranks 6° 7.33 44.00
Ranks
N WithQST1 +2
- L Test Statistice Positive Ranks 7° 6.71 47.00
Ties 3°
1 muscie
Without QST3+4 - Megative Ranks 44 5.38 21.50
WithQST3+4 » .
Positive Ranks 5 470 23.50
Ties 7t
Total 16
a. WithoutQST1+2 = withQST1+2
I b. WithoutQST1+2 > withQST1+2

c. WithoutQST1+2 = withQST1+2
d. Without QST3+4 < WithQST3+4
e. Without QST3+4 > WithQST3+4
f. Without QST3+4 = WithQST3+4

Test Statistics”
WithoutQST1 Without
«2- QST3+4-
withQST1+2 WithQST3+4
Z -107° -120°
Asymp. Sig. (2-tailed) 915 905

a. Wilcoxon Signed Ranks Test

h. Based on negative ranks.
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Wilcoxon Signed Ranks Test

Ranks
Sum of
N Mean Rank Ranks
WithoutQST1+2 - Negative Ranks 5° 7.70 38.50
WithQST1+2 - b
Positive Ranks 7 5.64 39.50
Ties 4°
Total 16
Without QST3+4 - Megative Ranks 3¢ 6.83 20.50
WithQST3+4 » .
Positive Ranks 8 5.69 4550
Ties 5
Total 16
a. WithoutQST1+2 < withQST1+2
b. WithoutQST1+2 > withQST1+2
c. WithoutQST1+2 = withQST1+2
d. Without QST3+4 < WithQST3+4
e. Without QST3+4 = WithQST3+4
f. Without QST3+4 = WithQST3+4
Test Statistics”
WithoutQST1 Without
+2- QST3+4 -
withQST1+2 WithQST3+4
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a. Wilcoxon Signed Ranks Test
h. Based on negative ranks.
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Total 18
Without QST3+4 - Negative Ranks 44 5.88 23.50
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b. WithoutQST1+2 = withQST1+2
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. Without @ST3+4 > WithQST3+4
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Wilcoxon Signed Ranks Test

Ranks
Sum of
N Mean Rank Ranks
WithoutQST1+2 - Negative Ranks 4* 6.63 26.50
withQST1+2 » b
Paositive Ranks 5 3.70 18.50
Ties 7°
Total 16
Without QST3+4 - Negative Ranks 54 3.80 19.00
WithQST3+4 " .
Positive Ranks 3 567 17.00
Ties g
Total 16
a. WithoutQST1+2 < withQST1+2
b. WithoutQST1+2 > withQST1+2
¢. WithoutQST1+2 = withQST1+2
d. Without QST3+4 < WithQST3+4
& Without QST3+4 > WithQST3+4
T Without @ST3+4 = WithQST3+4
Test Statistics”
WithoutQST1 Without
+2- QST3+4 -
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a. Wilcoxon Signed Ranks Test
b. Based on positive ranks.
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M Mean Rank Ranks
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Total 16
Without QST3+4 - Negative Ranks 59 6.50 32.50
WithQST3+4 = .
Positive Ranks 5 450 22,50
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Total 16
a. WithoutQST1+2 < withQST1+2
b. WithoutQST1+2 = withQST1+2
c. WithoutQST1+2 = withQST1+2
d. Without QST3+4 < WithQST3+4
e. Without QST3+4 > WithQST3+4
f. Without QST3+4 = WithQST3+4
Test Statistics®
WithoutQST1 Without
+2- QST3+4 -
withQST1+2 WithQST3+4
z -.080° -514°
Asymp. Sig. (2-tailed) 937 607

a. Wilcoxon Signed Ranks Test
b. Based on negative ranks.
c. Based on positive ranks.

