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ABSTRACT

ERGONOMIC EVALUATION OF SCHOOL BUSSES

Ozdemir, Pinar
M.S. Department of Industrial Engineering
Supervisor: Prof. Dr. Canan Cilingir

February 2013, 145 pages

In this study, perceived comfort and discomfort regarding school busses is assessed with the
main focus on students. A total of 149 students and 38 drivers from a private school in
Ankara was chosen participated in the study. Two different surveys were conducted on
students and drivers separately, in order to assess perceived comfort and discomfort and
suitability of the seat design features. Using SPSS Software to analyze the data, factors
contributing to safety, driver distraction, perceived discomfort and perceived comfort were
investigated. Bus seat comfort is found to be the most influential factor on the general
assessment of bus comfort. Although no evidence of significant discomfort related to specific
body parts such as neck, shoulders, back, thigh or legs is found, in-depth analysis revealed
that seat features such as seat pan cushion firmness or armrest height are in correlation with
seat comfort

Keywords: school busses, perceived comfort, ergonomic evaluation, school bus seat design



Oz

OKUL SERVIS ARACLARININ ERGONOMIK DEGERLENDIRMESI

Ozdemir, Pinar
Yiiksek Lisans, Endiistri Miihendisligi Boliimii
Tez Yoneticisi: Prof. Dr. Canan Cilingir

Subat 2013, 145 sayfa

Bu c¢alismada, okul servislerinde algilanan konfor ve rahatsizlik, 6grenciler temel alinarak
incelenmistir. Calisma Ankara'daki bir 6zel okulda gerceklestirilmis olup, 149 6grenci ve 38
servis soforii katilmistir. Araglarin konfor 6zelliklerinin ve tasarimlarin ergonomik agidan
incelenmesi amaciyla, 6grencilere ve sofdrlere iki ayr1 anket ¢alismasi uygulanmistir. Elde
edilen bilgilerin analizinde SPSS bilgisayar programi kullanlarak veriler: giivenlik,
suriictiniin dikkatini dagitan etmenler, algilanan konfor ve rahatsizliklar yoniinden
incelenmistir. Servislerin koltuk rahatliginin genel servis araci konfor degerlendirmesi
bakimindan en 6nemli etken oldugu sonucuna varilmistir. Arastirmada; servislerin, boyun,
omuzlar, sirt, kalca ve bacak gibi belirli bolgelerde yol actig1 rahatsizlik agisindan kayda
deger bir kanit bulunamamasina karsin; derinlemesine yapilan analizler koltuk alt minder
sertligi, kolcak ytiiksekligi gibi koltuk 6zelliklerinin servisin konforuyla yadsinmaz bir iligkisi
oldugunu gostermistir.

Anahtar Kelimeler: Okul servisleri, algilanan konfor, ergonomik degerlendirme, okul araci
koltuk tasarimi
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CHAPTER 1

INTRODUCTION

1.1. Significance of the Study

According to the Republic of Turkey Ministry of National Education’s statistics of years
2010-2011 regarding the formal education, there are 46,287 schools and institutions with a
total of 16,845,528 students including public, private and open-education schools, and pre-
primary, primary and secondary education (www.meb.gov.tr). A great part of
transportation of these students is provided by school transportation vehicles. Although
seen as one of the safest modes of transportation there many cases with minor accidents or
near-miss accidents. Most of the injuries are because of the inner design or driver mistakes.

Beside the yearly statistics on injuries, with the elongation of journey durations on the road,
proper sitting, correct postures and comfort became as important as the avoidance of
accidents. An adult may pick himself or herself a car with all the comfortable specifications,
children, without having this opportunity, exposed to bad design of school furniture and
school busses during the growth stage.

In order to reduce the risk of developing further musculoskeletal disorders, injuries related
to interior design of the busses, and to provide children with comfortable environments,
both school furniture and school busses need to be designed adequately both for the
passengers and drivers in addition to reducing any driver distracting factors. Safety, comfort
and suitability of these vehicles for both passengers and drivers need to be evaluated for a
clear definition of problematic areas and necessary changes

1.2. Aim of the Study

Aim of this study is the ergonomic evaluation of school transportation vehicles regarding
students of age 12 between 15 and drivers by the assessment of perceived comfort and
discomfort measures, adequacy of design features, and safety in order to reveal the
underlying factors of discomfort, comfort and safety.

This study will include a statistical analysis on the target population’s perception on the
suitability of design features, perceived discomfort ratings, factors with contribution to
comfort of school busses. Also with the inclusion of objective measurements for the current
design of the school bus, recent situation and any positive and negative implications will be
covered.

1.3. Scope of the Study
Firstly a literature survey on concepts of comfort, discomfort, assessment of their perceived

values, anthropometric measures of target age of students, seating comfort, and driver
distraction is carried out.



Secondly recent legislations in Turkey regarding school busses and properties of the school
busses used in the chosen private school are investigated. Two questionnaires covering the
necessary aspects as comfort, discomfort and ergonomics are designed and conducted on
students and school bus drivers of the private school.

Then statistical analysis of the questionnaire was done to investigate the recent perception of
comfort and discomfort, their relationship with ergonomic features, and implications for
safety. Correlations among different contributors were evaluated and adequacies of recent
design features were determined depending on the perceived comfort, discomfort.

1.4. Research Questions

In order to clearly define the topic that will be covered in this study and get meaningful
results, answers of the below questions will be sought:

e  What influences perceived discomfort?

e How good do the current school busses fit to the range of students between the age
of 12 and 15 and drivers?

e Do students provide a source for driver distraction?

e How the current school busses are perceived regarding comfort for the target
population?

e  Which changes can be made to overcome any possible ergonomic problems?

e Which seat features are most likely to affect seating comfort?

1.5. Structure of the Thesis

This study will be conducted in six chapters starting with Introduction as the first chapter.
The significance and aim of the study in addition to research questions that this study was
interested in were included in this chapter in the name of clarity.

Second chapter consisting of literature review, which begins with an investigation of
concepts of comfort and discomfort and different assessment methods, continues with seat
design and sitting dynamics in order to reveal the mechanisms underlying the concepts of
comfort and discomfort and lastly driver distraction in regard to driver and school bus
safety.

In the third chapter current situations of the vehicles in use were given. Also in this part of
the study legislations regarding school transportation were investigated. As the method in
this study is based on questionnaires, detailed explanations on their structure is given.

Results of the study were given in Chapter 4. Answers given to questionnaires were
investigated in depth, in order to answer the research questions previously addressed in this
chapter.

Lastly in Chapter 5 of the study concludes the findings from previous chapters and results
were reviewed.



CHAPTER 2

LITERATURE REVIEW

2.1. Comfort, Discomfort and Their Assessment

Assessment of comfort and discomfort is a long-debated issue, as definitions of these two
terms are not strict and clear (Helander and Zhang, 1997; Zhang et al., 1996; Slechta et al.,
1957; Kolich et al., 2004). As stated by Zhang et al. (1996), in common sense, comfort term
refers to both comfort and discomfort. A common definition is hard to achieve as there is no
agreement on the relationship between comfort and discomfort (Kolich, 2008). Whether
comfort and discomfort should be regarded as two opposite ends of a continuum or as two
experiential dimensions (Fazlollahtabar, 2010) is the main reason behind this debate (Kolich,
2008; Zhang et al., 1996; DeLooze et al., 2003). As cited by DeLooze et al. (2003) and
Helander (2003) in early researches on the subject Hertzberg (1958) and Floyd and Roberts
(1958) conceptualized comfort as the absence of discomfort, with only two possible states of
comfort as; comfort present or absent. Branton (1969) cited by Helander (2003) also stated
that comfort is the absence of discomfort and to reach comfort, discomfort factors need to be
eliminated. Kolsh et al. (2003) in a way similar to Branton (1969), rather than defining
comfort distinctly, used the term “comfort dimension”, where comfort, unaware discomfort,
aware discomfort, fatigue and pain lie on a continuum and in order to reach comfort pain,
fatigue, aware and unaware discomfort needs to be eliminated. The formal definitions of
comfort can be given as, “a state of being relaxed and feeling no pain” (http://www.webster-
dictionary.org/definition/comfort) and “a feeling of relief or encouragement, a satisfying or
enjoyable experience” (http://www.merriam-webster.com/dictionary/comfort). Zhang et al.
(1996), DeLooze et al. (2003) and Vink et al. (2012) cited the definition of Slater (1985) as “a
pleasant state of physiological, psychological, and physical harmony between a human
being and the environment”. From these definitions it is clear that comfort is not just a state,
or absence of discomfort, but it consists of multiple layers and is a combination of several
factors. In the assessment of comfort, evaluation should be done covering both physical and
psychological aspects (Pearson, 2009; Zhang et al., 1996). Helander (2003) showed that
comfort is not a binary state as being the lack of discomfort, but it is a continuous variable.
Approach of considering comfort and discomfort as two different concepts, a
unidimensional scale for the measurement of both led way to the usage of a Likert scale in
measurement of comfort and discomfort (Helander and Zhang, 1997; Zhang et al., 1996).

In the assessment of comfort and discomfort two approaches can be used as objective and
subjective measures (DeLooze et al., 2003; Kolich et al., 2004; Helander, 2003). Objective
methods of assessment can be named as electromyography, disc pressure measurement,
vibration transmissibility, pressure distribution at the occupant-seat interface and
microclimate at the occupant—seat interface (Kolich, 2003; DeLooze et al., 2003). Objective
methods have the advantage of being less time consuming, requiring a smaller number of
subjects, being less prone to errors or bias (DeLooze et al., 2003; Lee et al., 1993). Considering
comfort is a subjective state or feeling (DeLooze et al., 2003; Kolich et al., 2004; Ko6lsch et al.,
2003), while objective measures can give an indication of an individual’s sitting comfort
(DeLooze et al., 2003), on the other hand, subjective assessment can be regarded as the most


http://www.webster-dictionary.org/definition/state
http://www.webster-dictionary.org/definition/of
http://www.webster-dictionary.org/definition/being
http://www.webster-dictionary.org/definition/relaxed
http://www.webster-dictionary.org/definition/and
http://www.webster-dictionary.org/definition/feeling
http://www.webster-dictionary.org/definition/no
http://www.webster-dictionary.org/definition/pain

direct method. Subjective evaluation methods of comfort include surveys, rating scales and
interviews (Pearson, 2009). Results of the subjective methods yield perceived comfort as it
solely depends on the individual assessments and tolerance levels for discomfort (Slechta,
1957). In order to achieve a better result, both subjective and objective assessment need to be
considered, as objective measures such as pressure distribution were proven to be related
with subjective ratings (DeLooze et al., 2003; Kyung, 2008; Kolich 2008).

In the assessment of comfort and discomfort subjectively, well-established scales were used
by researchers. These scales are,

¢ General Comfort Rating (GCR) (Scale developed by Shackel et al. (1969)): GCR
includes both comfort and discomfort descriptors. The advantage of GCR is that it is
very practical as it produce a single number (Helander and Zhang, 1997) for overall
comfort. But the design of GCR does not assume comfort and discomfort as
independent factors, as it measures a single comfort score by asking both questions
on discomfort and comfort at the same time. (Helander and Zhang, 1997)

Table 2.1 - GCR by Shackel et al. (1969)

Rating  Description

I feel completely relaxed

I feel perfectly comfortable
I feel quite comfortable

I feel barely comfortable

I feel uncomfortable

I feel restless and fidgety

I feel cramped

I feel stiff

I feel numb ( or pins and needles)
I feel sore and tender

I feel unbearable pain
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e Body Part Discomfort (BPD) (Scale developed by Corlett and Bishop (1976)): This
scale was developed to measure discomfort. In this scale, an illustration of a human
body with segmentations is used for the subjects to evaluate the level of discomfort
they feel specifically using a 5-point scale, and the summation of the ratings is
considered as BPD index (Corlett and Bishop, 1976).
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Figure 2.1 — Body Part Discomfort Scale by Corlett and Bishop (1976)

e Automobile Seat Comfort Survey (Kolich et al.,, 2004): Having 10 questions
respondents were asked to rate the level of satisfaction regarding comfort and
support (Zhang et al., 1996). With the box of “just right” in the middle
corresponding to a score of zero, possible score from an item varies between -3 and
3. A single score of overall comfort index (OCI) is obtained with summing the
absolute deviations of each item, indicating a higher comfort as the total values gets
closer to zero.

Stop! Start over Poor, major  Fair, minor Good, slight ~ World class
improvements improvements improvements seat
needed needed needed
Overall Seat Appearance 1 2 3 4 5
[m] O O O O
Item -3 -2 -1 Just right 1 2 3
Seatback
A. Amount of lumbar support Too little ] O O O O O O Too much
B. Lumbar comfort Uncomfortable m} m} m} [m]
C. Amount of mid-back support Too little m] O [m} O [m} [m} O Too much
D. Mid-back comfort Uncomfortable O O O O
E. Amount of back lateral support Too little ] O O O O O O Too much
F. Back lateral comfort Uncomfortable [m] O O O
G. Seat back feel/firmness Too soft [m] O O [m] O O [m] Too firm
Cushion
H. Ischial/buttocks comfort Uncomfortable [m] O O O Too much
I. Thigh comfort Uncomfortable ] O O O
J. Cushion lateral comfort Uncomfortable m} [m]

Figure 2.2 — Automobile Seat Comfort Survey (Kolich, 2004)

e Chair Feature Check List modified by Goonetilleke et al. (2001): First proposed by
Shackel et al. (1969), and later modified by Drury and Coury (1982) in order to
obtain mean and distribution effects of various aspects of a seat. Goonetilleke et al.
(2001) modified the list by adding features such as cushioning, stability, personal
acceptability and overall discomfort.



Seat Height | | |

Too Correct Too

High Low

Seat Width i F 3' f ]5

Taa Correct Too
Narrow Wide
1 2 3 4 5
Seat Depth L I I I |
Too Taows
Long Short
1 2 3 4 5
Seat Cushioning L ] | l J
Too Correct Too
Hard Saoft
1 2 3 4 5
Seat Stability ' ' ' 1 I
Poor Adequate Gaood
1 2 3 4 5
Seat Surface L L ! L |
Paar Adequate Gaod
1 2 3 4 5
Personal | I l I !
Acceptability Strongly Dislike Neutral Like Strongly
Dislike Like
1 2 3
Owverall I I I T f
Discomfort Very  Umcomfortable  Some Slight No
Uneomfortable Discomlort Discomfort

Figure 2.3 - Chair Feature Check List modified by Goonetilleke et al. (2001)

Chair Evaluation Checklist (Helander and Zhang, 1997): Defining discomfort and
comfort as two different concepts, related with different factors, Helander and
Zhang (1997) developed a Chair Evaluation Checklist with 14 descriptors, stemming
from their previous study (Zhang et al., 1996) on factors and feelings associated with
perception of comfort and discomfort which gave the result that two concepts can be
assessed independently.



DISCOMFORT faclors are rated below COMFORT factors are rated below

Not at all Modcralcly Extremcly Net at all Modcratcly Extremely
I have sore muscles 1 feel relaxed

12 3 4 5 5 7T & 9 M2 3 4 35 6 7 8 9

Mol at all Moderately Exrremely Mot at all Moderately Fxtremety
1 have heavy leps T feel refreshed

12 3 4 5 &6 7 8 9 1 2 3 4 5 6 7 8 9
T fee! uoeven Not at all Moderately Extremely Not at all Moderately Extremely
pressure from scal The chair fecls soli
pan or seat back 1 2 3 4 5 G 7 8 9 1 2 3 4 3 & 7 8 G

Nol at all Moderately Extremely Not at all Moderatety Extremely
Ieel siff The chair is

12 3 4 35 & 7 9 spacious 1 2 3 4 5 & 7 8 9

Not at all Moderately Extremely Not at all Moderaiely Exlremely
1 feel restless The chair looks nice

1 2 3 4 5 6 7 8 @ 1 2 3 4 3 6 7 8 9

Not at all Moderately Lxtremely Mot at all Moderately BExtremely
I leel tired I ike the chair

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

Not at atl Moderately Extremely Not at all Moiderately Extreinely
1 feel uncomforiable I feet comfortable .

1 2 3 4 3 6 7 8 v 1 2 3 4 5 6 7 B3 4

Figure 2.4 — Chair evaluation Checklist (Helander and Zhang, 1997)

Zhang et al. (1996) examined the association of factors affecting comfort and discomfort in
sitting, stemming from the idea that discomfort is primarily associated with physiological
and biomechanical factors and that comfort is primarily associated with aesthetics. Using a
questionnaire to assess respondent’s perceptions on concepts, their study revealed that,
discomfort is associated with biomechanical factors (joint angles, muscle contractions,
pressure distribution) which were associated with feelings like pain, soreness, numbness
and stiffness (Helander, 2003). Kamp (2011) also cited Vink (2005) as saying “...discomfort is
more related to physical characteristics, whereas comfort is more related to experience,
emotion, unexpected features and luxury”. This perception of discomfort coincides with De
Looze et al. (2003) in which authors commented as “feelings of discomfort are mainly
associated with pain, tiredness, soreness and numbness. These feelings are assumed to be
imposed by physical constraints and mediated by physical factors like joint angles, tissue
pressure and circulation blockage”. Kyung et al. (2008) also promotes the use of discomfort
ratings to measure the basic qualities of seats. On the other hand, comfort is associated with
feelings of relaxation and well-being (Zhang et al., 1996). Thus the assessment of comfort
and discomfort should hence be based on different types of criteria (Helander and Zhang,
1997; Kyung et al., 2008).

Zhang et al. (1996) proposed a model for the perception of discomfort and comfort (Figure
2.5). Depending on the proposed model, if discomfort is low, comfort may be perceived and
if discomfort is increased, comfort will decrease (Zhang et al., 1996). This view coincides
with Helander (2003) as comfort and discomfort can be indicators of each other, while low
discomfort cannot predict high comfort, high discomfort can be associated with low comfort
and high comfort can be associated with low discomfort values.



Comfort:
Well Being and
Plushness

Discomfort:
Poor Biomechanics
and Fatigue

Figure 2.5 — Hypothetical model of comfort and discomfort (Zhang et al., 1996)
2.2. Seat Design

Most of the research findings concerning industrial and office chair design can be applied to
auto seat design; however, there are several important considerations that should be made
because of the unique environment of a vehicle (Reed et al.. 1994). As Kyung (2008) defined;
“designing a car seat is a challenging task that must meet multiple requirements; within a
confined space where vibration is generally present, the car seat is required to accommodate
diverse groups of people by firmly supporting and physically fitting their preferred postures
as well as by allowing freedom to change postures”.

Seat design need to be evaluated as features such as seat width, seat cushion hardness, and
available legroom are related to comfort (Vink et al., 2012). It may seem that chair design and
biomechanics of sitting are not so important unless the design severely and obviously
violates basic design criteria (Helander and Zhang, 1997).

2.2.1. Sitting Dynamics

The dynamics of sitting is related to both mechanics of body parts and external support
systems involved in sitting (Parcells et al., 1999). When a person sits a great part of the body
weight is transferred to the supporting surfaces (Nag et al., 2008; Helander, 2003; Oyewole et
al., 2010). With the heavy load concentrated on the seat pan, legs, feet and back areas are
used to produce equilibrium. Leg support is critical for distributing and reducing buttock
and thigh loads (Parcells et al., 1999; Oyewole et al., 2010; Nag et al., 2008). Feet need to rest
on the floor (Corlett, 1999) or if there exists on a foot support so that the lower leg weight is
not supported by the front part of the thighs, which may contribute to a discomfort by
effecting circulation. Lower pressure ratios at the buttocks and higher pressure ratios at the
upper and lower back, balanced pressure between the buttocks and between the lower and
upper body is found to be improve sitting comfort in objective evaluation methods (Kolich,
2008). What can be said, given the current state of knowledge, is that a good pressure
distribution indicates sufficient and balanced support to body areas in contact with the
automobile seat (Kolich, 2008; Fazlollahtabar, 2010).



2.2.2. Seat Features

While the upper body is supported by seat pan, backrest and the armrest, lower leg and
thighs take their support from the floor (Nag et al., 2008). Comfort, stability, and balance
need to be provided by the seat with minimal pressure on lower extremities such as legs and
thighs, with appropriate weight and force distribution by support such as backrest, armrest
(Nag et al.., 2008). Better distribution of load to the components of the seat can minimize
stress and prevent discomfort. Without proper design, sitting will require greater muscular
force and control to maintain stability and equilibrium. This, in turn, results in greater
fatigue and discomfort (Parcells et al. 1999).

As stated by Kolich (2003) due to large part in Akerblom’s (1948) work, “ergonomics criteria
related to anthropometry have long been considered a key aspect of comfortable seating”.
As in the passenger car design, where a single type of seat must accommodate a large
percentage of the population using that vehicle, knowledge of anthropometry is required
(Reed et al., 1994).

Widely used design criterion is that the seat should accommodate the members of the
population who lie between the 5th-percentile-female and 95th-percentile-male values on
the anthropometric measure of interest (Reed et al., 1994; Kolich, 2003). Looking from this
perspective designer must ensure that a range of people from small to large fit in the seat
(Kolich, 2003; Reed et al., 1994).

There exists research on the relationship between anthropometric measurements and seat
design, concentrating on the match between subject measures and design features (Parcells
et al., 1999; Panagitopoulou et al., 2004; Castellucci et al., 2010; Gouvali and Boudolos, 2006).
Match or mismatch conditions and definitions of the anthropometric measures are given in
Section 2.2.3.

2.2.2.1. Seat Back

Related to seat back, rather than an upright position, a tilted back can reduce the weight
distribution at seat pan and therefore decrease pressure (Nag et al., 2008). In order to
provide this decrease, seat back should adjustable, allowing an incline up to 120 degrees,
with a minimum of 100 degrees (Helander, 2003). The backrest width above and below the
waist level should be larger to accommodate the greater hip width below and chest width
above (Reed at al., 1994).

2.2.2.2. Seat Pan

Seat pan depth, width, height in addition to cushion hardness can be regarded as important
contributors to seat comfort.

Seat pan depth is an important determinant of comfort for several reasons. A seat pan that is
too long can put pressure on the back of legs near the knee (Reed et al., 1994; Helander,
2003), an area that has many superficial nerves and blood vessels and underside of the
thighs which has low resistance to deformation (Kolich et al., 2004). Pressure in these areas
can lead to local discomfort and restricted blood flow to the legs. Goonetilleke et al. (2001)
cited Phesant’s (1991) comments on the seat depth saying “a seat which is too deep deprives



the user of the full benefit of the seat back rest”. Leaning back in a flexed position with an
unsupported lumbar region, or sitting forward and loosing contact with the seat back are
given as two consequences of a deep seat (Reed et al., 1994; Goonetilleke et al., 2001). Also it
can restrict the leg movement if there left a narrow space between the front seat and the
occupant of the seat, which may restrict the movement and prevent postural changes such as
changing legs or pressure from side to side, which are necessary. Seat pan depth is
constrained by the buttock-to-popliteal length of the 5th percentile female segment but a
strict criterion for seat pan depth is difficult as buttock-popliteal length change leading to
variations in anthropometric measurements (Goonetilleke et al., 2001).

In the case of seat pan width, the 95th percentile female sitting hip breadth is used as a
specification limit.

Regarding the seat pan cushioning Helander (2003) states a rounded edge is necessary to
prevent blood circulation cut off in the legs. Seat pan cushioning hardness is also important
as a seat cushion that is too firm or soft may lead to pressure on the thighs and affect
circulation. If the circulation is affected, not only on the place of excess pressure, whole
body discomfort can be observed (Kolich et al., 2004; Reed et al., 1994).

Also as stated before, position of the seat back is closely related to seat pan. Backward slope
greater than 95 degrees up to 115 degrees was also shown to be reducing the weight
distribution on the seat pan (Nag, et al,. 2008). As the angle becomes more upright, greater
part of the occupant’s weight is taken by the seat pan (Kolich et al., 2004).

If the seat pan is too high, the underside of the thigh becomes compressed causing
discomfort and restriction in blood circulation. In that situation sitting person moves
forward to the end of the seat pan and lack back support. Also if the seat is too high, feet do
not have contact with floor surface which weakens the stability, and puts more weight on
the buttocks and thighs (Parcells et al., 1999; Corlett 1999). However if the seat pan is too
low, also weight is transferred to hip area leading to a lack of proper pressure distribution.

2.2.2.3 Armrest

The presence of armrest can decrease the weight distribution on the seat pan (Nag et al.,
2008). Armrest has a great contribution in reducing weight on the seat pan and mitigating
stress on the spinal and other structures if designed at a suitable height, therefore optimizing
the height of the armrest (Nag et al., 2008) is important and may contribute to comfort.

2.2.3 Suitability of Seat Features and Anthropometric Measures

Castellucci et al. (2010), Parcells et al. (1999), Panagiotopoulou et al. (2004), and Gouvali and
Boudolos (2006) gave definitions and design limits on seating, regarding the anthropometric
measures. With specific equations, incompatibility between the dimensions of the school bus

seat and the dimensions of the student’s body is defined as a mismatch.

In order to assess if there is a mismatch between school bus seat dimensions and student’s
anthropometric measurements, exact measures are needed.
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Seat dimensions of interest were defined as;
e Seat Height (SH): measured as the vertical distance from the floor to the middle
point of the front edge of the seat.
e Seat Depth (SD): measured as the distance from the back to the front of the sitting
surface.

e Seat width (SW): measured as the horizontal distance between the lateral edges of

the seat.

Anthropometric measurements used in the comparison were;
e Popliteal Height (PH): measured with 90 knee flexion, as the vertical distance from
the floor or footrest and the posterior surface of the knee (popliteal surface).
¢ Buttock-Popliteal Length (BPL): taken with a 90 angle knee flexion as the horizontal
distance from the posterior surface of the buttock to the popliteal surface.
e Hip Width (HW): the horizontal distance measured in the widest point of the hip in
the sitting position.

Conditions and limits were formed as following;

Popliteal Height — Seat Height Mismatch:
According to Parcells et al. (1999) and Panagiotopoulou et al. (2004) popliteal height should
be greater than seat height. If seat height is high, occupant may lack the feet support from

the floor and therefore it may increase the pressure on the posterior area of knee and thighs.
A seat height that is greater than 95% or smaller than 88% of the popliteal height was
defined as a mismatch.

0.88 * PH <SH < 0.95 * PH

Castellucci et al. (2010) and Gouvali and Boudolos (2006) also stating that seat height should
be smaller than popliteal height, included 5 to 30 degrees of angle between vertical and the
lower leg with a 3 cm correction for shoe height, and stated that seat height should be;

(PH +3) cos 30°< SH < (PH +3) cos 5°
Buttock Popliteal Length — Seat Depth:

A mismatch is defined if the seat depth is either greater than 95% or smaller than 80% of the
buttock popliteal length. If seat depth is larger than BPL measure, thighs may be compressed

and blood circulation may be prohibited. Castellucci et al. (2010) and Gouvali and Boudolos
(2006) also increased the upper limit to 99% from 95%.

0.80 * BPL <SD <0.99 * BPL

Hip Breadth — Seat Width Mismatch:

Seat width should be large enough to accommodate even the largest student hip breadth.
Although Parcells et al. (1999) found a seat width greater than hip breadth as sufficient,
according to Gouvali and Boudolos (2006) seat width should be at least 10% (in order to
accommodate hip breadth) and at most 30% larger than hip breadth for space of economy.

1.1*HB<SW<13*HB
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2.3. Driver Distraction

Lee et al. (2008) defined driver distraction as “a diversion of attention away from activities
critical for safe driving towards a competing activity”. Driver distraction can contribute to
errors through affecting cognitive processes such as perception, planning, decision making
and situation awareness, as well as by interfering with vehicle control tasks, and lead to road
traffic crashes, accidents or dangers (Young et al., 2012).

Despite the complexities of driving drivers regularly engage in various non-driving related
activities (Young et al.,, 2012). Distraction can be related to technology related, non-
technology related and external sources (Young et al., 2012). Adjusting the radio, dealing
with passengers, using vehicle or climate controls, checking mirrors are some of the
distraction sources among many.

Koppel et al. (2011) researched the relationship between child occupants and driving
distraction, and found that distraction related to child occupants account for 12 % of all
potential sources of driver distraction. Usage of seat belts in school buses were also found to
decrease the risk of distraction by preventing discipline problems (Lou et al., 2011), as
behaviors such as standing, moving inside the bus or talking to each other or to driver.

12



CHAPTER 3

METHODOLOGY

3.1. Introduction

In the light of previously consulted studies regarding the ergonomic evaluation of school
busses and assessment of perceived comfort, questionnaires were designed to cover all the
necessary aspects of the study, considering the recent regulations on school busses. This
chapter will consist of information on regulations in Turkey, investigation of the school
transportation vehicles used in the private school of interest, the sample frame, different
groups of participants, parts of the questionnaire and relation of questions included
regarding the evaluation of conformity and assessment of perceived comfort and discomfort.

3.2. School Busses

School busses are believed to be one of the safest ways for transportation of school children
from all ages (Gangopadhyay et al, 2011; Lou et al., 2011; Yang et al., 2009). School
transportation is provided by private carrier firms to transport students from their homes to
school and the way back. Public and private schools make annual contracts with these firms
according to their expectations and level of service.

3.2.1. Regulations in Turkey

In Turkey all the school buses have to meet the standards of Service Legislation of School
Transportation Vehicles determined by Republic of Turkey Ministry of Transport, Maritime
Affairs and Communications, Directorate General of Road Transport Regulation. The aim of
this legislation is to coordinate and provide safe student transportation for all the pre-school
and other students included in the compulsory education, to define and determine the
adequacy and working conditions of real and legal entities that will transport students and
to provide the necessary auditing services regarding the Service Legislation of School
Transportation (http://www.kugm.gov.tr).

Service Legislation of School Transportation Vehicles determined by Republic of Turkey
Ministry of Transport, Maritime Affairs and Communications, Directorate General of Road
Transport Regulation defines the conditions and attributes for general interior and exterior
design features of the bus, driver choices and their responsibilities in different clauses
(Appendix C)

3.2.1.1 Conditions of Interest
Having a reflective zone in adequate color, size and shape including the writing “OKUL
TASITI” (school bus) at the back of the vehicle provides greater visibility and safety. The

reflective zone is 832 and 1040 millimeters in height and width respectively (Figure 3.1), and
consists of black, white and yellow colors (Figure 3.2)
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Figure 3.1 - Design of the reflective zone at the back of the school busses.
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Figure 3.2 — Colored design of the reflective zone

The reason behind the need for a reflective zone is the importance of visibility. The size of
the label is 13.3 centimeters and according to Letter Size to Visibility Chart in Figure 3.3
(http://www. elliott-design.net), this provides readability from a maximum distance around
400 centimeters. Signages that MUST be read from longer distances require the use of more
contrasting colors (http://www.elliott-design.net). Color contrast made by using white letters
on a black background also increases visibility.
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Figure 3.3 — Letter size visibility chart

Existence of a lamp emitting red light while passengers are getting on or off the bus , with at
least a diameter of 30 centimeters, having a black label “DUR”(stop) at the back of the
vehicle increases the visibility on a higher level in order to match the eye level of other
drivers in traffic.
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Figure 3.4 — Design of the lamp
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Fixation of windows is to avoid behaviors like bending over from the window, sticking out
body parts like arms, legs or head, and also to protect the passengers from the environment
outside the school bus, which may lead to injuries or accidents.

Covering metal components with a soft material also provides safer interior environment
and prevents injuries, bruises or wounds that may result from any kind of contact with
those components during the journey or while getting on or off from the vehicle and also at
the occurrence of accidents.

Another condition that relates to safety of the students is door mechanism. Having a manual
or automatic door mechanism that informs the driver with visual or audio signals to prevent
injuries that may occur by being stuck between the door and its mechanism. Also with the
increased technology many of the vehicles used in school transportation have sensors to
avoid this kind of injuries.

Existence of a wireless or mobile phone for any kind of necessity, and mandatory seat belts
for each passenger can be listed as other features that are related to safety. Also the
legislation states that any audio or visual systems should not be used during journeys, as
any visual or audio stimulant may cause driver distraction.

In addition to previously addressed conditions regarding the vehicle itself, the legislation
also states the job definitions for drivers, necessary qualifications of drivers as their ages,
years of driving experience based on their driving licenses, educational level, their traffic
and criminal records.

3.2.2. School Busses of the Private School

Service Legislation of School Transportation Vehicles gives “rule of thumb” for
manufacturers and designers. Although any vehicle used in school transportation must meet
those basic standards, interior and exterior design depends on the manufacturer, in other
means the brand of the vehicle or a private car design firm. There are numerous car brands
having commercial vehicles in their product ranges. In order for a commercial vehicle to be
considered as a school bus, it must be designed adequately regarding the Service Legislation
of School Transportation Vehicles terms.

For the sake of simplicity and convenience only the brands that are used by the contracted
private carrier firm of the relevant school are studied and will be called as Brand A, Brand B
and Brand C throughout the study.

Brand A, B and C are two car brands, having commercial vehicles in their product range,
they both have the same qualifications and design with minor differences regarding their
exterior design (length vary with only centimeters) and aesthetics. For the simplicity only
Brand A vehicles were investigated in deep.

Brand A vehicles are of 6945mm in length and in width. Weight of the vehicle is 3880

kilograms. They have sixteen seats reserved for passengers, one in the front and fifteen at the
back of the bus, with slope adjustment at their back.
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Figure 3.5 — Exterior of Brand A vehicles

All the vehicles reserved for school transportation have several features regarding the
interior and exterior design, comfort and safety, which can be given as;

MP3 players, radio

colored windows,

side lamps,

passenger side interior lighting,

comfort type driver seat,

single front passenger seat,

3-point seat belts,

driver side airbag,

electronic sliding side door of 1.30m wide
and 1.82m length,

automatic step under the sliding door,
side bars near the door for ease on getting
on and off the bus,

sensors on the door

Emergency exit on the ceiling

PVC floor cover

Curtains

Air conditioner in the front and at the
ceiling for the back of the bus

Outer heat level indicator

School bus and stop signs at the back

First aid kit

Driving wheel with height and slope
adjustments

High ceiling

Fixed windows on the passenger side

The distance between passenger seats, which is the aisle width, is 39cm. Width, depth and
height of the seat is 44, 45 and 76 centimeters respectively.

Figure 3.6 — Passenger seats

17



The distance measured from the top of the seat pan and floor is 48 ¢cm, with around 18
centimeters of cushion height. Arm rests are 19cm in height, 4 cm in width and 32 ¢cm in
length. With the current design 26-27 centimeters are left for legs between two seats.

Figure 3.7 — Distance between seats

All of the seats can be tilted back with a maximum of 30 degrees. Driver’s seats are 51 cm in
width, 47 cm in depth and 80 cm in height. The distance between the top of the seat pan and
floor is 48 cm.

Figure 3.8 - Sliding door at the right of the bus

3.3. Parameters of the Study
3.3.1. Sample frame

The interviews with the management of selected private school, drivers in the contracted
private carrier firm and students of grades 6, 7 and 8 in addition to the completion of two
types of questionnaires were held between May and June 2012 in Ankara.

3.3.2. Groups of Participants

The study includes two groups of participants namely as drivers and students. As children
with smaller ages may not be able to comprehend the questions asked in the survey, and
students with greater ages can be considered as more mature in relation to anthropometric
measures, students of age 12 between 15 were taken as subjects of the study. Students are
sub-divided into three different sub-groups according to their grade as 6%, 7t and 8t grade
students. To address the changing importance and priorities as a result of their status during
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the journey and differences in their seat design, students and drivers were held as two
distinct groups.

3.4. Questionnaire Design

In this study a questionnaire is designed to both assess how comfortable the participants
feel, their perceptions about ergonomics and design of the seats, and if there exists the
degree of their discomfort regarding different parts of their body. Questionnaires and scales
from similar studies have been investigated and literature was reviewed. In order to cover
necessary aspects of the research a questionnaire used in seat testing procedures from
Wright Air Development Center (Slechta et al., 1957) and Kolich’s Automobile Seat Comfort
Survey (Kolich et al., 2004) were combined with studies of Helander and Zhang’s Chair
Evaluation Checklist (Helander and Zhang, 1997) in addition to questions that are designed
especially for this study.

3.4.1. Parts of the Questionnaires

Two different questionnaires were designed for two main groups of participants, students
and drivers, as their roles and expectations are distinct because of their status during the
journey. Also design of driver seat and passenger seat differ from each other in school
transportation vehicles, therefore the questions included were specific for those two groups.

The survey consists of different questions on comfort, discomfort and design features. As the
aim of the study is the ergonomic evaluation of school buses and how good the design of the
bus fits the related groups of participants, questions were designed to assess their
perceptions on design and comfort.

Questionnaires begin with a brief explanation of the intent of the study and gives
information about how to answer the questions included.

The questionnaires beginning with questions regarding demographics and school bus usage,
continues with questions on perceived comfort and discomfort, questions regarding
determination of areas of discomfort if there exists any, followed by the questions on design
features.

3.4.1.1. Survey Questions

Two different questionnaires were designed regarding the aforementioned reasons.
Complete survey for students and drivers can be seen in Appendix A and Appendix B
respectively.

3.4.1.1.1. Questionnaire for Students

Survey consists of 4 parts with a total of 74 questions. In the first part, age, gender, grade,
residence district, frequency of usage and approximate journey durations were asked. Age,
gender and grade were used in grouping of students for statistical analysis. Residence
district and approximate journey duration were subjects of interest as to examine and
analyze the effect of short, medium or long periods of journeys on comfort.
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Second part of the survey was designed to assess thermal comfort related to weather
conditions, jouncing, noise and degree of discomfort related to their existence, safety of the
bus by asking questions on seat belts, windows and doors, and driver behaviors. Answers
were organized accordingly to a 5-point Likert scale in order to indicate the level of
suitability for the participant.

Survey continues with part 3 which includes questions on the existence, location and level of
discomfort, followed by the questions related to the design features. The aim of this part is to
relate any type of discomfort with the interior design of the school bus.

In the last part questions on preferred adjustments and settings of bus seats were asked to
gain insight on possible design changes that can be made in the future.

3.4.1.1.2. Questionnaire for Drivers

Questionnaire for drivers was made up of a total 68 questions in four parts. Although the
general survey share similarities with the one designed for students, there exists some
aspects to be covered, as the design of the seat; role and expectations differ from each other.

In the first part age, years of having driver license and experience with school busses in
addition to the approximate journey durations and districts they are responsible from were
asked. These questions were asked both to evaluate any difference that may occur in the
results according to the length of journey, and their suitability regarding the Service
Legislation of School Transportation Vehicles. Also information on the years of having
driving license and driving experience were considered to be useful for the investigation of
their effect on driving abilities.

Similar to the questionnaire for students, second part of the survey includes questions
related to the assessment of thermal comfort, level of vibration or noise and degree of
distraction and discomfort related to their existence. Questions on the status of windows,
doors, both passenger and driver seat belts were designed as an indication of safety. Also
attitudes of drivers on different situations were questioned. Consistent with the survey
design of students, answers were organized accordingly to a 5-point Likert scale indicating
the level of suitability.

Third and fourth parts of the questionnaires were same for both of the groups

20



CHAPTER 4

RESULTS

As stated in the previous chapter, in order to address the changing importance and priorities
as a result of their status during the journey and differences in their seat design, students
and drivers were held as two distinct groups. With this distinction, results of the
questionnaire study were evaluated separately for two groups.

First parts of both surveys were used to gather information on demographics, usage rates
and journey durations. Remaining questions were used to gain insight on safety and
perceived comfort and discomfort.

Using SPSS Software, descriptive statistics for both groups were found (Appendix D,
Appendix I). For the explanation of the results, questions were evaluated on different basis.
Based on the nature of questions, different comparisons were used. In the descriptive
statistics, first column named as “Questions” define the content of the original question in
abbreviations. N gives the number of valid responses. Min and Max columns are the lowest
and highest scores for a given question by all the respondents. Mean and Std.Deviation gives
the main statistics of the data. Also two values, Skewness and Kurtosis were included in the
table.