Numbness

[iIam epae etatictice Praracenr ic ready |

T



IPADD

Design a mockup to research IPADD seat in luxury car

! APPENDIX XIII SPSS REPORT

*Output [Document] - IBM SPSS Statistics Viewer a
e Edit View Data Transform |Inseft Format Analyze Graphs  Utilities  Extensions  Window  Help
SHER M e » K¥khd e Mo
SHEQ &) 0 e = ® *
& output ‘ o
, @ Log
B [Ef NPar Tests Wilcoxon Signed Ranks Test
-+ ([ Title
& Notes
+L[ Active Dataset Ranks
B--{&] wilcoxon Signed F
@ g Sum of
N Mean Rank Ranks
i Ranks
‘[ Test Statistics WithoutQST1+2 - Negative Ranks g% 8.22 74.00
withQST1+2 R b T °
Positive Ranks 7 B8.86 62.00
o Leg Circumference
Total 16
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a. Wilcoxon Signed Ranks Test
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Sum of
N Mean Rank Ranks
WithoutQST1+2 - Negative Ranks 42 7.63 30.50
withQST1+2 ” b
Positive Ranks 1 8.14 89.50
Ties 1°
Total 16
Without QST3+4 - Negative Ranks 34 317 9.50
WithQST3+4 = .
Positive Ranks 8 7.06 56.50
Ties 5f
Total 16
a. WithoutQST1+2 < withQST1+2
b. WithoutQST1+2 > withQST1+2
C. WithoutQST1+2 = withQST1+2
d. Without QST3+4 < WithQST3+4
e. Without QST3+4 > WithQST3+4
f. Without QST3+4 = WithQST3+4
Test Statistics®
WithoutQST1 Without
+2- QST3+4 -
WwithQST1+2 WithQST3+4
z -1.700" -2105"
Asymp. Sig. (2-tailed) .089 035
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Ranks
Sum of
N Mean Rank Ranks
WithoutQST1+2 - Negative Ranks 28 7.25 14.50
withQST1+2 » b
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Ties 4
Total 16
Without QST3+4 - MNegative Ranks 04 .00 .00
WithQST3+4 " e
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. WwithQST1+2
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Total 16
Without QST3+4 - Megative Ranks 49 7.50 30.00 n e C
WithQST3+4 ” .
Positive Ranks 8 6.00 48.00
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Total 16
a. WithoutQST1+2 < withQST1+2
I b. WithoutQST1+2 > withQST1+2

c. WithoutQST1+2 = withQST1+2
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a. Wilcoxon Signed Ranks Test
b. Based on negative ranks.
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: WithoutQST1+2 - Negative Ranks 6° 5.50 33.00
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- Test Statistics
Ties 5¢
Total 16
Without QST3+4 - Negative Ranks 44 450 18.00
WithQST3+4 ) .
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Total 16 I g
a. WithoutQST1+2 < withQST1+2
b. WithoutQST1+2 > withQST1+2
' ¢. WithoutQST1+2 = withQST1+2
d. Without QST3+4 < WithQST3+4
e. Without QST3+4 = WithQST3+4
f. Without QST3+4 = WithQST3+4
Test Statistics®
WithoutQST1 Without
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a. Wilcoxon Signed Ranks Test
b. The sum of negative ranks equals the sum of
positive ranks.
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WithQST3+4 " e
Positive Ranks 5 3.90 19.50
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articipant 2

how would you call / give @ hame to this seating experience, for instance if you would have tao tell «
iend about your experience today ?

hink it is “comfort”. | would recommend my friend about this device.
. please tell us how you experienced the QSt in comparison with the non-QSt seat

1eed to sit straight on the black chair. | feel soreness around my waist part and side part. | need these
uscle to help me sit straight. However, the brown chair has the support to help me keep straight. Th
2lps me to pay attention on the road.

. What were the main differences between the two seats?

1e brown chair can provide physical support. Also it has massage functions.

In case you have a car, would you like to have the QSt instolled in your carseat?
epend on the price. In case, | want to lay down on the chair, if it cannot | would not.

. would you recommend somebaody else to install the QSt in their carseat? (Forget to ask in the vide
rd the answer was gotten afterwards.)

Iso depend on the price

. did you notice whether or not you wanted to move your body yourself as well during all the tests,
r were the movements of the QST enough when you sat in the QSt seat?

:an notice, it is noticeable around my waist. It is slightly below enough. The movement of motor can
2 increased. | think this will not disturb driving.

. In case you have a car, how much would you be willing to pay for the installation of the QSt in you
irseat?

io not want to pay more than 2.5 times more than regular chair.

Participant 3

a.how would you call / give a name to this seating experience, for instance if you would have to tell a
friend about your experience today ?