Skewness is a measure of the asymmetry of the set of data. Its value can be positive, negative
or zero as in the case of Normal Distribution. A negative skew indicates that data bulks at
the right side of the mean, greater than the mean. Tail on the left side of the distribution
tends to be longer and this is why a data set with a negative skew is called left skewed. On
the other hand a positive skew is the opposite of negative skew, being bulked at the right of
the mean, with a great amount of data points having a value smaller than the mean. As with
positive skew, right side of the distribution tends to be longer and called right skewed. In the
zero Skewness case, data is symmetric and data points are evenly distributed on both sides,
so there is zero asymmetry (http://statistics.about.com/od/Descriptive-Statistics/a/What-Is-
Skewness.htm, http://www.itL.nist.gov/div898/handbook/eda/section3/eda35b.htm).

Kurtosis is the measure of the peakedness of a distribution, and indicates how high the
distribution is around the mean. The normal distribution is found to have a kurtosis of three.
A distribution with kurtosis value of three is called “mesokurtic”, while a distribution with
kurtosis greater than three is “leptokurtic” and a distribution with kurtosis less than three is
“platykurtic”  (http://statistics.about.com/od/Descriptive-Statistics/a/What-Is-Kurtosis.htm,
http://www itl.nist.gov/div898/handbook/eda/section3/eda35b.htm).

SPSS assumes normality. As stated, in Normal Distribution Skewness value is equal to zero
and Kurtosis value is equal to three. But as mentioned before and can be seen in Appendix D
and Appendix I on descriptive statistics, Skewness and kurtosis values tend to be different
than what is considered to be “Normal”. For this reason a concept called “Bootstrapping”
needs to be introduced. The idea behind bootstrap is using the data of a sample like a
population in order to approximate the sampling distribution of a statistic. By using

21


http://statistics.about.com/od/HelpandTutorials/a/Ways-To-Find-The-Average.htm
http://www.itl.nist.gov/div898/handbook/eda/section3/eda35b.htm

bootstrapping, re-sampling from the data is used to create a large number of samples which
are called bootstrap samples. The sample summary is then computed on each of the
bootstrap samples which usually go up to few thousand (Singh and Xie, 2010). From the
comparison, as there is no significant difference between the values of parametric and
nonparametric results, it is found to be safe to use either of the results.

4.1. Students
4.1.1. Response Rates

A total of 183 surveys were gathered from students of grades 6, 7 and 8. Within the total
number of participants, 149 student surveys, 76 from 6t grade, 47 from 7t grade and 26 from
8t grade, were considered in evaluation. First reason of exclusion is that, the questionnaires
were found to be blank except age, grade and gender information. As a second reason of
exclusion, school bus is just one way for transportation. Some of the students declared that
they are using another ways of transportation (family car, taxi, etc.) instead of school busses.
These questionnaires were also excluded as the main interest of this study is related to
school buses.

4.1.2. Demographics, Usage Rates and Journey Durations

Average age of students using school buses from 6%, 7t and 8t grades were found to be
12.74, with a Skewness of 0.459. This value can be explained by having a greater number of 6
grade students in our survey (Figure 4.1). As Skewness is 0.459, the distribution of age data
is right skewed, meaning there exists more values smaller than the mean of 12.74.

Percentages of grades

B 6th Grade ® 7th Grade 8th Grade

Figure 4.1 — Percentage of grades
Gender distribution was found to be in favor of females, with 66 male and 83 females in

total. Table 4.1 gives the distributions specific for grades and total number of students with
each gender.
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Table 4.1 — Distribution of genders for grades

6thGrade 7thGrade 8t Grade Total

Male 29 23 14 66
Female 47 24 12 83
Total 76 47 26 149

As previously stated students using other ways of transportation were excluded from data.
A student is included even if he or she uses school bus for transportation on the way to
school from home or from school to their home. Depending on the nature of the question
asked in the survey, this information is gathered using two questions, one asking about their
school bus usage in the mornings and one asking about their school bus usage in the
evenings. Questions were asked in order to rate their usage in a scale changing from 1 to 5,
with 1 corresponding to “Never” and 5 corresponding to “Always”. As can be seen in
Appendix D, students use school bus with an average of 4.24 in the mornings and 4.55 in the
evenings.

In order to further assess any difference on perceived comfort or discomfort, students were
asked about their average journey durations both in the morning and in the evening.
Approximate durations for morning and evening were found to be 30.65 minutes and 33.43
minutes respectively. Both have positive Skewness values, indicating that journey durations
are mostly under those values.

4.1.3. Safety

While getting on or off the bus, any difficulty may lead to an injury, as students may fall or
have problem with balance. Thus if a student needs help, this information can be interpreted
as a safety related issue. In the survey questions on the need of assistance, although the
rating scale was given from Strongly Disagree to Strongly Agree with corresponding ratings of
1 to 5, answers were evaluated on a binary basis. Answers of Strongly Agree and Agree were
considered as 1, showing a need for the assistance, while Strongly Disagree and Disagree were
considered as 0. As can be seen in Appendix D, mean value of these questions were 0 and
0.01 indicating that, students do not need help while getting on or off the bus. Also this
result was expected as school buses have an automatic step activated as the door opens and
handlebar at the side of the door. Even if a student may have difficulty while getting on or
off the bus, this step and handlebar serves as a help.

Sleepiness was also considered to be related with safety, as it may lead to cognitive and
physical shortcomings resulting in dangerous behaviors. Although sleepiness is not a major
problem in the evening journeys, students were found to be sleepy in the morning journeys
with a mean of 3.59, standard deviation of 1.48 and Skewness of -0.666, meaning that a larger
number of students feel sleepy.

The last but most important component of safety in school bus or any type of transportation
is the usage of seat belts. Seat belt usage showed results that do not match with rules in
school bus transportation. According to the interviews done with drivers during the course
of study, seat belt usage were defined to be mandatory, whereas the results showed students
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do not tend to fasten their belts at the beginning or throughout their journeys. With mean
values of 2.28 and 2.20 respectively, results were compared with a mean value of 3.
Hypothesis was formed as;

Hy:p=3

Hyi:p#3

a = 0.05
Reject H if, a < 0.05

Looking at the One-Sample T-test results (Appendix F), significance level lower than 0.05,
observed with negative mean difference values, leading to the rejection of null hypothesis.
This can be indicated as a safety rule violation. Even in near-miss or minor accidents, a
student with no seat belt can easily get injured by hitting on a part of the vehicle or each
other. Also behaviors such as standing (Lou et al., 2011) or moving from place to place in the
school bus can affect driver’s distraction negatively, and cause lack of attention from the
road, leading to accidents.

Having the same hypothesis for suitability of the seat belt, it was observed that this value
was not significantly different than 3, with a significance level of 0.621, hypothesis that mean
is equal to zero cannot be rejected. It can be said that students do not perceive seat belts as
nonconforming or conforming either. As this result does not show a negative conformity, it
can be said that, students feel neutral towards seat belts.

Correlations between fastening the seat belt at the beginning of the journey, staying fasten
throughout the journey and seat belt suitability were examined (Table 4.2).Hypothesis was
formed as p being the correlation coeffiecient;

Hy:p=0

Hi:p#0

a = 0.05
Reject H, if, a < 0.05

With significance levels of zero, null hypothesis is rejected and fastening the seat belt at the
beginning of the journey and staying fasten throughout the journey were found to be highly
correlated. This indicated that students who fasten their seat belts as soon as they get on the
bus also tend to keep their belts fasten throughout the journey.

It was found that students tend to not fasten their seat belts and there exists no positive or
negative conformity result. With significance levels of zero and rejection of the null
hypothesis, fastening behavior was found to be correlated with the suitability of the seat
belt. This correlation can be explanatory of the behavior of not fastening the seat belt. As
there exists a correlation between fastening behavior, a further analysis on the seat belts and
their conformance with the anthropometric measures of the students is needed.
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Table 4.2 —Correlations between fastening behaviors and seat belt suitability

Fasten the Belt is Seat belt
seat belt fasten . i
. is suitable
Correlations as soon as | throughout
. for the
getting on the
. student
the bus journey
Pearson Correlation 1 0.86 0.442
Sig. (2-tailed) 0 0
N 148 148 148
Fasten seat Bias 0 0.001 0.003
belt as soon as
getting on the Std. Error 0 0.043 0.064
bus
Bootst 0
cowap - 95% Lower 1 0.768 0.314
Confidence
Interval
Upper 1 0.936 0.562
Pearson Correlation 0.86 1 0.443
Sig. (2-tailed) 0 0
N 148 148 148
Belt is fasten Bias 0.001 0 0.004
throughout Std. Error 0.043 0 0.063
the journey
Bootst
cowHap - 95% Lower | 0768 1 0.315
Confidence
Interval
Upper 0.936 1 0.563
Pearson Correlation 0.442 0.443 1
Sig. (2-tailed) 0 0
N 148 148 148
Seat belt is Bias 0.003 0.004 0
suitable for Std. Error 0.064 0.063 0
the student
Bootst 0
cowHap - 95% Lower | 0314 0.315 1
Confidence
Interval
Upper 0.562 0.563 1

Fastening behavior and suitability of the seat belt was also examined regarding grade and

gender, in order to see it there exists a pattern for different age groups or genders. Before
starting this analysis gender of students were coded as 1 indicating “male” and 0 indicating
“female”. Descriptive statistics on the behavior of fastening and seat belt is given in the
Table 4.3 below. Also estimated marginal mean graphics can be seen in Figures 4.2, 4.3 and

44.
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Table 4.3 — Descriptive statistics on the behavior of fastening and suitability of the seat belt
according to gender and grade

Fastening seat belt as Belt is fasten .
ipti n as getting on th throughout th Seat belt is suitable
Desc1:1p-t1ve 500 getng o € 0. 1o € for the student
Statistics bus journey
td. td. td.
Mean S, ] N | Mean S, ] N | Mean S. ] N
Gender | Grade Deviation Deviation Deviation
6 2.52 1.574 46| 24 1.424 47 | 3.13 1.393 47
7 2.17 1.494 24 2 1.319 24 3 1.351 24
Female
8 2.42 1.621 121 25 1.624 12 | 2.67 1.723 12
Total 24 1.546 821 23 1.421 83 | 3.02 1.423 83
6 2.17 1.466 29| 1.97 1.239 29 | 3.21 1.544 29
Mal 7 1.96 1.397 231 1.78 1.347 231 3.04 1.581 23
ale
8 2.29 1.729 14 | 2.79 1.805 14 | 2.86 1.834 14
Total | 2.12 1.483 66 | 2.08 1.439 66 | 3.08 1.601 66
6 2.39 1.532 751 2.24 1.365 76 | 3.16 1.443 76
Total 7 2.06 1.436 47 1 1.89 1.323 47 |1 3.02 1.452 47
ota
8 2.35 1.648 26 | 2.65 1.696 26| 2.77 1.751 26
Total | 2.28 1.52 148 2.2 1.428 149] 3.05 1.499 149
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Figure 4.2 - Estimated marginal means of fastening the seat belt as soon as getting on the bus
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Figure 4.4 - Estimated marginal means of suitability of the seat belt

In the univariate analysis, it was asked if gender, grade or both can be used to explain the
fastening behavior or suitability. As there are 3 different conditions of interest, different
hypotheses were formed. Similar to the multiple regression models, the aim is to decide
whether the coefficients of the factors gender, grade or both of them together are different

27



than zero. Let the coefficients of gender, grade and both of them together bef;, f, and f;
respectively. The hypotheses were then formed as following;

For Gender;

Hy: ;=0

Hy:B; #0

a=01

Reject Hy if, @ < 0.1
For Grade;

Hy:f, =0

Hi: B, #0

a=01

Reject Hy if, @ < 0.1
For Gender and Grade together;

Hy: ;=0

Hi:B;#0

a=01

Reject Hy if, @ < 0.1

Looking at the Tests Between—Subjects Effects with the dependent variable choice as being
fastening the seat belt as soon as getting on the bus (Table 4.4), considering the significance
values, null hypotheses cannot be rejected, as they have values greater than a value of 0.1.
As a result, behaviour of fastening the saet belt as soon as getting on the bus is not found to
be related to gender or grade separately or at the same time.

Table 4.4 — Test Between-Subjects Effects for behavior of fastening the seat belt as soon as
getting on the bus

Source Type III Sum Df [Mean Square F Sig. Partial Eta
of Squares Squared
Corrected
Model 5.962 5 1.192 507 770 .018
Intercept 617.241 1 617.241 262.672 .000 .649
Gender 1.610 1 1.610 .685 409 .005
Grade 2.600 2 1.300 553 576 .008
Gender * Grade 278 2 139 .059 943 .001
Error 333.680 142 2.350
Total 1107.000 148
Corrected Total| 339.642 147

Considering the behavior of keeping the seat belt fasten throughout the journey, looking at
the Tests Between—Subjects Effects with the relevant dependent variable choice (Table 4.5),
null hypothesis regarding Grade, with a corresponding significance value of 0.099, is
rejected. Although if o value was to be taken as 0.1, grade may be considered as significant
with 10% meaningfulness. Looking at Table 4.3 for keeping the seat belt fasten throughout
the journey, mean value for 7t grade students were found to be lower than 6 and 8% grade
students.
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Table 4.5 - Test Between-Subjects Effects for behavior of keeping the seat belt fasten

throughout the journey
Type III Partial E
Source ype LI Sum Df |Mean Square F Sig. artial Eta
of Squares Squared
Corrected
Model 14.405 5 2.881 1.433 216 .048
Intercept 610.765 1 610.765 303.731 .000 .680
Gender 464 464 231 .632 .002
Grade 9.444 2 4.722 2.348 .099 .032
*
Gender 2.500 2 1.250 622 | 539 009
Grade
Error 287.555 143 2.011
Total 1024.000 149
Corrected Total]  301.960 148

Lastly for the suitability of the seat belt, gender, grade or both together were found to be not

significant, with having significance values of 0.705, 0.504 and 0.980 respectively (Table 4.6).

Not rejecting the null hypotheses as the significance values are greater than «a, it can be

inferred that the suitability of seat belt does not show any difference for grade or gender.

As a result it can be inferred that, neither gender nor the grade (age) of the students have an
effect on the fastening behavior, which is also supported by Lou et al. (2011).

Table 4.6 - Test Between-Subjects Effects for the suitability of the seat belt

Source Type Il Sum Df [Mean Square F Sig. Partial Efa
of Squares Squared
C;;ie;zd 3.341 5 668 290 | 918 010
Intercept 1083.912 1 1083.912 470.650 .000 .767
Gender 332 1 332 144 .705 .001
Grade 3.169 2 1.584 .688 504 .010
Gender * Grade .093 2 .046 .020 980 .000
Error 329.330 143 2.303
Total 1716.000 149
Corrected Total 332.671 148

4.1.4. Perceived Discomfort

4.1.4.1. Thermal Discomfort

Regarding the discomfort from weather conditions questions 12, 13, 14 and 15 were asked. In
these questions whether it is hot or cold in the bus regarding spring and winter were asked
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then, students were questioned to mention if they feel any discomfort regarding this
conditions were asked as feeling of discomfort from high or low temperatures. One sample
statistics of the results (Appendix E) showed that students evaluated the bus as hot in spring
months with a mean value of 4.32, and mentioned discomfort regarding the high
temperature with a mean value of 4.06. In both, confidence intervals do not include value 3,
which indicates discomfort from high temperatures also. This result can be associated with
the design of the school buses. As the windows at the passenger side of the bus are locked
and cannot be opened, design of the ventilation or air conditioner placements may not be
sufficient to provide thermal comfort in these months.

On the other hand, in winter months, students did not tend to express discomfort regarding
cold. Mean values of whether it is cold and whether they feel cold were found to be 2.88 and
2.63 respectively. Looking at the confidence intervals, it is seen that although the answer to
whether it is cold in the bus includes mean value of 3, answer on if they feel any discomfort
from that, namely feel cold, does not include value 3 (Appendix E). From this result it can be
said that, although students rate the bus as cold, they mentioned less discomfort from cold.
This may have a psychological aspect, but it is not examined in depth, as it is not in the
scope of this study.

Also with One-Sample T-test, for the comparison of mean values with 3, hypothesis was
formed to be;
Hy:pu=3
Hi:p+3
a =0.05
Reject H, if, « < 0.05

Looking at the 1¢t, 31 and 4% rows of Appendix F, it is observed that they have significance
smaller than 0.05, which indicates the rejection of the null hypothesis H,, showing non-
equality to 3. Looking at the mean differences it is observed that students tend to assess the
school bus as hot, and feel discomfort related to this as they have positive values. Feeling of
cold on the other hand has negative mean difference, indicating no discomfort.

Looking at the correlations between assessing the school bus as hot or cold and feeling hot
and cold, with the hypothesis;
Hy:p=0
Hi:p#0
a =0.05
Reject H, if, a < 0.05

Significance level is zero between bus being hot and disturbance by hot and bus being cold
and disturbance by cold, null hypothesis is rejected, which concludes that there exists a
correlation between these values. Also from Table 4.7 it is seen that, a higher correlation
exists between buses being cold and feeling cold, which implies that sensation of cold is
perceived greater than hot.
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Table 4.7 — Correlation between thermal assessment of school bus and feelings of hot/cold

It is hot It 1s.
in the cold in
) ) the bus | Disturbance | Disturbance
Correlations bus in .
sprin in of hot of cold
pring winter
months
months
Pearson Correlation 1 0.3 0.453 0.203
Sig. (2-tailed) 0 0 0.013
Sum of Squares and Cross- | o015 | 59560 | 745846 40.034
products
It is hot
in the Covariance 0.866 0.401 0.506 0.27
bus in N 149 149 149 149
Spring Bias 0 0.001 0.002 0.004
months
Std. Error 0 0.069 0.08 0.069
Bootstra
Proos%  fower| 1 0.161 0.286 0.069
Confidence
Interval  ypper| 1 0.426 0.6 0.329
Pearson Correlation 0.3 1 0.244 0.685
Sig. (2-tailed) 0 0.003 0
Sum of Squares and Cross- | 5o 300 | 30506 | 62141 208.839
products
It is cold
in the Covariance 0.401 2.061 0.42 1.411
bus in N 149 149 149 149
winter Bias 0.001 0 0 0.002
months
Std. Error 0.069 0 0.076 0.059
Bootstra o
P 95% Lower| 0.161 1 0.095 0.571
Confidence
Interval Upper| 0.426 1 0.385 0.801

4.1.4.2. Discomfort from noise and jouncing

Disturbance from the music or noise of other students were found to be low with mean
values between 1.5 and 2.31 as given in Appendix E. For testing the equivalence of the mean
values to 3, hypothesis was formed as;
Hy:pu=3
Hi:u+3
a = 0.05
Reject H if, a < 0.05
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Looking at One-Sample T-test results (Appendix F), although with significance values
smaller than 0.05 indicates the rejection of H,, mean differences were negative, which shows
that students do not feel discomfort in relation to music or noise of their friends.

Although students do not tend to be disturbed by music or noise, it was examined if the
timing of the journey has any relationship with this type of discomfort. In order to assess
whether students tend to feel more discomfortable in the morning or in the evening by
music or noise of their friends, first the hypothesis was created in order to see if there exists a
correlation between morning and evening disturbances. As p being the population
correlation coefficient, two pairs are considered. Pair 1 consists of music disturbance in the
morning and in the evening; Pair 2 consists of disturbance from noise of others in the
morning and in the evening. For both pairs, hypotheses were formed as;

Hy:p=0

Hi:p#0

a = 0.05
Reject Hy if, @ < 0.05

For both pairs the significance levels were found to be smaller than 0.05 with correlations of
0.623 and 0.661 respectively for Pair 1 and Pair 2 (Table 4.8). This leads to the rejection of null
hypothesis that correlation does not exist. As a result it can be said that morning disturbance
from music can be explained or interfered by using the amount of evening disturbance with
a value around 0.39, the square of their correlation coefficient. Also existence of a correlation
indicated that mean difference is expected to be zero, indifferent.

Table 4.8 - Correlation between morning and evening journeys and disturbance from music

or noise
Bootstrap for Correlation
Paired S 1 9 i
aire amp es N | Correlation | Sig. Std. 95% Confidence
Correlations Bias Interval
Error
Lower | Upper
Music disturbs in
the morning
Pair1 | journeys & Music |149 0.623 0 0 0.097 | 0.423 0.801
disturbs in the
evening journeys
Friends making
noise disturbs in the
Pairz | MOTMnBJoumeyS & {51 o661 | 0 | 0.001 | 0.064 | 0533 | 0782
Friends making
noise disturbs in the
evening journeys
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Also a Paired Sample Test was done to compare the mean values within pairs. For this test a
new hypothesis was formed. Mean differences between morning and evening journeys for
both types of discomforts were calculated as;

XdZXm_Xe

Where X,,,is the mean value of disturbance in the morning from music or noise and X, is the
mean value of disturbance in the evening from music or noise. Taking the mean value of
X measures of each data point, X, value is obtained. From this sample data inferences were
made on i, . At the end the hypothesis is formed in order to see if there exists a difference
between morning and evening journeys to be;

HO: Ha = 0

Hl: Ha #=0

a = 0.05
Reject H, if, a < 0.05

As seen in Table 4.9, significance levels of both pairs were found to be greater than 0.05 with
values 0.925 and 0.841 respectively for Pair 1 and Pair 2. With this values, null hypothesis is
not rejected, meaning there exists no significant difference between the answers of students
given on morning and evening disturbances regarding music and noise of their friends.
From these results, it can be indicated that, if a student feels discomfort from music or noise
in the morning, he or she would probably feel the same in the evening, and this type of
discomfort is not dependent on the timing of journey.

Table 4.9 — Paired Sample Test between disturbances from music or noise in the morning
and evening journeys.

Paired Differences

95% Sig
Paired Sample Test Std. Std. Confidence t df (2-
Mean Error | Interval of the )
Deviation tailed)

Mean | Difference

Lower | Upper

Music disturbs in
the morning
Pair 1 | journeys & Music |-0.007 | 0.866 0.07 |-0.147 | 0.133 |[-0.095|148]| 0.925
disturbs in the
evening journeys

Friends making
noise disturbs in
the morning
journeys &
Friends making
noise disturbs in

Pair 2 0.02 1.222 0.1 |-0.178 | 0.218 | 0.201 [(148] 0.841

the evening
journeys
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Discomfort level from the jouncing during the journey was also found to be low, with a
mean value of 2.64. This can be related with the mechanics of the school busses used. With
the age limitations and continuous maintenance, jouncing is prevented.

4.1.4.3 Discomfort on Body Parts

Five main body areas were considered in this study which are, neck, shoulders, back, thighs
and legs. In addition to a general assessment of existence of discomfort, specific types of
discomfort were defined as;

o Excessive Pressure
e Stiffness

o Ache

e Soreness

e Prickling Sensation
e Numbness

Selection of these descriptive terms for discomfort is based on Slectra et.al. (1957). Terms are
associated with three different origins of body discomfort. As stated by Slectra et.al. (1957);
“excessive pressure is associated with superficial sensations originating in the skin and
underlying tissues caused by contact with parts of the seat. Stiffness, ache and soreness would
describe discomforts originating in the deeper-lying body parts such as the muscles and
joints which would be involved in postural discomfort. Prickling sensation and numbness
would be associated with pressures caused by contact with the seat which are great enough
to interfere with the circulation of blood in certain body regions”.

With the given frequencies among the students with a discomfort on the specific body part
(Table 4.10), leading complaints were, ache on the neck, stiffness on the shoulders, ache on
the back, numbness on the thighs and legs. The most problematic areas were found to be
neck and legs.

Table 4.10 — Frequencies of Discomfort on Body Parts experienced by students

Existence
Fr?ril;zcy of an())rfkmd ]ij(rzs:::: Stiffness | Ache [ Soreness g::;ltlir;i Numbness
discomfort
Neck 52.3% 3.4 19.5 23.5 2.7 5.4 8.7
Shoulders 39.6% 2 16.1 14.1 4 4 6.7
Back 48.3% 5.4 10.7 24.2 4 4.7 8.7
Thighs 36.9% 2.7 6 8.7 6.7 74 10.1
Legs 51% 2.7 47 11.4 2.7 14.1 28.2

As from the nature of the questions, participants were able to express more than one type of
discomfort for each body part. In general stiffness is most commonly felt in neck and
shoulders. Ache is experienced primarily in the neck and back. Prickling sensation and
numbness is frequent primarily on the thighs and legs, which suggests that excessive
pressure caused an interference with the circulation in this area.
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4.1.4.3.1 Neck Discomfort

Mean value of feeling discomfort in this area is found to be 2.42. From one-sample t-test
results with the hypothesis;
Hy:p=3
Hyi:p#3
a = 0.05
Reject H if, a < 0.05

Null hypothesis is rejected with significance level of zero, indicating the mean is different
than 3. With a mean difference value of -0.581, neck discomfort is not a significant problem.
Further analysis although showed that 52.3% of the students expressed that they feel
discomfort on the neck area. Among the participants expressing a discomfort on this area,
ache is the primary complaint followed by stiffness. Among body parts, although found to
be insignificant, neck discomfort is rated as the most problematic area. This can be attributed
to neck region being the most sensitive area in which even at very low levels of pressure can
discomfort can be observed (Franz et al., 2012).

In order to identify the relationship between neck discomfort and factors of gender, grade,
seat dimensions and features were evaluated and a regression analysis was made. For the
regression analysis, Backward Regression Method is used. In this method, all the possible
factors that may contribute to explain the variation are given in the first model, which is
named as Full Model. SPSS runs F-test with all possible variables at a 0.1 level of
significance, and removes the ones with smaller significance from the model in each step., Y
being the Full Model, Y being the Restricted Model, two regression equations, beginning and
end models can be given as;

Y = Bo+ B1X1 + B2X2 + B3Xs + BaXa + BsXs + BeXe + B7X7 + BsXs + LoXo + B1oX10 + P11X11
+ B12X12 + B13X13 + €1 €Y

? = oo + o1X1 + 02Xz + a3X3 + oauXs + asXs + agXe + a7X7 + agXg + a9Xg + 010X10 + a11X11 +
azXiz + a3Xiz + €2 (2)

Hypothesis test is done for each B, value, withi=1,2... 13 as;

Ho:ﬁi =0
Hllﬁi ¢0
a=0.10

Reject Hy if, @ < 0.10

Rejection of the null hypothesis results as the removal of the corresponding variable from
the regression model, therefore forming the restricted model.

Performing the same hypothesis test for each variable end model is formed at 10t model,
with an R? value of 0.284, meaning 28% of the total variation in neck discomfort can be
explained by the factors in the restricted model. Regarding neck discomfort, seat pan
cushion hardness, seat back height, back cushion shoulder and waist support were found to
be explaining 28% of variation in neck discomfort.
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Table 4.11 — Summary of model relating neck discomfort to gender, grade and seat
dimensions and features

Std.
Adj E f
Model R R Square djusted | Error o
R Square the
Estimate
10 533 0284 | 0264 | 1.227

Table 4.12 - ANOVA Model relating neck discomfort to gender, grade and seat dimensions
and features

Model Sumof | 4 Mean F Sig.
Squares Square
Regression 91.817 13 7.063 4.525 .000
1 Residual 210.693 135 1.561
Total 302.51 148
Regression 85.863 4 21.466 | 14.268 .000
10 Residual 216.647 144 1.504
Total 302.51 148

Table 4.13 — Coefficients for model relating neck discomfort to gender, grade and seat
dimensions and features

Unstandardized |Standardized
Coefficients Coefficients .
Model t Sig.
B Std. Beta
Error
(Constant) 3.889 0.364 10.673 0
Seat hi
eat pan cushion 0.296 | 0.095 0.24 3.118 | 0.002
hardness
Seat back height 0.244 0.13 0.139 1.878 0.062
10
t k cushi
Seatback cushion | o) | 145 -0.259 22,631 | 0.009
shoulder support
Seat back cushion | 105 | 407 -0.172 1768 | 0.079
waist support
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4.1.4.3.2 Shoulder Discomfort

Mean value of feeling discomfort on the shoulders is found to be 2.21. From one-sample t-
test results with the hypothesis;

Hy:p=3

Hi:p#3

a =0.05
Reject H if, a < 0.05

Null hypothesis is rejected with significance level of zero, indicating the mean is different
than 3. With a mean difference value of -0.791, shoulder discomfort is not a significant
problem. Further analysis although showed that 39.6% of the students expressed that they
feel discomfort on the shoulder area. Among the participants expressing a discomfort on this
area, stiffness is the primary complaint followed by ache.

In order to identify the relationship between shoulder discomfort and factors of gender,
grade and physical features were evaluated and with a regression analysis was, as similar to
the one done for the neck area. For the regression analysis, hypothesis test is done for each {3,

value, withi=1,2... 13 as;

Ho:ﬁi =0
Hl:[gi *0
a =0.10

Reject Hy if, @ < 0.10

Performing the same hypothesis test for each variable end model is formed at 12t model,
with an R? value of 0.213, meaning 21% of the total variation in shoulder discomfort can be
explained by back cushion hardness and back cushion shoulder support.

Table 4.14 — Summary of model relating shoulder discomfort to gender, grade and seat
dimensions and features

Std.
Adj E f
Model R R Square djusted | Error o
R Square the
Estimate
12 462 0.213 0.203 1.21
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Table 4.15 — ANOVA Model relating shoulder discomfort to gender, grade and seat
dimensions and features

Model Sumof | ¢ Mean F Sig.
Squares Square
Regression 68.455 13 5.266 3.498 .000
1 Residual 203.236 135 1.505
Total 271.691 148
Regression 57.963 2 28.981 | 19.798 .000
12 Residual 213.728 146 1.464
Total 271.691 148

Table 4.16 — Coefficients for model relating shoulder discomfort to gender, grade and seat
dimensions and features

Unstandardized |Standardized
Coefficients Coefficients )
Model t Sig.
B Std. Beta
Error
(Constant) 3.078 0.335 9.182 0
k cushi
Seat back cushion 0301 | 0.089 0.268 3394 | 0.001
12 hardness
Seat back cushion 0311 | 0.085 -0.289 -3.654 0
shoulder support

4.1.4.3.3 Back Discomfort

Mean value of feeling discomfort on the back is found to be 2.40. From one-sample t-test
results with the hypothesis;

Hy:p=3

Hi:p+3

a = 0.05
Reject H, if, a < 0.05

Null hypothesis is rejected with significance level of zero, indicating the mean is different
than 3. With a mean difference value of -0.601, back discomfort is not a significant problem.
Further analysis although showed that 48.3% of the students expressed that they feel

discomfort on this area, with ache being the primary complaint.

In order to identify the relationship between back discomfort and factors of gender, grade
and physical features were evaluated and with a regression.

For the regression analysis, hypothesis test is done for each {3, value, withi=1, 2... 13 as;
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Hy:p, =0

Hy: [Si =0

a=0.10
Reject H if, @ < 0.10

Performing the same hypothesis test for each variable end model is formed at 12 model,
with an R? value of 0.259, meaning nearly 26% of the total variation in of discomfort on the
back area can be explained by back cushion hardness and back cushion waist support.

Table 4.17 - Summary of model relating back discomfort to gender, grade and seat
dimensions and features

Std.
Adjusted | Error of

1 R R
Mode Square R Square the
Estimate
12 .509 0.259 0.249 1.255

Table 4.18 - ANOVA Model relating back discomfort to gender, grade and seat dimensions
and features

Model Sumof |4 | Mean F Sig.
Squares Square
Regression 89.377 13 6.875 4.206 .000
1 Residual 220.65 135 1.634
Total 310.027 148
Regression 80.256 2 40.128 | 25.498 .000
12 Residual 229.771 146 1.574
Total 310.027 148

Table 4.19 — Coefficients for model relating back discomfort to gender, grade and seat
dimensions and features

Unstandardized |Standardized
Coefficients Coefficients )
Model t Sig.
B Std. Beta
Error
(Constant) 3.667 0.332 11.031 0
Seat back cushi
eat back cusiuion 0257 | 0.092 0.214 278 | 0.006
12 hardness
Seat back cushion waist -0.43 0.086 -0.387 -5.025 0
support
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4.1.4.3.4 Thigh Discomfort

Mean value of thigh discomfort is found to be 2.19. From one-sample t-test results with the
hypothesis;

Hy:p=3

Hi:p+#3

a =0.05
Reject H if, a < 0.05

Null hypothesis is rejected with significance level of zero. With a mean difference value of -
0.811, thigh discomfort is not a significant problem. Analysis although showed that 36.9% of
the students mentioned a specific type of discomfort on thigh area, with numbness ranked as
the highest complaint.

For the regression analysis to identify the relationship between thigh discomfort and factors
of gender, grade and physical features, hypothesis test is done for each B, value, with i

changing from 1 to 13 as;

Ho:f)i =0
Hl:[gi ¢0
a=0.10

Reject Hy if, @ < 0.10

End model is formed at 12t model, with an R? value of 0.314, meaning 31% of the total
variation in of discomfort on the back area can be explained by seat pan cushion hardness
and back cushion waist support.

Table 420 — Summary of model relating thigh discomfort to gender, grade and seat
dimensions and features

Std.
Adjusted | Error of

1 R R
Mode Square R Square the
Estimate
12 561 0.314 0.305 1.14

Table 4.21 — ANOVA Model relating thigh discomfort to gender, grade and seat dimensions
and features

Model Sum of df Mean F Sig.
Squares Square
Regression 93.091 13 7.161 5.269 .000
1 Residual 183.46 135 1.359
Total 276.55 148
Regression 86.884 2 43.442 33.44 .000
12 Residual 189.667 146 1.299
Total 276.55 148
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Table 4.22 — Coefficients for model relating thigh discomfort to gender, grade and seat
dimensions and features

Unstandardized |Standardized
Coefficients Coefficients .
Model t Sig.
B Std. Beta
Error
(Constant) 3.379 0.293 11.523 0
Seat pan cushion 0338 | 0.086 0.288 3.934 0
12 hardness
Seat back cushion waist 041 0.077 -0.391 -5.351 0
support
4.1.4.3.5 Leg Discomfort

Mean value of perceived leg discomfort is found to be 2.24. From one-sample t-test results
with the hypothesis;

Hy:pu=3

Hi:p+3

a =0.05

Reject H, if, a < 0.05

Null hypothesis is rejected with significance level of zero. With a mean difference value of -
0.764, leg discomfort is not a significant problem. Analysis although showed that 51% of the
students mentioned a specific type of discomfort on this area, with numbness ranked as the
highest complaint.

For the regression analysis to identify the relationship between leg discomfort and factors of
gender, grade and physical features, hypothesis test is done for each P, value, with i

changing from 1 to 13 as;

Ho:f)i =0
Hl:[si *0
a =0.10

Reject H, if, @ < 0.10

End model is formed at 12t model, with an R? value of 0.207, meaning nearly 21% of the
total variation in of discomfort on the back area can be explained by seat pan cushion
hardness and back cushion waist support.

Table 4.23 — Summary of model relating leg discomfort to gender, grade and seat dimensions
and features

Std.
Model R R Square Adjusted | Error of
R Square the
Estimate
12 .455 0.207 0.196 1.186
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Table 4.24 — ANOVA Model relating leg discomfort to gender, grade and seat dimensions
and features

Model Sumof | ¢ Mean F Sig.
Squares Square
Regression 56.409 13 4.339 2.895 .001
1 Residual 202.37 135 1.499
Total 258.779 148
Regression 53.555 2 26.777 19.05 .000
12 Residual 205.224 146 1.406
Total 258.779 148

Table 4.25 — Coefficients for model relating thigh discomfort to gender, grade and seat
dimensions and features

Unstandardized |Standardized
Coefficients Coefficients .
Model t Sig.
B Std. Beta
Error
(Constant) 3.107 0.305 10.184 0
t hi
Seat pan cushion 028 | 0.089 0.246 3135 | 0.002
12 hardness
Seat back cushion waist 031 0.08 -0.306 -3.802 0
support

Being the second highest area of discomfort, 51% of the participants mentioned that they feel
a specific type of discomfort on their legs. Numbness was the leading type of discomfort for
this area.
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Table 4.26 — Relationship between discomfort types and variation sources
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4.1.4.3.6 Comparison of Discomfort Levels

In order to see if any specific area of discomfort was assessed to be more problematic, one
way ANOVA comparisons were used. In the hypothesis testing, null hypothesis of equal
importance is compared with the alternative hypothesis of at least one different.

U1: Mean discomfort on the neck
Uy : Mean discomfort on the shoulders
Uz : Mean discomfort on the back
Uy : Mean discomfort on the legs
Us : Mean discomfort on the thighs
Hypothesis was formed as;
Ho: py = o = i3 = g = Us
H;: At least one ujis different,j = 1,2,3,4,5
a = 0.05
Reject H, if, a < 0.05

According to the result of ANOVA with this hypothesis, significance was found to be 0.449
(Table 4.27). This significance level is greater than the significance level of the hypothesis so
the null hypothesis is not rejected, meaning none of the discomfort types are significantly
different then each other.
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Table 4.27 — ANOVA for the significance of mean on discomfortable body parts

Sum of Squares Df Mean Square F Sig.
Between Groups 7.093 4 1.773 924 449
Within Groups 1419.557 740 1.918
Total 1426.650 744

4.1.4.4 Suitability and Comparison of Seat Features

In this part, questions with answers ranging from value of -3 to 3 were evaluated and
compared with value of “0”, which is the mid value, corresponding to “suitable”. One-
Sample Statistics and One sample t-test Table for the related questions were given in
Appendix Q and Appendix T respectively. For all the comparisons same hypothesis test
were done, which is given as following;

Hy:p=3

Hi:p+3

a = 0.05

Reject Hy if, @ < 0.05

Questions considered in this part are mainly related to design features of the bus seat. Four
main features were subject to evaluation as, seat pan, seat back, headrest and armrest.

Ratings for specific answers are given in Table 4.28 below.

Table 4.28 — Rating scale for answers regarding seat dimensions and features

3 1 0 -1 -3
tP hi
Seat Pan Cushion too firm firm |normal | slightly soft too soft
Hardness
. . . slightly
Seat Pan Width too wide wide | normal too narrow
narrow
Seat Pan Length too long long | normal short too short
t Back Cushi
Seat Back Cushion too firm firm |normal| slightly soft too soft
Hardness
. . . slightly
Seat Back Width too wide wide | normal too narrow
narrow
Seat Back Height too long long | normal short too short
Headrest Cushion : . .
too firm firm |normal| slightly soft too soft
Hardness
. . . slightly
Headrest Width too wide wide | normal too narrow
narrow
Headrest Height too high high | normal low too low
Armrest Length too long long | normal short too short
lightl
Armrest Width too wide wide | normal SIS too narrow
narrow
Armrest Height too high high | normal low too low
too cl
Armrest Distance o0 close close | normal | slightly apart | too apart
together
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Among the mean comparisons related to design features, three features were found to have
a significance level a smaller than 0.05. These were seat pan cushion hardness, seat back
cushion hardness and headrest cushion hardness. Rest of the features lack the evidence for
the rejection of the null hypothesis stating the mean value to be equal to zero. Seat pan
cushion hardness with significance level of 0.003 and positive mean difference of 0.676
indicates the result that students perceive the seat pan as “firm” rather than “normal”. Also
seat back cushion hardness and headrest cushion hardness have significance levels of 0.020
and 0.024 and positive mean differences of 0.459 and 0.432 respectively, indicating a
perception of firmness.

4.1.4.4.1 Comparison of Seat Pan Features

One-way ANOVA is used then to compare if a specific factor have been considered as more
important or different by students in the course of evaluation of seat feature. In order to see
if any specific area of discomfort was assessed to be more problematic

Regarding the Seat pan, three main features, seat pan cushion hardness, seat pan width and
seat pan length were considered. In order to form the hypothesis, first 1 values need to be
assigned properly.

U1: Mean value for seat pan cushion hardness

Uy : Mean value for seat pan width

U3 : Mean value for seat pan length

Hypothesis is as follows;

Ho: py = pp = i3
H;: At least one u;j is dif ferent,j = 1,2,3
a = 0.05

Reject H, if, a < 0.05

According to the result of ANOVA with this hypothesis, significance was found to be 0
(Table 4.29). This significance level is lower than the significance level of 0.05 so the null
hypothesis is rejected. This result showed that at least one of the features is different
regarding its mean value. In order to see which one is significant further evaluation was
made using paired samples (Table 4.30).