Promising. However, there are noise and heating too much on the back due to the enginie at the back
side.

b. please tell us how you experienced the QSt in comparison with the non-QSt seat

| need to sit straight on the black chair. | feel soreness around my waist part and side part. | need these
muscle to help me sit straight. However, the brown chair has the support to help me keep straight. This
helps me to pay attention on the road.

¢. What were the main differences between the two seats?

Movement.

d. In case you have a car, would you like to have the QSt installed in your carseat?
Depend If there are some improvement on the noise. It also depends on the price.

e. would you recommend somebody else to install the QSt in their carseat?

f. did you notice whether or not you wanted to move your body yourself as well during all the tests,
or were the movements of the QST enough when you sat in the QSt seat?

| move a lot in the normal seat but not in the QSt seat.

g. In case you have a car, how much would you be willing to pay for the installation of the QSt in your
carseat?

€1500 - €2000
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‘articipant 4

r.how would you call / give @ name to this seating experience, for instance if you would have to tell «
riend about your experience today ?

ero. The massage is too comfortable and it makes me really sleepy during the test.
1. please tell us how you experienced the QSt in comparison with the non-QSt seat

Ny lower back feels much more comfortable when using QSt. At beginning it is hard but after a while il
; getting warmer. Maybe not good for summer weather.

=. What were the main differences between the two seats?

Nassage and the angle for the lower back.

l. In case you have a car, would you like to have the QSt installed in your carseat?
will install it except the driver because it is too comfortable.

2. would you recommend somebody else to install the QSt in their carseat?

Naybe not this version but feture version.

i. did you notice whether or not you wanted to move your body yourself as well during all the tests,
ir were the movements of the QST enough when you sat in the QSt seat?

1 is enough.

2. In case you have a car, how much would you be willing to pay for the installation of the QSt in yot
arseat?

2000 but depend on what kind of car | have.

Participant 5

a.how would you call / give a name to this seating experience, for instance if you would have to tell a
friend about your experience today ?

It makes me feel sleepy, it is very relaxing but not helping me to keep focus during driving.
b. please tell us how you experienced the QSt in comparison with the non-QSt seat

For QSt the button part is a bit flat.

¢. What were the main differences between the two seats?

The form is different

d. In case you have a car, would you like to have the QSt installed in your carseat?

e. would you recommend somebody else to install the QSt in their carseat?
No, | think they will get an acciedent.

f. did you notice whether or not you wanted to move your body yourself as well during all the tests,
or were the movements of the QST enough when you sat in the QSt seat?

| don't need to move it is pretty good but not all the movement | like it.

g. In case you have a car, how much would you be willing to pay for the installation of the QSt in your
carseat?

€3000
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articipant 6

.how would you call / give a name to this seating experience, for instance if you would have to tell a
iend about your experience today ?

lassaging chair

. please tell us how you experienced the QSt in comparison with the non-Q5St seat

. What were the main differences between the two seats?
ne is with massage one is not.

. In case you have a car, would you like to have the QSt installed in your carseat?

'. would you recommend somebody else to install the QSt in their carseat?
he QSt chair is more comfortable so yes.

. did you notice whether or not you wanted to move your body yourself as well during all the tests,
r were the movements of the QST enough when you sat in the QSt seat?

fter a long time | would like to adjust the sitting angle, for example to sit straight. The massage can be
ronger,

.. In case you have a car, how much would you be willing to pay for the installation of the QSt in you
arseat?

500

rdlrucipdric /

a.how would you call / give a name to this seating experience, for instance if you would have to tell a
friend about your experience today ?

Active seat.

b. please tell us how you experienced the QSt in comparison with the non-QSt seat
It is better to have massage because it keeps you focus.

¢. What were the main differences between the two seats?

The QSt seat is active on the back and botton.

d. In case you have a car, would you like to have the QSt installed in your carseat?

Yes because it keeps you active and your mussels keeps moving, | will adjust it a bit slowly, now is too
strong.

e. would you recommend somebody else to install the QSt in their carseat?
Yes

f. did you notice whether or not you wanted to move your body yourself as well during all the tests,
or were the movements of the QST enough when you sat in the QSt seat?

Itis enough | don’t need to move extra, it is a pretty good chair.

g. In case you have a car, how much would you be willing to pay for the installation of the QSt in your
carseat?