Table 4.29 — ANOVA model for Seat Pan Features

Sum of Df Mean Square F Sig.
Squares
Between Groups 33.105 2 16.553 18.104 .000
Within Groups 405.960 444 914
Total 439.065 446

In the Multiple comparisons, all three features related to seat pan is compared in pairs with
the remaining features rather than itself. Hypothesis was structured as the null hypothesis
suggesting the equality of their means and alternative hypothesis suggesting the non-
equality of their means, at a significance level of a=0.05
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Table 4.30 — Multiple comparisons between seat pan features

(D) Type | (J) Type 95% Confidence
Mean
of the of the ] Std. ) Interval
Seat P Seat P Difference E Sig.
eat Pan eat Pan (L-]) rror Lower Upper
Feature | Feature Bound | Bound
Width 584 0.12 0 0.3 0.87
Hardness
Length .570 0.114 0 0.3 0.85
Hardness -.584 0.12 0 -0.87 -0.3
Dunnett Width
T3 Length -0.013 0.097 0.999 -0.25 0.22
Hardness -.570 0.114 0 -0.85 -0.3
Length
Width 0.013 0.097 0.999 -0.22 0.25

From Table 4.30 with a significance level of zero, rejecting the null hypothesis on equality of
the mean values, cushion hardness was found to be the most distinctive feature of the seat
pan in relation to discomfort. From the previous results showing neck, thigh and leg
discomfort as related with seat pan cushion hardness, seat pan cushion hardness may be
regarded as a possible problem with being too firm. This also shows that students are able to
detect the difference of contribution to discomfort between seat pan cushion hardness, seat
pan width and length.

4.1.4.4.2 Comparison of Seat Back Features

Regarding the Seat Back, again three main features, as seat back cushion hardness, seat back
width and seat back height were considered. p values are assigned as;

U1: Mean value for seat back cushion hardness
Uy, : Mean value for seat back width

U3 : Mean value for seat back height

Hypothesis is as follows;

Hy: py = pp = i3
Hy: At least one u;j is dif ferent,j = 1,2,3
a = 0.05

Reject H, if, a < 0.05

According to the result of ANOVA with this hypothesis, significance was found to be 0
(Table 4.31). This significance level is smaller than 0.05, which is the significance level of the
hypothesis. As the null hypothesis is rejected, with at least one of the features being
different in mean value, in order to identify the feature with different mean, further
evaluation was made using paired samples (Table 4.32).
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Table 4.31 - ANOVA model for Seat Back features

Sum of Df Mean Square F Sig.
Squares
Between Groups 51.315 2 25.658 29.379 .000
Within Groups 387.758 444 873
Total 439.074 446

All three features related to seat back are compared in pairs with the remaining features
rather than itself. Hypothesis was structured as the null hypothesis suggesting the equality
of their means and alternative hypothesis suggesting the non-equality of their means, at a
significance level of a=0,05

Table 4.32 — Multiple comparisons between seat back features

() Type | () Type 95% Confidence
of the of the Mean
. Std. . Interval
Seat Seat | Difference Error Sig.
Back Back I-]) Lower | Upper
Feature | Feature Bound | Bound
Width .758 0.115 0 0.48 1.03
Hardness
Height .671 0.119 0 0.38 0.96
Hardness -.758 0.115 0 -1.03 -0.48
Dunnett Width
T3 Height -0.087 0.088 0.691 -0.3 0.13
Hardness -.671 0.119 0 -0.96 -0.38
Height
Width 0.087 0.088 0.691 -0.13 0.3

From Table 4.32 with a significance level of zero, rejecting the null hypothesis on equality of
the mean values, cushion hardness was found to be the most distinctive feature of the seat
back in relation to discomfort. This also shows that students are able to detect the difference
of contribution to discomfort between distinct features.

4.1.4.4.3 Comparison of Armrest Features

In evaluation of armrest features, length, width, height and distance between armrests were
considered. u values are assigned as;

H1: Mean value for armrest lenght
U : Mean value for armrest width
U3 : Mean value for armrest height
Uy : Mean value for armrest distance
Hypothesis is as follows;

Ho: g = o = Uz = Uy

Hy: At least one y; is dif ferent,j = 1,2,3
a = 0.05
Reject Hy if, @ < 0.05
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From ANOVA with this hypothesis, significance was found to be 0.001 (Table 4.33). This
significance level is less than 0.05, the significance level of the hypothesis. The null
hypothesis is rejected, with a conclusion of at least one of the features being different in
mean value. Further evaluation was made using paired samples (Table 4.34).

Table 4.33 - ANOVA model for Armrest features

Sum of Df Mean Square F Sig.
Squares
Between Groups 6.485 3 2.162 5.431 .001
Within Groups 132.155 332 .398
Total 138.640 335

All three features related to seat back are compared in pairs with the remaining features
rather than itself. Hypothesis was structured as the null hypothesis suggesting the equality
of their means and alternative hypothesis suggesting the non-equality of their means, at a
significance level of a=0.05

Table 4.34 — Multiple comparisons between armrest features

T 95% Confidence
(I) Type of () Type Mean °
of the . Std. ] Interval
the armrest Difference Sig.
armrest Error Lower | Upper
feature I-D
feature Bound | Bound
Width 214 0.097 1 0.028 0.02 0.41
Length Height -0.06 0.097 | 0.541 -0.25 0.13
Place -0.167 0.097 | 0.088 -0.36 0.02
Length -214 0.097 | 0.028 -0.41 -0.02
Width Height -274 0.097 | 0.005 -0.47 -0.08
LSD Place -.381 0.097 0 -0.57 -0.19
Length 0.06 0.097 | 0.541 -0.13 0.25
Height Width 274 0.097 | 0.005 0.08 0.47
Place -0.107 0.097 | 0.272 -0.3 0.08
Length 0.167 0.097 | 0.088 -0.02 0.36
Place Width .381 0.097 0 0.19 0.57
Height 0.107 0.097 | 0.272 -0.08 0.3

From Table 4.34 with significance levels below 0.05, rejecting the null hypothesis on equality
of the mean values, armrest width was found to be the most distinctive feature of the
armrest in relation to discomfort.

4.1.4.5 Journey Duration and Discomfort

Discomfort increases with prolonged sitting (Helander and Zhang, 1997). In order to
examine the contribution of journey duration on discomfort, correlation between morning
and evening durations and any kind of discomfort existence needs to be investigated.
Journey durations in the mornings and evening were found to be correlated significantly,
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indicating that students tend to spend approximately same amount of time in the mornings
and in the evenings. With a correlation between journey durations, as also seen in Table 4.35,
correlations with discomfort in specific body parts were found to be close to each other. The
hypotheses on population correlation were formed as;

Hy:p=0

Hi:p#0

a =0.05
Reject H if, a < 0.05

The most related location of discomfort with the journey duration is found to be the neck
area with correlation coefficient of 0.226 and significance level of 0.006, which is lower than
0.05, indicating the rejection of the null hypothesis that there exists no correlation. If
examined separately for morning and evening journeys, duration of the evening journey is
found to be also related with discomfort in back, legs and thighs. Although the correlation
coefficients are relatively small, indicating a weak correlation, this result can be tied to a
reason. In the evenings after a school day with attention in lectures, seating in school
furniture, spending energy, students tend to be more aware of feeling discomfort as a result
of accumulation, and may feel more discomfort.
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Table 4.35 — Correlations between journey durations and types of discomfort

]((l)urn.ey Journey | Discom. | Discom. | Discom. | Discom. | Discom.
Correlations ltllrl'em dur. in on the on the on the on the on the
the even. | neck |shoulder| back legs thigh
morn.
Pears. 1 0765 | 0226 | 0104 | 0153 | 0.158 | 0.145
Journey | Corr.
dur. in Sior (2
the ig.(2- 0 0.006 | 0209 | 0063 | 0055 | 0.077
tailed)
morn.
N 149 149 149 149 149 149 149
Pears. 1 765 1 0226 | 0134 | 0.162 0.21 0.183
Corr.
Journey
dur. in Sig.(2-
the even. | tailed) 0 0.006 | 0102 | 0.049 0.01 0.025
N 149 149 149 149 149 149 149
Pears. 5506 | 0226 1 0735 | 0672 | 0643 | 0.618
. Corr.
Discom.
on the Sig.(2-
neck | ileqy | 0006 | 0006 0 0 0 0
N 149 149 149 149 149 149 149
Pears.- 10104 | 0134 | 0735 1 0773 | 0544 | 0.599
. Corr.
Discom.
on the Sig.(2-
shoulder | taitedy | 0209 | 0102 0 0 0 0
N 149 149 149 149 149 149 149
Pears. 1 153 | 0162 | 0672 | 0773 1 0571 | 0.674
. Corr.
Discom.
on the Sig.(2-
back | aileq) | 0063 | 0049 0 0 0 0
N 149 149 149 149 149 149 149
P .
cars- 1 0.158 0.21 0643 | 0544 | 0571 1 0.616
. Corr.
Discom.
on the Sig.(2-
tegs | taiteqy | 005 0.01 0 0 0 0
N 149 149 149 149 149 149 149
Pears- | 5145 | 0183 | 0618 | 0599 | o674 | 0616 1
. Corr.
Discom.
on the Sig.(2-
thigh | wileq) | 0077 | 0025 0 0 0 0
N 149 149 149 149 149 149 149
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From the Table 4.35, it was also found that, there exist significantly strong correlations
between feelings of discomfort in different regions. From this result it can be inferred that
students feeling discomfort in one of the regions tend to feel discomfort in others too. This
result is relevant, as for the relation between neck and shoulder, same muscle groups are
used.

4.1.4.5.1 Logistic Regression

Logistic regression is suitable to use when the dependent variable is not continuous. In the
logistic regression, likelihood of Y, the response variable is predicted on given X values.
With p being the probability that the dependent variable is equal to 1, logistic formula is
stated as;

1n<1fﬁ)= B, +B,X

From this definition including a familiar equation of regression line and natural logarithm, p
value can also be computed from the regression equation for a given value of X by;

~ ePoth X
P= 1 fofiX

Binary logistic regression is most useful when the dependent variable is either 1 or 0. With
the light of this information logistic regression is used in this study to see if journey time
could be used to estimate the likelihood of having neck, shoulder, back, and thigh or leg
discomfort.

When the morning and evening journey durations were used for the estimation of any neck
related discomfort, the hypothesis was formed as following, with 8, being the coefficient of
X, the evening journey duration, model omits moming journey duration, as it is highly
correlated with evening journey duration;

Hy:p, =0

Hi: B , 70

a=0.10
Reject H, if, @ < 0.10

With this hypothesis the coefficient of X, being a constant number rather than zero indicated
that possibility of Y can be explained depending on X. Variables in the equation were found
as related to evening journey duration and the coefficients were found as in Table 4.36
below;

Table 4.36 — Logistic Regression Coefficients for neck discomfort

B S.E. Wald df Sig. |Exp(B)
Morning_duration .006 .017 134 1 715 1.006
Step1  Evening_duration .022 .016 1.717 1 190 1.022
Constant -.814 406 4.029 1 .045 443
p,:Evening_duration] .026 011 5918 1 .015 1.027
Step 2 p,:Constant =772 .389 3.940 1 .047 462
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With a significance level of 0.015 evening journey duration was found to be related to any
type of neck discomfort. The equation can be formed as;

X: evening journey duration (evening_time)
p="P (Any neck related discomfort response given the evening journey time)

o(=0.772+0.026+X)

p= 1 + e(-0.772+0.026+X)

Table 4.37 — Model summary of logistic regression between neck discomfort and journey
time

Step -2 Log Cox & Snell R | Nagelkerke R
likelihood Square Square
1 199.716 043 .057
2 199.850 042 .056

Having the same hypothesis for shoulder , back and thigh related discomfort and if it can be
estimated by journey durations yield only constant values for , meaning the coefficient 3 is

zero, thus evening journey duration can not be used to estimate the likelihood of any
shoulder, back or thigh discomfort.

Table 4.38 - Logistic Regression Coefficients for shoulder discomfort

B S.E. Wald df Sig. Exp(B)
Morning_time -.018 .018 942 1 332 .982
Step1 Evening_time .024 017 2.127 1 .145 1.024
Constant -.684 404 2.869 1 .090 505
Step 2 Evening_time .012 .010 1.292 1 256 1.012
P Constant _811 383 4.474 1 034 444
Step 3 Constant -.422 .168 6.355 1 .012 .656
Table 4.39 - Logistic Regression Coefficients for back discomfort
B S.E Wald df Sig. Exp(B)
Morning_time -.001 017 .002 1 964 999
Step1 Evening_time .015 .016 926 1 .336 1.015
Constant -.550 .395 1.934 1 164 577
Step 2 Evening_time .015 .010 2.068 1 .150 1.015
P Constant 555 377 2170 1 141 574
Step 3 Constant -.067 164 .168 1 .682 .935
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Table 4.40 - Logistic Regression Coefficients for thigh discomfort

B S.E. Wald df Sig. Exp(B)

Morning_time .004 .017 .066 1 .798 1.004

Step1 Evening_time .004 .016 .061 1 .806 1.004
Constant -.803 407 3.894 1 .048 .448

Step 2 Morning_time .008 .011 468 1 494 1.008
Constant -.771 .386 4.000 1 .045 462
Step 3 Constant -.536 .170 9.967 1 .002 .585

On the other hand with the same hypothesis formed, with {3, being the coefficient of X, the

evening journey duration for the estimation of any leg discomfort also revealed that evening
journey duration can be used to estimate existance of any kind of leg discomfort. With 3 ,

the coefficient of evening journey duration being 0.029, with 0.008 significance level. The
possibility can be written as;

p="P (Any leg related discomfort response given the evening journey time)

(=0.906+0.029+X)

P = e (-0.906+0.029+%)

Table 4.41 - Logistic Regression Coefficients for leg discomfort

B S.E. Wald df Sig. Exp(B)
Morning_time | -.006 017 .099 1 .753 .995
Step 1 Evening_time .033 017 3.733 1 .053 1.033
Constant -.870 408 4.545 1 .033 419
Step 2 Evening_time .029 011 6.929 1 .008 1.029
Constant -.906 .392 5.326 1 .021 404

Table 4.42 - Model summary of logistic regression between neck discomfort and journey
time

Step -2 Log Cox & Snell R | Nagelkerke R
likelihood Square Square
1 198.858 .050 067
2 198.957 .049 066

These results also show consistency with the previous explanation given under the heading
on Correlation between Journey Duration and Discomfort. It was shown that Evening
journey duration has stronger correlations with neck discomfort and leg discomfort.
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4.1.5 Perceived Comfort
4.1.5.1 General Bus Comfort

Mean value of 3.63 were found regarding general bus comfort, with significance level
smaller than 0.05 again and positive mean difference from t-test, it can be inferred that
students feel comfortable in the bus.

In order to find out which factors contribute to the general comfort evaluation of the bus,
firstly correlations of general bus comfort with other comfort related questions were
evaluated. It was found that bus comfort is highly correlated with bus seat comfort as given
in Table 4.43 among the other possible factors. This result coincides with the findings of
Kolich (2008) as seat comfort playing an important role in the perception of a vehicle’s
overall comfort.

Table 4.43 — Correlations between general bus comfort, seat comfort, music, jouncing and
weather

Bootstrap for Pearson
. Correlation
. Pearson Sig. 95%
Correlations . (1- N .
Correlation tailed) . Std. Confidence
ale Bias Error Interval
Lower | Upper
General bus 1 ‘ 149 0 0 1 1
comfort
B t
us sea 0.716 0 | 149 | -0.001 | 0053 | 0.602 | 0.815
comfort
General Music 0.356 0 149 | -0.003 | 0.084 | 0.177 | 0.514
bus
comfort Jouncing -0.25 0.001 | 149 | -0.002 | 0.088 | -0.427 | -0.075
Hot weather -0.364 0 149 | 0.001 0.06 -0.473 | -0.238
Cold weather -0.332 0 149 0 0.083 | -0.494 | -0.164

Taking 5 factors which are possibly related to bus comfort, an ANOVA was made. The
hypothesis formed measures if there exists a relationship between these factors and bus
comfort.

Ho: By =B2=P3=Ps=Ps
H;: At least one Bj is nonzero,j = 1,2,3,4,5
a = 0.05
Reject Hy if, @ < 0.05
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Table 4.44 - ANOVA Model relating general bus comfort to seat comfort, music disturbance,
jouncing disturbance, weather disturbance

Model Sumof | ¢ | Mean | g Sig.
Squares Square
Regression 130.624 5 26.13 | 36.508 .000
1 Residual 102.329 143 0.716
Total 232.953 148

With significance level smaller than 0.05 (Table 4.44), the null hypothesis is rejected. The
significance level in ANOVA shows the overall significance, but in order to assess which
factor lies on the top in the hierarchy, individual significances are important (Table 4.45).
With a coefficient of 0.573 and a significance level of zero, seat comfort is found to be the
highest. From the Table, it can be said that even with a significance level set at 0.01, bus
comfort is highly dependent on seat comfort. Having General bus comfort as the dependent
variable of the regression equation, final equation is as follows;

Y=1.673 +0.573X1 + 0.140X2 — 0.019X; — 0.129X4 — 0.062X5

Table 4.45 — Individual correlations and significances

Unstandardized | Standardized Collinearity
. Coefficients Coefficients . Statistics
Coefficients Std t Sig.
B ) Beta Tolerance| VIF
Error
(Constant) 1.673 0.46 3.633 0
Bus seat 0573 | 0.06 0.606 955 | 0 0763 | 131
comfort
Music 0.14 0.056 0.149 2.49 0.014 0.862 1.16
Jouncing -0.019 0.053 -0.02 -0.36 | 0.719 0.841 1.189
Hot weather -0.129 0.063 -0.12 -2.052 | 0.042 0.843 1.187
Cold weather | -0.062 0.055 -0.07 -1.124 | 0.263 0.783 1.277

4.1.5.2 Seat Comfort

Bus seat is regarded as comfortable with mean value of 3.71. Also significance level smaller
than 0.05 for this question and positive mean difference value, indicates that students
perceive the seat as comfortable.

4.1.5.2.1 Correlation and Regression Analysis
Having seat comfort as the most related factor for general bus comfort, correlations between
seat comfort and factors of gender, grade and seat features were evaluated and a regression

analysis was made. From Table 4.46 much of the physical features of the seat were found to
have a correlation with seat comfort at a significance level of 0.05.
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Table 4.46 — Correlations between seat comfort gender, grade and seat features

Pearson Sig. (1- N
Correlation | tailed)
Bus seat comfort 1 . 149
Gender 0.117 0.077 149
Grade 0.069 0.203 149
Seat pan cushion hardness -0.337 0 149
Seat pan width 0.168 0.02 149
Seat pan length 0.157 0.028 149
Back cushion hardness -0.347 0 149
Bus Seat Back width 0.189 0.01 149
Comfort
Back height 0.195 0.009 149
Back cushion shoulder 0.38 0 149
support
Back cushion back 0.462 0 149
support
Back cushion waist 0.437 0 149
support
Existence of Headrest 0.086 0.148 149
Existence of Armrest 0.151 0.033 149

For the regression analysis, Backward Regression Method is used. In this method, all the
possible factors that may contribute to explain the variation are given in the first model,
which is named as Full Model. SPSS runs F-test with all possible variables at a 0.1 level of
significance, and removes the ones with smaller significance from the model in each step. In
order to explain clearly, Y being the Full Model, Y being the Restricted Model, two regression
equations, beginning and end models can be given as;

Y = Bo+ BiX1 + B2Xo + B3Xz + BaXs + BsXs + BeXe + B7X7 + BsXs + BoXo + B1oXio + P11Xi1
+ B12X12 + B1sXiz + &1

? = oo + 1X1 + a2Xo + asX3 + asXs + asXs + agXe + a7X7 + agXg + a9Xg + o10X10 + a11X11 +
a12X12 + a13X13 + €2

Hypothesis test is done for each [a’i value, withi=1, 2...13 as;

HO:[Si =0
Hl:[ﬁji -'FO
a =0.10

Reject Hy if, @ < 0.10
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Rejection of the null hypothesis leads to deleting the corresponding variable from the,
therefore forming the restricted model.

Performing the same hypothesis test for each variable, end model, in other words restricted
model is formed at 11* model, with an R? value of 0.28. 28% of the total variation in seating
comfort can be explained by the factors in the restricted model. Regarding seat comfort, back
cushion hardness, back cushion back support and existence of an armrest was found to be

explaining 28% of variation in seat comfort assessment.

Table 4.47 - Summary of model relating seat comfort to gender, grade and seat dimensions

and features

Std.
Model R R Adjusted | Error of
Square |R Square the
Estimate
11 529 0.28 0.265 1.138

Table 4.48 - ANOVA Model relating seat comfort to gender, grade and seat dimensions

and features

Model Sumof] g4 | Mean | p Sig
Squares Square
Regression 84.489 13 6.499 4.97 .000b
Residual 176.518 135 1.308
1 Total 261.007 148
Regression 73.107 3 24.369 | 18.805 .0001
Residual 187.899 145 1.296
11 Total 261.007 148

Table 4.49 - Coefficients for model relating seat comfort to gender, grade and seat

dimensions and features

Unstandardized | Standardized
Coefficients Coefficients .
Model t Sig.
B Std. Beta
Error
(Constant) 2.215 0.328 6.753 0
Back cushion hardness | -0.227 0.082 -0.206 -2.756 0.007
11 i
Back cushion back 041 | 0077 0.4 5.345 0
support for the student
Existence of an armrest | 0.417 0.189 0.156 2.213 0.028
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Existence of an armrest is found to be affecting seat comfort. This result is also supported by
survey results, as existence of an armrest was found to be important in student’s perception.
Mean value of 4.01 for comfort with the existence of an armrest was found. With the
hypothesis formed as;

Hy:p=3

Hi:p+#3

a =0.05
Reject H if, a < 0.05

significance level is below 0.05 (Appendix F) leading to the rejection of the null hypothesis.
Also with a positive mean difference of 1.007, it can be inferred that students perceive the
existence as a factor contributing to comfort.

Arms representing approximately 10% of the total body weight, if not supported, can result
in discomfort in the back, shoulders and neck. Supporting the arm weight can reduce the
stress on related body parts. With the same kind of approach for the evaluation of armrest
features revealed that width and height were found to be related to seat comfort.

Height of the armrests was given as 67 cm which provides adequate support. But from the
analysis, width of the armrest of 4 cm was evaluated as being narrow. Increasing the width
of armrests can therefore increase the well being of students and their perception of comfort.

4.1.5.2.2 Crosstab Analysis

In addition to regression and correlation analysis, crosstab analysis was done. In the crosstab
analysis, physical features of the seat were compared with seat comfort. Null hypothesis of
the assumption that seat comfort and selected variable are independent from each other was
tested against the alternative hypothesis of an existence of a relationship between them. At a
significance level of a= 0.05, seat pan cushion hardness, seat pan width, back cushion
hardness, back cushion shoulder, back and waist support were found to have a relationship
with seat comfort at significance levels of, 0.01, 0.029, 0.003, 0, 0 an O respectively. The reason
that these finding differ from the previous regression analysis is the effect of chosen
significance level.

4.1.5.2.3 Bus Seat Comfort Assessment in Existence or Lack of Any Discomfort

Students evaluated bus seat as comfortable, with a mean value of 3.70. In this part answers
to the question regarding seat comfort was examined on the basis of existence or absence of
any kind of discomfort related to a body part. For neck, shoulder, back, thigh and leg area,
answers were separated into two groups. First group consists of students with positive
answers on feelings of discomfort, in other words, expressed any kind of discomfort related
to a body part, and second group consists of students with negative answers, in other words,
did not expressed any kind of discomfort related to a body part. Hypothesis was formed in
order to compare the mean values for those groups regarding the seat comfort. Lo was set to
represent the mean value regarding seat comfort of students with no discomfort, and 1 was
set to represent the mean value regarding seat comfort of students with any kind of
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discomfort for the specific region of the body. General structure of this hypothesis can be
given as;
Hy: po = piy
Ho: po # 1y
a =0.05
Reject H, if, a < 0.05

4.1.5.2.3.1 Neck Area

Uo : Mean value of assessed seat comfort of students with no discomfort on the neck
U1 : Mean value of assessed seat comfort of students with discomfort on the neck

From group statistics, tiy was found to be 4.14, and y; was found to be 3.31. Independent
Samples T-test was performed and given in Table 4.50.

Table 4.50 - Independent Samples Test on equality of the mean seat comfort in existence
or lack of neck discomfort

Bus seat is comfortable
E 1
Equal variances . qua
variances not
assumed
assumed
Levene's Test for F 8.499
Equality of Variances Sig. .004
T 4.016 4.057
Df 147 144.697
ttest for E ity of Sig. (2-tailed) .000 .000
-test tor quality 0 Mean Difference .833 .833
Means
Std. Error Difference 207 .205
95% Confidence Interval Lower| 423 427
of the Difference Upper 1.243 1.239

Testing the equality of the variances for two groups, a significance level of 0.004 was found,
which is smaller than 0.05 indicating that variances of these groups are not equal. With this
knowledge right side of the Table 4.50 became the subject of interest. Looking at the mean
difference value of 0.833 with a significance of 0 which is smaller than the 0.05 significance
level set for this hypothesis, the null hypothesis was rejected, and it is concluded that mean
values py and p, are not equal. With a mean difference value of 0.833 which is significant, it
can be said that, students with no discomfort in the neck area tend to assess the bus as more
comfortable compared to students with any kind of discomfort in this area. Having any kind
of discomfort on the neck area affects the assessment of seat comfort negatively.

4.1.5.2.3.2 Shoulder Area

Uo : Mean value of assessed seat comfort of students with no discomfort on the shoulders
U1 : Mean value of assessed seat comfort of students with discomfort on the shoulders
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From group statistics, [ty was found to be 3.97, and u; was found to be 3.31. Independent
Samples T-test was performed and given in Table 4.51

Table 4.51 - Independent Samples Test on equality of the mean seat comfort in existence
or lack of shoulder discomfort

Equal Equal
variances |[variances not
assumed assumed

Bus seat is Bus seat is
comfortable | comfortable

Levene's Test for F 3.317
Equality of Variances Sig. .071

T 3.057 2.985

Df 147 114.055
. Sig. (2-tailed) .003 .003
t-test for Equality of Mean Difference .662 .662
Means

Std. Error Difference 216 222

95% Confidence Interval Lower 234 222

of the Difference Upper 1.089 1.101

Testing the equality of the variances for two groups, a significance level of 0.071 was found,
which is greater than 0.05 indicating equality of the variances. With equal variances
assumption, left side of Table was found relevant. Mean difference value of 0.662 with a
significance of 0.003 which is smaller than the 0.05 significance level of the hypothesis, the
null hypothesis was rejected. It is therefore concluded that mean values po and p1 are not
equal. With a mean difference value of 0.662 which is significant, it can be said that, students
with no discomfort in the shoulder area tend to assess the bus as more comfortable
compared to students with any kind of discomfort in this area. Having any kind of
discomfort on the shoulder area affects the assessment of seat comfort negatively.

4.1.5.2.3.3 Back Area

Uo : Mean value of assessed seat comfort of students with no discomfort on the back
U1 : Mean value of assessed seat comfort of students with discomfort on the back

From group statistics, [ty was found to be 4.13, and p; was found to be 3.25. Independent
Samples T-test was performed and given in Table 4.52
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Table 4.52 - Independent Samples Test on equality of the mean seat comfort in existence
or lack of back discomfort

Bus seat is comfortable
Equal Equal
variances |variances not
assumed assumed
Levene's Test for F 7.998
Equality of Variances Sig. .005
T 4.270 4.244
Df 147 138.396
. Sig. (2-tailed) .000 .000
t-test for Equality of Mean Difference .880 .880
Means
Std. Error Difference 206 .207
95% Confidence Interval Lower 473 .470
of the Difference Upper 1.287 1.290

Testing the equality of the variances for two groups, a significance level of 0.005 was found,
with being smaller than 0.05 variances are found to be not equal. Non-equal variance
assumption led to the usage of the right side of Table. Mean difference value of 0.880 with a
significance of 0 which is smaller than the 0.05 significance level, signs the rejection of the
null hypothesis. Therefore py and p; are not equal. With a mean difference value of 0.880
which is significant, it can be said that, students with no back discomfort tend to assess the
bus as more comfortable as compared to students with any kind of discomfort in their back.
Having any kind of discomfort on the back area affects the assessment of seat comfort
negatively.

4.1.5.2.3.4 Thigh Area

Uo: Mean value of assessed seat comfort of students with no discomfort on the thighs
U1 : Mean value of assessed seat comfort of students with discomfort on the thighs

From group statistics, {1y was found to be 4.00, and p; was found to be 3.20. Independent
Samples T-test was performed and given in Table 4.53
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Table 4.53 - Independent Samples Test on equality of the mean seat comfort in existence or
lack of thigh discomfort

Bus seat is comfortable
Equal Equal
variances |variances not
assumed assumed
Levene's Test for F 7.943
Equality of Variances Sig. .005
T 3.697 3.510
Df 147 96.110
. Sig. (2-tailed) .000 .001
t-test for Equality of Mean Difference .800 .800
Means
Std. Error Difference 216 228
95% Confidence Interval Lower 372 .348
of the Difference Upper 1.228 1.252

Testing the equality of the variances for two groups, a significance level of 0.005 was found.
As the significance level is below 0.05 variances are assumed to be not equal. Using the right
side of Table, mean difference value of 0.800 with a significance of 0.001 was observed. This
significance is smaller than the 0.05 significance level of the hypothesis, and as a result null
hypothesis was rejected. Therefore ug and p; are not equal. With a mean difference value
of 0.880 which is significant, it can be said that, students with no discomfort on the thighs
tend to assess the bus as more comfortable in comparision to students with the expression of
any kind of discomfort on their thighs. Having any kind of discomfort on the thighs affects
the assessment of seat comfort negatively.

4.15.2.3.5 Leg Area

Uo :Mean value of assessed seat comfort of students with no discomfort on thelegs
U1 : Mean value of assessed seat comfort of students with discomfort on the legs

From group statistics, yy was found to be 4.18, and p; was found to be 3.25. Independent
Samples T-test was performed and given in Table 4.54.
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Table 4.54 - Independent Samples Test on equality of the mean seat comfort in existence or
lack of neck discomfort

Bus seat is comfortable
Equal Equal
variances |variances not
assumed assumed
Levene's Test for F 6.053
Equality of Variances Sig. .015
T 4.538 4.554
Df 147 144.537
. Sig. (2-tailed) .000 .000
t-test f?\;f;];ahty of Mean Difference 928 928
Std. Error Difference .205 204
95% Confidence Interval Lower .524 .525
of the Difference Upper 1.332 1.331

Significance level for the equality of the variances were found as 0.015, which is smaller than
0.05. Lower significance value indicates the non-equality of the variances, leading to the
usage of the values at the right hand side of Table. Mean difference of 0.928 was found with
a significance level of 0. This significance level is smaller than the significance of the
hypothesis, thus, the null hypothesis was rejected. With a mean difference value of 0.928,
being significant, students feeling no discomfort on their legs tend to assess the bus as more
comfortable as opposed to students with any kind of discomfort in this related body part.
Having any kind of discomfort on the legs affects the assessment of seat comfort negatively.

4.2, Drivers
4.2.1. Response Rates

A total of 51 surveys were gathered from drivers. Within the total number of participants, 38
surveys were considered in evaluation as the rest of the questionnaires were found to be
blank except demographics and usage information

4.2.2. Demographics, Usage Rates and Journey Durations

Ages of the drivers are found to be changing between 23 and 63 with an average of 39.18.
With a skewness of 0.590, greater numbers of drivers are below the age of 39. Driver’s age
can be taken as factor relating to accident risk. Tseng (2012) showed that, with age at-fault
accident risk decreases and drivers below the age of 40 were found to have more at-fault
accident risk, with 60 or over were found to have lower risk. With an average near 40,
drivers in this study is still considered in the risky area.

Driving experience varies between 4 to 42 years, with an average of 18.84. Average school
bus driving experience is 9.21 years ranging from 1 to 40 years. Experience being the most
influential factor on at-fault accident rate, being a novice driver with less than 3 years of
experience or over 20 years can be considered as risky, whereas lowest risk group is 6 to 14
years of experience (Tseng 2012). With an average of bus driving experience 9.21, although
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the group was found to be risky in relation to age, as experience is the most influential
factor, drivers can be considered in the safe zone.

On the average journey duration was found to be 68.55 and 72.50 minutes in the mornings
and in the evenings respectively. This average value is almost twice to average journey of
student, which can be explained as drivers spend almost half the duration before or after
they start to pick up students from their homes or from the school.

4.2.3. Perceived Discomfort

Discomfort of drivers need to be examined in a way differently than students. As drivers
and students have different roles in school bus, this study mostly concentrates on the
students and take driver as a factor in student safety. In the survey for drivers, general bus
comfort and seat comfort was not assessed, but discomfort was taken as a contributing factor
to driver distraction therefore safety.

4.2.3.1. Thermal Discomfort

Regarding the discomfort from weather conditions questions 24, 25, 26 and 27 were asked. In
these questions whether it is hot or cold in the bus regarding spring and winter were asked
then, drivers were questioned to mention if they feel any discomfort regarding this
conditions were asked as feeling of discomfort from high or low temperatures.

One sample statistics of the results (Appendix J) showed that drivers evaluated the bus as
hot in spring months with a mean value of 3.16, and mentioned discomfort regarding the
high temperature with a mean value of 2.66. In both, confidence intervals include value 3.
Hypothesis is formed in order to compare the results of One-Sample T-test as;

Hy:p=3

Hi:p+3

a = 0.05
Reject H, if, a < 0.05

Looking at the One-Sample T-test results (Appendix I), with significance levels of 0.422 and
0.146, null hypothesis cannot be rejected for these two questions, implying that drivers
assessed temperature in spring months as normal and did not expressed a discomfort from
high temperatures.

Also One sample statistics of the results (Appendix J) showed that drivers evaluated the bus
as cold in winter months with a mean value of 1.87, and mentioned discomfort regarding the
cold with a mean value of 1.95. In both, confidence intervals are below 3. Forming the
hypothesis on the equivalence of mean values to 3 as;

Hy:p =3

Hi:p+3

a = 0.05
Reject Hy if, @ < 0.05
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From the One-Sample T-test results (Appendix K), although with significance values smaller
than 0.05 indicates the rejection of H,, mean differences were negative, which shows that
drivers do not feel discomfort in relation cold.

4.2.3.2. Discomfort from noise and jouncing

Disturbance from the music and noise of students were found to be 2.39 and 2.87
respectively as given in Appendix J. For testing the equivalence of the mean values to 3,
hypothesis was formed as;

Hy:p=3

Hi:p#3

a =0.05
Reject H if, a < 0.05

Looking at One-Sample T-test results (Appendix K), significance level of disturbance from
the noise of students was found to be greater than 0.05, therefore the null hypothesis is not
rejected. Regarding the disturbance from music, significance level of 0.001 led to the rejection
of the null hypothesis, meaning the mean value is different than 3. Looking at the mean
differences, both music and noise disturbance were found to be negative, indicating that
driver do not feel any discomfort regarding these two components.

Discomfort level from the jouncing during the journey was also found to be low, with a
mean value of 2.32. Confidence interval do not include 3 and also indicates an interval lower
than 3, corresponding to no discomfort related to jouncing.

4.2.3.3. Discomfort on Body Parts

Discomfort on neck, shoulder, back, thigh and leg area was assessed. Specific types of
discomfort on body parts were defined as, excessive pressure, stiffness, ache, soreness,
prickling sensation and numbness.

When asked whether they feel discomfort for a specific area, all of the answers were found
to be below 3. Mean values of regional discomfort were; neck discomfort with 2.03, shoulder
discomfort with 1.92, back discomfort with 1.89, leg discomfort with 1.66 and thigh
discomfort with 1.71. None of the results revealed a mean value above 3, or a confidence
interval including 3 or having an upper limit greater than 3.

Although with these values, no area was found to be problematic, about 76% of the drivers
mentioned a specific type of discomfort for a body region. From the frequencies given in
Table 4.55, stiffness on the neck was found to be on the top of hierarchy with a frequency of
15.8, followed by stiffness and ache on the shoulders, ache on the back and numbness on the
legs.
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Table 4.55 - Frequencies of Discomfort on Body Parts experienced by drivers

Existence
Friiléi:cy l:)i;iln(z’f li)xr(;e;il:: Stiffness [ Ache | Soreness g:::;l::)i Numbness
discomfort
Neck 23.7% 0 15.8 7.9 0 0 0
Shoulders 21.1% 0 10.5 10.5 0 0 0
Back 13.2% 2.6 5.3 10.5 0 2.6 0
Thighs 15.8% 0 0 5.3 0 2.6 7.9
Legs 10.5% 0 0 0 0 0 10.5

Regarding the driver seat, with the hypothesis formed as;
Hy:p=0
Hi:p+0
a =0.05

Reject H, if, « < 0.05

None of the driver seat features, regarding seat pan or back was found to have a mean value
different that 0, which is the value for suitability. As given in Appendix M, significance
levels are all greater than 0.05, which indicates that the null hypothesis is not rejected. This
result also match with the result that there exist no type of discomfort with a mean value
higher than 3.

4.2.4. Safety and Driver Distraction

Safety related factors considered in this part do not only consist solely of the safety of the
driver, but safety of the passengers also. Drivers engage in various activities in addition to
the driving task itself. Their responsibilities include opening and closing the school bus door,
adjusting the temperature using air conditioner or by opening windows on hot weather,
controlling devices in the bus, making sure of getting on or off the bus behaviors of students
and also if necessary intervening with the behaviors of children in order to maintain their
safety. These mostly non-driving related activities act as various distraction sources which as
a result affect the cognitive processes as well as driving and may constitute to mistakes and
even accidents.

4.2.4.1. Directly Related Factors

Starting with personal safety of the driver, seat belt usage is an important factor. It was
found that with an average of 4.74; nearly all the drivers fasten their belts.

As drivers are responsible for opening and closing the school bus door, from the results
given in Appendix it was observed that, with a mean value of 4.76, drivers close the door
before they start driving and open the door after bus completely stops. These are important
to avoid any injuries or accidents related to students. As an open door while driving can be
very dangerous, it may lead to a student falling off the school bus. Also drivers, with an
average of 4.66 mentioned that they start driving after all students sit at their places. This is
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also important to prevent possible injuries such as hitting on a part of the bus, tripping on a
school bag or even windows, which may occur as a result of standing behavior.

Sleepiness was also considered to be related with safety, as it may lead to cognitive and
physical shortcomings resulting in dangerous behaviors. Drivers with a mean around 1.37
mentioned that they do not feel sleepy in the journeys.

4.2.4.2. Distraction Related Factors

Previously driver distraction was defined by citing Lee et.al (2008) as “a diversion of
attention away from activities critical for safe driving towards a competing activity”. Also as
Young et al. (2012) defined, sources of distraction can be technology related, non-technology
related and external. Activities such as controlling devices related to vehicle or climate,
adjusting radio or intervention in the behaviors of students can be named as distraction
factors (Young et.al, 2012).

From the information in Appendix J, it was found that drivers were engaged in control of
climate and music with a mean value of 2.5 and 2.66 respectively. Both confidence intervals
do not include 3, and are between lower values. Also they mentioned that they can easily
reach the control panel with a mean of 4.45, indicating that controlling these devices does
not constitute a problem.

On the other hand, from the interviews it was found that, drivers intervene to students if
they argue or behave opposing to rules such as standing up or walking. This may be
considered as a source of distraction.

4.2.5. Perceived Comfort

Compared with the weather related discomfort results of the students, drivers have no
discomfort whereas students feel discomfort. Reason for that difference can be given as,
drivers are controlling the temperature inside the bus and also from the design of the school
bus, ventilation, can open window. As the windows at the passenger side of the bus are
locked and cannot be opened, ventilation or usage of air conditioner is not sufficient to
provide thermal comfort in these months.
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CHAPTER 5

CONCLUSION

In this study, in order to subjectively assess the safety and perceived comfort and discomfort
of the school buses, two surveys consisting of demographics, bus usage information, comfort
and discomfort assessments were used. Ergonomic evaluations, measurements and
investigations, especially regarding the interior of the school buses are used to gain insight
on suitability of the design features and how good the current design of the busses fit to the
user groups in comparison to their perceived comfort and discomfort and seat design
evaluations.