€300
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ticipant 8

ow would you call / give o name to this seating experience, for instance if you would have to te
nd about your experience today ?

ing massage
lease tell us how you experienced the QSt in comparison with the non-QSt seat
vibration is different and massage.
Vhat were the main differences between the two seats?
color and vibration.

1 case you have a car, would you like to have the QSt installed in your carseat?

wvould you recommend somebody else to install the QSt in their carseat?
really. | can’t adjust too much and it is too hot, | don't think in the summer | will use it.

lid you notice whether or not you wanted to move your body yourself as well during all the test
vere the movements of the QST enough when you sat in the Q5t seat?

n’t need to move too much just some time put my back forward and adjust my moving position.

n case you have a car, how much would you be willing to pay for the installation of the QStiny
jeat?

Participant 9

a.how would you call / give a name to this seating experience, for instance if you would have to tell a
friend about your experience today ?

Massage seat.

b. please tell us how you experienced the QSt in comparison with the non-QSt seat

if the movement is there | don’t care, if | need to sit there for more than 8 hours maybe it is good.
¢. What were the main differences between the two seats?

The length of the button. When | sit on the back of the non QSt chair, | feel not comfortable.

d. In case you have a car, would you like to have the QSt installed in your carseat?

No, | don’t want to pay for it, | think it doesn’t bring any comfort.

e. would you recommend somebody else to install the QSt in their carseat?

Yes, if you higher 180cm maybe it is something nice.

f. did you notice whether or not you wanted to move your body yourself as well during all the tests,
or were the movements of the QST enough when you sat in the QSt seat?

At the beginning yes, after a few minutes | feel it’s fine. For non QSt seat | feel it is difficult to find my
position. | think it can be more.

g. In case you have a car, how much would you be willing to pay for the installation of the QSt in your
carseat?

£41nnn
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articipant 10

.how would you call / give a name to this seating experience, for instance if you would have to tell( Participant 11{mostin Dutch)
iend about your experience today ?

get distracted by the movement, | would really love to sit in this seat for long drive a.how would you call / give a name to this seating experience, for instance if you would have to tell a
friend about your experience today ?

. please tell us how you experienced the QSt in comparison with the non-QSt seat
Massage seat, | need more support on my neck.

Stis much more comfortable and especially for the lower back. b. please tell us how you experienced the QSt in comparison with the non-QSt seat

. What were the main differences between the two seats?
he distraction from the movement so | can sit more time on the seat. c. What were the main differences between the two seats?

. In case you have a car, would you like to have the QSt installed in your carseat?
. i . d. In case you have a car, would you like to have the QSt installed in your carseat?
epend on the price, if | need to travel longer | want it.

. would you recommend somebody else to install the QSt in their carseat?
e. would you recommend somebody else to install the QSt in their carseat?

es, | would like to recommend to truck drivers.

- did you notice whether or not you wanted to move your body yourself as well during all the tests, t. did you notice whether or not you wanted to move your body yourself as well during all the tests,
r were the movements of the QST enough when you sat in the QSt seat? or were the movements of the QST enough when you sat in the Q5t seat?

move less when | sit on the QSt seat and when | sit on the non QSt seat | need to stretch my back. |
1ink the movement is strong but | miss something in the neck. Lower back and butt is nice. g. In case you have a car, how much would you be willing to pay for the installation of the QSt in your

carseat?
.. In case you have a car, how much would you be willing to pay for the installation of the QSt in you

arseat? €

4000



IPADD

Design a mockup to research IPADD seat in luxury car

APPENDIX XIV INTERVIEW

Participant 12

a.how would you call / give a name to this seating experience, for instance if you would have to tell a
friend about your experience today ?

calm experience,.

b. please tell us how you experienced the QSt in comparison with the non-Q5St seat
| feel | bit more sleepy on QSt seat and | think QSt seat is more comfortable.

¢. What were the main differences between the two seats?

The QSt seat at beginning it feels nice and | think it is nice but on non QSt seat your body is getting only
worse and worse. But if the massage goes to long maybe it goes more and more relex.

d. In case you have a car, would you like to have the QSt installed in your carseat?

Yes | would like to have the function | like to have it to turn on and off, or it can detact when it need to
turn on.

e. would you recommend somebody else to install the QSt in their carseat?
I don’t know it is good for everyone but definity for people have back pain or other problems.

f. did you notice whether or not you wanted to move your body yourself as well during all the tests,
or were the movements of the QST enough when you sat in the QSt seat?