Survey on students cover 6t, 7t and 8t grade students of the selected private school whereas
survey on drivers cover drivers working on the school buses preserved for the
transportation of these group of students. Due to their different roles and expectations,
students and drivers were held as two separate shareholders in the school bus, with main
concentration on students.

In Turkey School Transportation Vehicles Legislation defines the main rules and conditions
for a comfortable and safe transportation. With the investigation of school busses of the
selected private school, it is found that busses reflect the conditions regarding safety and
design parameters given in the legislation, therefore there exist no prominent safety or
design violations in direct relation to the design or mechanics of the buses.

With a total of 149, 66 male and 83 female students participated in the survey with an
average age of 12.74. Average age is affected by the greater proportion of 6 grade students
participated in the survey. Among the group of students, usage rate of school bus is high
especially from school to their home, with an average of 4.55 over 5, corresponding to a
value between Often and Always. Average journey duration is found to be about half an
hour. On the other hand, average journey duration of drivers was almost two times the
students, which in common sense included the amount of time they travel before picking the
first student.

Students do not feel the need of help while getting on or off the bus, which in the end can be
attributed to the design of the bus. Automatic step activation simultaneously with opening
of the door and handlebar at the side of the door serve as a help if necessary and may
prevent any injury related to balance loss, or fall as a result of inability to get on or off the
bus easily. Especially in the morning student tend to feel sleepy, and it may contribute to
safety related problems as sleepiness can have detrimental effects on attention and
perception.

Among all the contributors to the safety, seat belt is the most important. Seat belt usage, with
being low, with no difference between genders or grades, showed results that do not match
with rules in school bus transportation. According to the interviews done with drivers
during the course of study, seat belt usage were defined to be mandatory, whereas the
results showed students do not tend to fasten their belts at the beginning or throughout their
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journeys. In addition to increasing the risk of injury for the student himself/herself, as this
behavior can result in discipline issues, also it has indirect effect on driver distraction, which
in turn may result in accidents. Students who fasten their seat belts as soon as they get on the
bus also tend to keep their belts fasten throughout the journey. Also fastening behavior was
found to be correlated with the suitability of seat belt, which may explain the low fastening
rates as seat belts was not significantly identified as suitable or not.

Weather conditions and disturbance from hot or cold weather are considered to be related
with thermal comfort. Students mentioned discomfort related to hot weather in spring
months on an average of 4.32 corresponding to a high level of disturbance. As stated in
Service Legislation of School Transportation Vehicles, windows at the passenger side of the
school bus is fixed, in order to avoid behaviors like bending over from the window, sticking
out body parts like arms, legs or head, and also to protect the passengers from the
environment outside the school bus, which may lead to injuries or accidents. Given this
condition, control of the interior temperature lies solely on the hands of the driver. When
compared with the discomfort levels of drivers regarding hot weather, drivers assessed
temperature in spring months as normal and did not express a discomfort from high
temperatures. As drivers may well-adjust their near-environment in the bus, the ventilation
may be insufficient at the back, leading to a difference in temperature. Also present design
or placement of air conditioners may not be sufficient and proper, thus in order to utilize the
even distribution of air, after detailed measurements, placement of the air conditioning can
be changed.

On the other hand, although students rate the bus as being cold in winter months, they did
not tend to express discomfort regarding cold, similarly to drivers. This may have a
psychological aspect, but it is not examined in depth, as it lies out of the scope of this study.

Neither student nor drivers expressed discomfort from music, noise of students or jouncing.
Children enjoy music in the school bus. During interviews, drivers mentioned that, they
even behave better in order to pick a song of their choice when they play music. Jouncing on
the other hand, is prevented by continuous maintenance of the vehicles, strict age limitations
and with relatively smooth roads.

In this study, while factors like thermal discomfort and safety issues are covered, main
interest was on the seating comfort and discomfort. For the assessment of discomfort, five
main body areas were taken into account as; neck, shoulders, back, thigh and legs.
Discomfort types of excessive pressure, stiffness, ache, soreness, prickling sensation and
numbness were assessed on selected body parts. After the distinguishing the problematic
areas, possible influence of seat dimensions and features and journey time on discomfort
were investigated. Among respondents, neither of the areas was found to be highly
problematic in general, but in depth analysis was made in order to get insight on the causal
relationships. Although when asked if they feel discomfort in a specific body part tendency
was towards a neutral state, when asked in detail about a specific type of discomfort on a
body part, many of the respondents mentioned at least one distinct feeling of discomfort.
Regarding drivers, most problematic area was found to be neck, with stiffness as the highest
type of discomfort. Ache on the back and numbness on the legs were also mentioned by
drivers. As given in Table 4.10, for the students, the most problematic area was also found to
be the neck, followed by legs with 52.3% and 51% of the respondents indicated at least one
type of discomfort. Overall, leading complaints were ache on the neck, stiffness on the
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shoulders, ache on the back, numbness on the thigh and legs. In order to learn the cause of
these disturbances, regression analysis with a backward method is used and all five areas
were separately compared with gender, grade, seat pan cushion hardness, seat pan width,
seat pan height, seat back cushion hardness, seat back width, seat back height, seat back
cushion shoulder, back an waist support levels and existence of seat features as the headrest
and armrest. Table 4.26 gives the summary of the regression analysis. Both seat pan and seat
back cushion hardness, and seat back cushion waist support were found to be in relation
with discomfort on specific body parts.

When seat dimensions and features compared to a mean value of zero, indicating “just
right” assessment, only three of them were found to be significant, which are seat pan, seat
back and headrest cushion hardness and armrest width. With positive mean differences, this
analysis indicates the perception of firmness of cushioning. As this may lead to pressure on
the thighs and legs, resulting in circulation problems, a possible suggestion to manufactures
or designers of the school buses could be to reduce the level of hardness.

Regarding the journey durations, there exist weak but significant correlations with
discomfort in body parts. Again neck is found to be more influenced by journey duration.
Correlations with evening journey durations and discomfort were found to be slightly
higher, which can be attributed to the fact that students tend to be tired at the end of a school
day and might assess the discomfort as being higher. Also using logistic regression analysis,
neck and leg discomfort were found to be related to evening journey durations, and they can
be estimated by looking at the length of the journey. In addition, there exist significantly
strong correlations between discomforts of different body parts. Discomfort in a body part
may affect others, especially is they use the same muscle groups as in the case of high
correlations between feeling of discomfort on neck and shoulder.

Regarding the general comfort of the bus, with a mean value of 3.63, slightly over the
normal, students rated the school bus as comfortable. From the investigation of the factors
which may affect general bus comfort, seat comfort is found to be the most influential factor.
With a mean value of 3.71, bus seat is also found to be comfortable among students. In order
to reveal the factors influencing seat comfort, correlations between bus seat comfort rating,
gender, grade, seat pan cushion hardness, seat pan width, seat pan height, seat back cushion
hardness, seat back width, seat back height, seat back cushion shoulder, back an waist
support levels and existence of seat features as the headrest and armrest were investigated
and a regression analysis was made. Back cushion hardness, back cushion back support and
existence of an armrest were found to be explaining 28% of variation in seat comfort
assessment. Also with the Crosstab analysis, seat pan cushion hardness, seat pan width, seat
back cushion hardness, back cushion shoulder, back and waist support were found to have a
relationship with seat comfort. When the effect of feeling discomfort for a specific body part
is examined, for the neck, shoulder, back, thigh and legs, students with no discomfort tend
to assess the bus as more comfortable compared to students with any type of discomfort.

Future Work

As in this study a subjective way of assessment is done, findings may only reflect perceived
comfort. A detailed examination of anthropometric measures of each student, matching with
their perceived comfort and perceived mismatch of physical characteristic may provide
deeper and more accurate insights on the assessment of school busses.
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APPENDIX A

QUESTIONNAIRE FOR STUDENTS

ASSESMENT OF COMFORT AND SAFETY OF SCHOOL BUSSES PERCEIVED BY
STUDENTS AND DRIVERS

METU DEPARTMENT OF INDUSTRIAL ENGINEERING

Dear students,

The purpose of this survey is to collect useful information about the safety and comfort of
school busses used daily in schools according to students and drivers. We ask that you share
with us in your experience by taking a few moments to complete this short survey. There are
74 questions in total about the design and comfort of the busses. Sharing your name and
contact information will be useful in the progressive aspects of the study in means of
communication, however it is not compulsory. The information required in the following
questions is completely aimed to be used in the research steps and all survey responses
remain strictly anonymous.

We greatly appreciate your time and effort and value your feedback. Your participation will
be greatly appreciated. We wish you all happy holidays.

Piar OZDEMIR
METU Department of Industrial Engineering Master’s Student

PART 1
1. Age:

2. Gender:

3. Grade:
a) 6t grade
b) 7th grade
c) 8t grade
4. Your home’s district:

Always Often Sometimes | Seldom Never

I use school bus
to get to school.

I use school bus
back from school.

7. Please state the approximate duration of your journeys:
In the mornings:
In the evenings:
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PART 2

Please answer the following questions with regard to your convenience.

Strongly
Agree

Agree

Undecided

Disagree

Strongly
Disagree

I need help while
getting on the bus.

I need help while
getting off the bus.

10

There exist a step

to assist getting in

and getting off the
bus.

11

The emergency
exits are labeled.

12

It is hot in the
spring inside the
bus.

13

It is cold in the
winter inside the
bus.

14

The temperature
inside the bus
disturbs me in

spring.

15

I am cold in the
bus in winter.

16

In the bus music
(radio, CD, etc...)
is played.

17

In the mornings,
the noise made by
other students in
the bus disturbs
me.

18

In the mornings,

music played in

the bus disturbs
me.

19

In the evenings the
voice made by
other students

disturbs me.

20

In the evenings the
music played in
the bus disturbs

me.
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Strongly
Agree

Agree

Undecided

Disagree

Strongly
Disagree

21

The driver
interferes when
my friends make
noise.

22

I can walk and sit
easily in the bus.

23

I can sit to where I
want easily.

24

I fasten seat belt
when I get seated.

25

During the journey
I keep the seat belt
fastened.

26

The shaking of the
bus during the
journey disturbs
me.

27

I open a window
when it is hot
inside the bus.

28

During the journey
the doors are
closed.

29

I feel sleepy
during the
morning journeys.

30

I feel sleepy
during the evening
journeys.

31

My seat in the bus
is comfortable.

32

I feel comfortable
in the bus.

33

I am pleased with
the driver’s
attitude.

34

It disturbs me
when my friend
sitting in front of
me lays down his

seat.

35

The seat belts are
suitable for me.
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PART 3

Strongly Undecided | Disagree St.rongly
Agree Disagree
Agree
I feel discomfort in my
36 neck during the
journeys.

I feel discomfort on my
37 | shoulders during the
journeys.

I feel discomfort on my
38 back during the
journeys.

I feel discomfort on my
39 legs during the
journeys.

I feel discomfort on my
40 thigh during the
journeys.

Please answer the following questions with regards to the zone you feel the pain and the
type of your discomfort.

it:ii:: Stiffness | Ache | Soreness :::sl;ltllzi Numbness
41 Neck
42 | Shoulders
43 Back
44 | Thigh
45 Legs
Too firm Firm Normal Slisilfltﬂy Too soft

According to me,
46 | hardness of the seat
pan cushion is;

Too wide Normal Slightly

. Too narrow
wide Narrow

According to me,
47 | width of the seat
pan is;
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Too long

Long

Normal

Short

Too short

48

According to me,
length of the seat
panis;

Too firm

Firm

Normal

Slightly
soft

Too soft

49

According to me,
seat back cushion
is;

Too
wide

wide

Normal

Slightly
Narrow

Too narrow

50

According to me,
width of seat back
cushion is;

Too
high

High

Normal

Short

Too short

51

According to me,
height of seat back
cushion is;

Strongly
Agree

Agree

Undecided

Disagree

Strongly
disagree

52

Seat back cushion
supports my
shoulders

53

Seat back cushion
supports my back

54

Seat back cushion
supports my waist

Please answer the following questions stating if the described part exists or not.

55. There is headrest in seats.

YES []

NO

[]

If your answer is yes please go to the 56th question.
If your answer is no please skip to the 60th question.

Too firm

Firm

Normal

Slightly soft

Too soft

56

According to me,
hardness of the
headrest is;
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Slightly

Too wide Wide Normal Too narrow
narrow
According to me,
57 width of the
headrest is;
Too high high Normal Low Too low
According to me,
58 height of the
headrest is;
Too far Slightly Slightly Too far
forward forward Normal back back
59 According to me,
the headrest is;
60. There are arm rests in seats
YES [] No [
If your answer is yes please go to the 61st question.
If your answer is no please skip to the 65th question.
Too long long Normal Short Too short
According to me,
61 | length of the arm
rest is;
Too Wide Sllg.htly Normal Slightly Too Narrow
wide narrow
According to me,
62 | width of the arm
rest is;
Too high high Normal Low Too low
According to me,
63 | height of the arm
rest is;
Too close Close Normal Slightly Too far
together apart apart
64 According to me,

arm rests are;
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PART 4

Please answer the following questions with regard to the current situation of your bus.

Strongly
agree

Agree

Undecided

Disagree

Strongly
Disagree

65

I would feel more
comfortable if the
seat had an headrest

66

I would feel more
comfortable if the
seat had an armrest

67

I would feel more
comfortable if the
seat had armrests on
both sides

68

I would feel more
comfortable if the
seat pan was sloped
downward

69

I would feel more
comfortable if the
seat pan was sloped
upward

70

I feel comfortable
when the seat is laid
back

71

I feel comfortable
when the seat is
upright

72

I can make myself
comfort by moving
the seat back and
forth

73

I can make myself
comfort by tilting the
seat back and forth

74

I can make myself

comfort by moving

the seat upward or
downward

NAME:
SURNA

ME:

PHONE NUMBER:

Thank you for your cooperation.
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APPENDIX B

QUESTIONNAIRE FOR DRIVERS

ASSESMENT OF COMFORT AND SAFETY OF SCHOOL BUSSES PERCEIVED BY
STUDENTS AND DRIVERS

METU DEPARTMENT OF INDUSTRIAL ENGINEERING

Dear bus drivers,

The purpose of this survey is to collect useful information about the safety and comfort of
school busses used daily in schools according to students and drivers. We ask that you share
with us in your experience by taking a few moments to complete this short survey. There are
68 questions in total about the design and comfort of the busses. Sharing your name and
contact information will be useful in the progressive aspects of the study in means of
communication, however it is not compulsory. The information required in the following
questions is completely aimed to be used in the research steps and all survey responses

remain strictly anonymous.

We greatly appreciate your time and effort and value your feedback. Your participation will
be greatly appreciated. We wish you all happy holidays.

Pmar OZDEMIR
METU department of Industrial Engineering master’s student

PART1
1. Age:
2. How many years you had your driving license? :
3. How long you have been a bus driver? :
4. The district you serve at:
5. Please state your approximate journey time
In the morning;:

In the evening:
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PART 2
Please answer the following questions with regard to your convenience.

Strongly
agree

Agree

Undecided

Disagree

Strongly
disagree

While driving, 1
always fasten my
seat belt

While driving, 1
feel discomfortable
in the presence of
shaking

When itis hot, I
open windows

When it is hot, I
open the door

10

While driving, I
feel discomfortable
by the noise of the

students

11

In the morning I
feel discomfortable
by the noise of the

students

12

In the evening, I
feel discomfortable
by the noise of the

students

13

We play the radio,
CD etc..

14

Music disturbs me
while driving

15

I can easily reach
the control panel
while driving

16

I close the car door,
before traveling

17

After starting to
move, I close the
car door

18

I start moving, after
all the students
take their seats

19

I interfere when the
student open
windows

20

Iinform the
students about the
emergency exits
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Strongly
agree

Agree

Undecided

Disagree

Strongly
disagree

21

While driving, I
give attention to
the devices such as
the radio, air
conditioner etc.

22

I control the radio
while driving.

23

I open the car door
after fully stopping

24

It is hot in the
spring inside the
bus.

25

It is cold in the
winter inside the
bus.

26

The temperature
inside the bus
disturbs me in

spring.

27

I feel cold at winter
months

28

I am sleepy during
the morning travels

29

I am sleepy during
evening journeys

PART 3

Strongly
Agree

Agree

Undecided

Disagree

Strongly
Disagree

30

I feel discomfort in my
neck during the
journeys.

31

I feel discomfort on my
shoulders during the
journeys.

32

I feel discomfort on my
back during the
journeys.

33

I feel discomfort on my
legs during the
journeys.

34

I feel discomfort on my
thigh during the
journeys.
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Please answer the following questions with regards to the zone you feel the pain and the
type of your discomfort.

E i Prickli
XCESSIVE | Stiffness | Ache | Soreness e 1.ng Numbness
Pressure sensation
35 Neck
36 | Shoulders
37 Back
38 Thigh
39 Legs
Too firm Firm Normal Slightly Too soft
soft
According to me,
40 | hardness of the seat
pan cushion is;
T lightl
,0 0 wide Normal Slightly Too narrow
wide Narrow
According to me,
41 width of the seat
pan is;
Too long Long Normal Short Too short
According to me,
42 | length of the seat
panis;
Too firm Firm Normal Slightly Too soft
soft
According to me,
43 seat back cushion
is;
T.O 0 wide Normal Slightly Too narrow
wide Narrow
According to me,
44 | width of seat back
cushion is;
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Too
high

High

Normal

Short

Too short

45

According to me,
height of seat back
cushion is;

Strongly
Agree

Agree

Undecided

Disagree

Strongly
disagree

46

Seat back cushion
supports my
shoulders

47

Seat back cushion
supports my back

48

Seat back cushion
supports my waist

Please answer the following questions stating if the described part exists or not.

49. There is headrest in seats.

YES [ ]

NO

[]

If your answer is yes please go to the 50th question.
If your answer is no please skip to the 54th question.

Too firm | Firm | Normal | Slightly soft | Too soft
According to me,
50 hardness of the
headrest is;
Too wide Wide Normal Slightly Too narrow
narrow
According to me,
51 width of the
headrest is;
Too high high Normal Low Too low
According to me,
52 height of the
headrest is;
Too far Slightl Slightl Too far
forward for%varc}i’ Normal bick ’ back
53 According to me,
the headrest is;
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54. There are arm rests in seats

YES []

NO

L]

If your answer is yes please go to the 61st question.
If your answer is no please skip to the 65th question.

Too long long Normal Short Too short
According to me,
55 | length of the arm
rest is;
Too Wide Sllg.htly Normal Slightly Too Narrow
wide narrow
According to me,
56 | width of the arm
rest is;
Too high high Normal Low Too low
According to me,
57 | height of the arm
rest is;
Too close Close Normal Slightly Too far
together apart apart
58 According to me,
arm rests are;
PART 4

Please answer the following questions with regard to the current situation of your bus.

Strongly
agree

Agree

Undecided

Disagree

Strongly
Disagree

59

I would feel more
comfortable if the
seat had an
headrest

60

I would feel more
comfortable if the
seat had an
armrest

61

I would feel more

comfortable if the

seat had armrests
on both sides
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Strongly
agree

Agree

Undecided

Disagree

Strongly
Disagree

62

I'would feel more
comfortable if the
seat pan was
sloped downward

63

I'would feel more
comfortable if the
seat pan was
sloped upward

64

I feel comfortable
when the seat is
laid back

65

I feel comfortable
when the seat is
upright

66

I can make myself
comfort by
moving the seat
back and forth

I can make myself
comfort by tilting

67 the seat back and
forth
I can make myself
comfort by
68 | moving the seat
upward or
downward
NAME:
SURNAME:
PHONE NUMBER:

Thank you for your cooperation.
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APPENDIX C

SERVICE LEGISLATION OF SCHOOL TRANSPORTATION VEHICLES

28 Agustos 2007 SALI Resmi Gazete Say1 : 26627

YONETMELIK

28.08.2007 tarih ve 26627 sayil1 Resmi Gazete (Asil)
11.10.2008 tarih ve 270217 say1l1 Resmi Gazete (1. Degisiklik)
17.09.2009 tarih ve 27352 say1il1 Resmi Gazete (2. Degisiklik)

Ulastirma Bakanligindan:
OKUL SERVIS ARACLARI HIZMET YONETMELIGi

BIRINCI BOLUM
Amag, Kapsam ve Dayanak, Tanimlar

Amacg

MADDE 1 - (1) Bu Yonetmeligin amaci; zorunlu egitim kapsamindaki okul oncesi ve
diger 6grenci tasima hizmetlerini diizenli ve giivenli hale getirmek, bu amacla tasima
yapacak gercek ve tiizel kisilerin yeterlilik ve c¢alisma sartlarini belirlemek, bu
Yonetmeligin gerekli kildig1 denetim hizmetlerini yapmaktir.