With non Q5t | need to move a lot, leg and back is move a lot but on QSt | feel | don’t need to move to
much, but legs still maybe because there is no massage for legs.

g. In case you have a car, how much would you be willing to pay for the installation of the QSt in your
carseat?

Half maara than tha nAannal caal

rFarticipant 13

a.how would you call / give a name to this seating experience, for instance if you would have to tell a
friend about your experience today ?

Special seat.

b. please tell us how you experienced the QSt in comparison with the non-QSt seat
The non QSt seat is comfortable and QSt seat is uncomfortable.

¢. What were the main differences between the two seats?

The non QSt seat is softer and QSt seat is harder.

d. In case you have a car, would you like to have the QSt installed in your carseat?
No

e. would you recommend somebody else to install the QSt in their carseat?

No

f. did you notice whether or not you wanted to move your body yourself as well during all the tests,
or were the movements of the QST enough when you sat in the QSt seat?

| need to move a lot when | sit on QSt seat because | feel too much movement. The massahe is enough
but not comfortable.

g. In case you have a car, how much would you be willing to pay for the installation of the QSt in your
carseat?

€8N if non NSt apat is €100
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Participant 14

a.how would you call / give a name to this seating experience, for instance if you would have to tell a
friend about your experience today ?

it is comfortable. Massage seat.
b. please tell us how you experienced the QSt in comparison with the non-QSt seat

the QSt seat is much better, the non Q5t seat | don’t feel comfortable about the leg, and without
massage.

¢. What were the main differences between the two seats?

The massage function, the hight of the seat and hardness.

d. In case you have a car, would you like to have the QSt installed in your carseat?
Depend on the price. If | can afford | will buy it.

e. would you recommend somebody else to install the QSt in their carseat?

If people can afford yes.

f. did you notice whether or not you wanted to move your body yourself as well during all the tests,
or were the movements of the QST enough when you sat in the QSt seat?

| don’t need to move my body on QSt seat but | need to move a lot in non QSt seat. | think the the
massage is enough.

g- In case you have a car, how much would you be willing to pay for the installation of the QSt in your
carseat?

5% of the entire car or €150 if non QSt seat is €100

rFarticipant 13

a.how would you call / give a name to this seating experience, for instance if you would have to tell a
friend about your experience today ?

Special seat.

b. please tell us how you experienced the QSt in comparison with the non-QSt seat
The non QSt seat is comfortable and QSt seat is uncomfortable.

¢. What were the main differences between the two seats?

The non QSt seat is softer and QSt seat is harder.

d. In case you have a car, would you like to have the QSt installed in your carseat?
No

e. would you recommend somebody else to install the QSt in their carseat?

No

f. did you notice whether or not you wanted to move your body yourself as well during all the tests,
or were the movements of the QST enough when you sat in the QSt seat?

| need to move a lot when | sit on QSt seat because | feel too much movement. The massahe is enough
but not comfortable.

g. In case you have a car, how much would you be willing to pay for the installation of the QSt in your
carseat?

€8N if non NSt apat is €100
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Participant 16

a.how would you call / give a name to this seating experience, for instance if you would have to tell a
friend about your experience today ?

Unique.
b. please tell us how you experienced the QSt in comparison with the non-QSt seat

at the beginning | feel pretty wried with QSt seat but once you get use to it it feel s okay, and maybe it
keeps you focus during the driver.

¢. What were the main differences between the two seats?

The massage, QSt seat is a bit hard and | will prefer the seat with neck support and the non Q5St seat is
softer.

d. In case you have a car, would you like to have the QSt installed in your carseat?
| would like to try if the back massage is stronger.
e. would you recommend somebody else to install the QSt in their carseat?

I will ask them to try first | believe different people have different experience. | will recommend some
one to try not directy buy it.

f. did you notice whether or not you wanted to move your body yourself as well during all the tests,
or were the movements of the QST enough when you sat in the QSt seat?

| am not moving my body at all. For the back it is not enough can be stronger but for the butt | think it is
not necessary.

g. In case you have a car, how much would you be willing to pay for the installation of the QSt in your
carseat?

€150 if non QST is €100
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