Kapsam ve dayanak

MADDE 2 - (1) Bu Yonetmelik 3348 sayili Ulastirma Bakanhigmin Tegkilat ve
Gorevleri Hakkinda Kanun, 4925 sayili Karayolu Tasima Kanunu ve 2918 sayil1 Karayollar:
Trafik Kanununun 75 inci maddesine dayarnilarak c¢ikarilmis olup, kamu kurum ve
kuruluslar ile gercek ve tiizel kisilerce 0grenci tasimak igin kullanilacak "Okul Servis
Araglarini, Tagimacilar: ve Siiriiciiler ile Rehber Personeli” kapsar.

Tanimlar

MADDE 3 - (1) Bu Yonetmelikte gecen;

a) Bakanlik: Ulastirma Bakanligini,

b) Durak: Kamu hizmeti yapan yolcu tasitlarinin ve okul servis araglarinin yolculari
bindirmek, indirmek gayesi ile duraklamalari i¢in isaretle belirlenmis yeri,

¢) Giizergah: Okul servis araglarinin kalkis noktas: ile varis noktas: arasinda kalan,
trafik denetleme sube veya biirolarinca verilen 6zel izin belgelerinde belirtilen yollar1,

¢) (Degisik RG 11/10/2008 — 27021) Okul Servis Aract: Genel olarak okul dncesi
egitim, ilkogretim, ortadgretim ve yiiksek O0gretim Ogrencileri ile sadece rehber personel
tasinmalarinda kullanilan ticari tescilli yolcu tasimaya mahsus tasit,

d) Okul Oncesi Ogrenci: Mecburi 6grenim ¢agina gelmemis 4-5 yas grubu
¢ocuklarinin egitimi amaciyla agilan kurumlara gidip gelen ¢ocuklari,

e) (Degisik RG 11/10/2008 - 27021) Ozel izin Belgesi: 2918 sayili Karayollar1 Trafik
Kanunu, 5216 sayili Biiyiiksehir Belediyesi Kanunu, 5393 sayili Belediye Kanunu,
Karayollar1 Trafik Yonetmeligi ve bu Yonetmelik ile Il-ilge trafik komisyonu kararlarina
uygunlugu anlagilan okul servis araglarina biiyiiksehirlerde biiyiiksehir belediyelerince,
diger yerlerde ise ilgili belediyelerce verilen ve okul servis aracinin isletenini, soforiindi,
rehber personelini, tasitin plakasini, cinsini, tasima sinirini ve izleyecegi giizergahi belirten
belgeyi

f) Rehber Personel: Okul 6ncesi ¢ocuklar1 ve/veya ilkogretim 6grencilerini tagiyan
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okul servis aracglarinda, arag i¢i diizenini saglayan, 0grencilerin araca inis ve binislerinde
yardimci olan sahislari,

g) Sofdr: Karayolunda, ticari olarak tescil edilmis bir motorlu tasit1 siiren kisiyi,

§) Tagima: Bir {icret karsiliginda okul 6ncesi egitim, ilkdgretim ve ortadgretim ile
yiiksek 6gretim 6grencilerinin kamuya agik karayolunda siiriiciisii dahil en az 9 oturma
yeri olan yolcu tasimaya mahsus tasitlarla evden okula, okuldan eve getirilip
gotiiriilmesini,

h) Tagima Smnir1: Okul servis aracinin trafik tescil belgesinde belirtilen oturma yeri
sayisini,

1) Tagimact: Ogrencilerin bir {icret kargilig1 tasimasimi {istlenen gergek veya tiizel
kisileri,

i) Tasit: Karayolunda insan tasimak i¢in imal edilmis motorlu araglari,

j) Yolcu :Araci kullanan sofdr ile hizmetlilerin disinda aragta bulunan 6grencileri ve
rehber personeli,

ifade eder.

IKINCI BOLUM

Tasitlarda Aranacak Sartlar, Tasimacinin Yiikiimliiliigii,
Sikayetlerin Degerlendirilmesi, Okul Servis Araglarinin
Kiralanmasi ve Tasima islerinde Calisanlar

Tasitlarda aranacak sartlar

MADDE 4 - (1) Tasimacilar tarafindan okul servis araci olarak kullanilacak
tasitlarda asagidaki sartlar aranir.

a) Okul servis araglarinin arkasinda "OKUL TASITI" yazisin1 kapsayan numunesine
uygun renk, ebat ve sekilde reflektif bir kusak bulundurulmalidir. (EK: 1/1, EK: 1/2)

b) Okul servis aracinin arkasinda, dgrencilerin inis ve binisleri sirasinda yakilmak
tizere en az 30 cm ¢apinda kirmizi 1sik veren bir lamba bulunmali ve bu lambanin
yakilmasi halinde {izerinde siyah renkte biiyiik harflerle "DUR" yazis1 okunacak sekilde
tesis edilmis olmali, lambanin yakilip sondiiriilmesi tertibati fren lambalari ile ayr
olmalidir. (EK: 2)

c) Okul servis araci olarak kullanilacak tagitlarda, 6grencilerin kolayca yetisebilecegi
camlar ve pencereler sabit olmaly, i¢ diizenlemesinde demir aksam agikta olmamali, varsa
yaralanmaya sebebiyet vermeyecek yumusak bir madde ile kaplanmalidir.

¢) Okul servis araglarinda Araglarin Imal, Tadil ve Montaji Hakkinda Yonetmelik ile
Karayollar1 Trafik Yonetmeliginde belirtilen standart, nitelik ve sayida arag, gereg ve
malzemeler her an kullanilabilir durumda bulundurulmalidir.

d) Okul servis araglarinin kapilar1 sofor tarafindan acilip kapatilabilecek sekilde
otomatik (Havali, Hidrolikli v.b.) olabilecegi gibi; ara¢ soforleri tarafindan elle kumanda
edilebilecek sekilde (Mekanik) de olabilir. Otomatik oldugu takdirde, kapilarin agik veya
kapali oldugu sofore optik ve/veya akustik sinyallerle intikal edecek sekilde olmalidir.

e) Okul servis araci olarak kullanilacak tagitlar temiz, bakiml ve giivenli durumda
bulundurulmali ve 6 ayda bir bakim ve onarimlar1 yaptirilmakla birlikte; tasitlarin cinsine
gore Karayollar1 Trafik Yonetmeliginin éngordiigii periyodik muayeneleri de yaptirilmig
olmalidir. (EK-3)

f) (Degisik RG 17/09/2009 — 27352) Okul servis araci olarak kullanilacak tasitlarin
yaslari yirmi yasindan biiyiik olmamalidir. Tasitlarin yasi fabrikasinca imal edildigi
tarihten sonra gelen ilk takvim yili esas alinarak hesaplanir. (Danistay 8. Dairesinin
12.02.2010 tarihli ve Esas No: 2009/10048 Sayili Karar1 uyarinca 12 yas sarti
uygulanmaktadir.)
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g) Araglarin Imal, Tadil ve Montaji Hakkindaki Yonetmelik hiikiimlerine gore tayin
edilen ve o araca ait tescil belgelerinde gosterilen oturacak yer adedi, aracin igerisine
goriilebilecek bir yere yazilarak sabit sekilde monte edilecektir.

¢) Kamu Kurum ve Kuruluslar ile gergek ve tiizel kisi ve kuruluslara ait okul servis
aracit olarak techiz edilmis aracglar, taahhiit ettikleri Ogrenci tasima hizmetlerini
aksatmamak kaydiyla, personel servis tasima hizmetlerinde de kullanilabilir. Ancak, bu
tasima esnasinda okul servis araclarina ait 1s1kl1 isaretlerin soforler tarafindan kullanilmast
yasaktir.

h) Okul servis araci; Araclarin Imal, Tadil ve Montaji Hakkindaki Yonetmelik
hiikiimlerine uygun olmalidir.

1) Gerektigi hallerde ilgili meslek odasi, okul veya isyeri ve Ogrenci velileriyle
haberlesebilmek igin telsiz veya mobil telefon bulunmalidir.

i) Tasitlarda her 6grenci igin bir emniyet kemeri bulunmalidir.

j) Tasitlarda goriintii ve miizik sistemleri tasima hizmeti sirasinda kullanilmamalidir.

Tasimacinin yiikiimliiliigit

MADDE 5 - (1) Okul servis araglari ile tasimacilik yapanlar;

a) Ogrencilerin oturarak rahat bir yolculuk yapmalarim saglayacak tedbirleri alarak
taahhiit ettigi yere kadar gotiiriip getirmekle ve servis hizmeti sirasinda tasita baska
herhangi bir yolcu almamakla,

b) (Degisik RG 17/09/2009 — 27352) Tasut i¢i diizeni saglamak, okul 6ncesi egitim ve
ilkogretim oOgrencilerinin inme ve binmeleri sirasinda yardimci olmak tizere rehber
personel bulundurmakla,

) (Degisik RG 11/10/2008 - 27021) {lgili belediyeden Ozel Izin Belgesi (EK-4)
almakla

¢) Tasimacilarin yaninda calisanlar, hizmet akdine tabi olup, bunlarin sosyal
giivenlik yoniinden sigorta islemlerinin yaptirilmasi: zorunluluguyla,

d) (Degisik RG 11/10/2008 — 27021) Yetkili mercilerce belirlenen okul servis araglari
fiyat tarifelerindeki {icrete uymakla,,

e) (Degisik RG 11/10/2008 — 27021) Tasinan 6grencinin;

1) Okulun veya ikametgahinin degismesi,

2) Uzun siireli tedaviyi gerektiren bir hastalik gecirmesi,

3) Okumaktan vazge¢mesi veya okuma hakkini kaybetmesi,

hallerinden herhangi birine bagli olarak servisle tasinmaktan vazgec¢mesi
durumunda; varsa geri kalan aylarin iicretlerini iade etmekle,

ylikiimliidiirler.

Sikayetlerin degerlendirilmesi

MADDE 6 - (1) Turk Ticaret Kanunu, Borg¢lar Kanunu ve Karayollar1 Trafik
Kanunundaki isletenin ve ara¢ sahibinin sorumluluguna iliskin hiikiimler ile tagimaci ve
tasinan arasinda vuku bulabilecek anlagsmazliklarin giderilmesi amaciyla agilacak davalara
ait hususlar sakli kalmak kaydiyla; bu madde hiikiimleri ile bu Yonetmelikteki diger
hiikiimlere uygun davranmadiklar1 anlasilanlarla ilgili sikayetler trafik zabitasinca
degerlendirilir.

Okul servis araglarinin kiralanmasi

MADDE 7 - (1) Okul servis araglarinin kiralanmast; her yil okul-aile birligi yonetim
kurulu bagkaninin baskanhiginda, okul-aile birligi yonetim kurulunca belirlenecek bir
temsilci, okul-aile birligi yonetim kurulunca ¢ocugu servisle taginan veliler arasindan tespit
edilecek dort veli, okul koruma dernegi yonetim kurulunca belirlenecek bir temsilci ile
varsa okul egitim vakfi yOnetim kurulunca belirlenecek bir temsilcinin katilimlariyla
olusturulacak komisyon tarafindan yapailir.
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(2) Gergek ve tiizel kisiler, birlikte tasima hizmeti yapabilirler. Ancak, adlarina tescilli
tasitlarin koltuk sayisi, tasinacak toplam &grenci sayisinin beste birinden az olamaz. Bu
husus kiralanma agsamasinda Komisyon tarafindan dikkate alinir.

3) Ogrenci velileri istemeleri halinde, ¢ocuklarimi herhangi bir okul servis araci
igleteni ile anlagarak da tagitabilirler.

(4) Okul yonetimi ve yukarida belirtilen komisyon, servis hizmetlerinin saglikli,
diizenli ve disiplinli bir sekilde yiiriitiilmesine yonelik olarak, aksakligi tespit edilen
hususlari, hizmeti siirdiiren tasimacinin bagl oldugu meslek odalarina en kisa zamanda
bildirirler. Bu odalar kendi mevzuatlarinca disiplin islemlerini yapar ve sonucu okul
yonetimine bildirirler.

(5) Bu maddede belirtilen sartlara uymayanlarin 6zel izin belgesi, s6z konusu belgeyi
diizenleyen kurum tarafindan iptal edilir.

(6) (Degisik RG 17/09/2009 - 27352) Bu madde hiikiimleri tagimali egitimde
uygulanmaz.

Tasima iglerinde calisanlar

MADDE 8 - (1) Okul servis araglarini kullanan soforler ile rehber personel;

a) Sorumlu ve yetkili oldugu hizmetin niteliklerine sahip olmak,

b) (Degisik RG 17/09/2009 — 27352) Rehber personel i¢in 20 yasin1 doldurmus ve en
az ilkogretim mezunu olmak, (Danistay 8. Dairesinin 12.02.2010 tarihli ve Esas No:
2009/10048 Sayil1 Karar1 uyarinca Rehber personel icin 22 yas ve en az lise mezunu olma
sart1 uygulanmaktadar.)

¢) Tirk Ceza Kanununun 103, 104, 109, 188, 190, 191, 227 ve 5326 sayili1 Kabahatler
Kanununun 35 inci maddelerindeki suclardan affa ugramis olsa bile hiikiim giymemis
olmak,

¢) Soforler; E Simifi Siiriicti Belgesi icin 3 yillik, B Smift Siiriicii Belgesi igin 5 yillik
siiriicii belgesine sahip olmak,

d) (Degisik RG 11/10/2008 — 27021) Sofdrler, son bes (5) yil icerisinde; bilingli taksirli
olarak oltimlii trafik kazalarina karismamis olmak, alkollii olarak ara¢ kullanma ve hiz
kurallarini ihlal nedeniyle, siiriicii belgeleri birden fazla geri alinmamis olmak,

e) Sofdrler, "Yurtici Yolcu Tasimaciligr Siiriicli Mesleki Yeterlilik Belgesi" ne sahip
olmak,

zorundadirlar.

(2) Bu maddede belirtilen sartlara uymayanlarin 6zel izin belgesi, s6z konusu belgeyi
diizenleyen kurum tarafindan iptal edilir.

UCUNCU BOLUM
Sigorta Zorunlulugu, Sigorta Sirketlerinin Yiikiimliiliigii ve
Sigortasiz Tasima Yapilamayacag

Sigorta zorunlulugu

MADDE 9 - (1) Okul servis araglari, 6grenci tasiyan gercek ve tiizel kisiler ile kamu
kuruluslari, tasima hizmetinde kullanilan s6z konusu araglarina, Karayollar1 Trafik
Kanununun ongordiigii Zorunlu Karayolu Mali Sorumluluk Sigortasin1 yaptirmak
mecburiyetindedirler.

Sigorta sirketlerinin yiikiimliiliigii

MADDE 10 - (1) Tiirkiye’de kaza sigortasi dalinda ¢alisan ve ruhsati bulunan her
sigorta sirketi, okul servis araglarina Zorunlu Karayolu Mali Sorumluluk Sigortasi yapmak
zorundadir.

Sigortasiz tasima yapilamayacagt

MADDE 11 - (1) Zorunlu Karayolu Mali Sorumluluk Sigortas1 bulunmayan servis
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araglar1 ile 6grenci tasimaciligi yapilamaz. Bu madde hiikmiine aykiri olarak faaliyet
gosteren araclar hakkinda 2918 sayili Karayollar1 Trafik Kanununun 91 inci maddesi
hitkmii uygulanir.

DORDUNCU BOLUM

Denetim, Gegici Hiikiimler,Yiiriirliik ve Yiiriitme

Denetim

MADDE 12 - (1) Bakanlik yapacagi denetimleri, kendi personelinin yani sira,
valilikler, kolluk kuvvetleri (polis, zabita, jandarma) ve yetkili kildig1 diger kamu kurum ve
kuruluslarinin ~ personeli araciligiyla yapar. Denetimle ilgili olarak bu kuruluslar
Bakanlikla her zaman isbirligi icinde olmak ve Bakanlik talimatlarini yerine getirmek
zorundadir. Calisma sartlar1 yoniinden Milli Egitim Bakanlig1 ve diger ilgili kuruluslar da
mevzuatlari ¢ercevesinde her tiirlii denetimi yaparlar.

Tasimali egitim hizmetine iliskin istisnalar

GECICIi MADDE 1 - (Degisik RG 11/10/2008 - 27021) (1) Bu Yonetmeligin 4 iincii
maddesinin birinci fikrasinin (f) ve (i) bentleri, 5 inci maddesinin birinci fikrasinin (b), (d)
ve (e) bentleri, 6 nc1 maddesi, 7 nci maddesi, 8 inci maddesinin birinci fikrasinin (b) bendi
hiiktimleri tagimali egitimde kullanilan servis hizmetleri ic¢in 1/7/2010 (Degisik RG
17/09/2009 — 27352) tarihine kadar uygulanmaz. (Danistay 8. Dairesinin 12.02.2010 tarihli
ve Esas No: 2009/10048 Sayil1 Karar1 uyarinca 01/01/2010 tarihi esas alinmaktadir.)

(2) 1/1/2010 tarihine kadar tasimali egitimde kullanilan servis hizmetlerine miinhasir
ve bu gecici maddede yer alan hususlarla simrli olmak {izere, Milli Egitim Bakanliginin
diizenlemeleri esas alinir.

(3) (ilave RG 11/10/2008 — 27021) Bu Yonetmeligin 5 inci maddesinin birinci
fikrasinin (c) bendi uyarinca trafik denetleme sube veya biirolarindan 31/10/2008 tarihinden
once alinmis olan 6zel izin belgeleri, gegerlilik siiresinin bitimine kadar kullanilir."

(4) (ilave RG 11/10/2008 — 27021) Bu Yonetmeligin 8 inci maddesinin birinci
fikrasinin (e) bendi 1/7/2010 tarihine kadar uygulanmaz."

Yiiriirliik

MADDE 13 - (1) Bu Yonetmeligin 4 iincii maddesinin (f) bendi ile 8 inci maddesinin
(e) bendi yonetmeligin yayimi tarihinden 1 yil sonra, diger hiikiimleri yayimi tarihinde
yliriirliige girer.

Yiiriitme

MADDE 14 - (1) Bu Yonetmelik hiikiimlerini Ulastirma Bakani yiiriitiir.
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Bk 11
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®  Tim harf aralklar egit ve 11 mm'dir.

OLCEK: 1/10

Figure C.1 — Dimensions of reflective zone at the back of school buses for larger
vehicles
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Ek: 142

MiNiB USLER iGiN

212 mm
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208 mm

312 mm

= Tim harf aralklar egit ve 10 mm'dir.

OLCEK: 1/10

Figure C.2 — Dimensions of reflective zone at the back of school buses for smaller
vehicles
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EK: 2
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SIYAH
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OLCEK: 1/3

Figure C.3 — Dimensions for the stop sign at the back of the school bus
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...................................... VALILIGI
...................................... EMNIYET MUDURLUGU
............................ TRAFIK DENETLEME SUBE MUDURLUGU
BURO
AMIRLIGI
OKUL SERVIS ARACI BAKIM VE ONARIM TAKIP FORMU

OZEL 1ZIN BELGESI|
B A i

TASITIN PLAKASI ettt et h et s h et b e et ettt a et ettt a et eae bbb saennes

TASITIN CINSI ettt

TASITIN SAHIBI Cuerveerssssnssssessestassrsssassirssassissa s a AR SR A SRR SRR SRS SR SRR R R ER SR SRR SRS 0S

BELGEYI VEREN et ettt et ettt et et et et et et et e et e ettt e e ee e eee e eeeasereaeene
TRAFIK KURULUSU, [.ocovuiieieeiieeiieieeieeee s
YETKILIST VE TIMZASI ..o ee et e e e e s s et e s e ssenens

BAKIM VE BAKIM VE ONARIMI
ONARIMIN YAPAN FIRMA KASE VE
YAPILDIGI TARIH YETKILISININ iIMZASI

HANGI BAKIM VE
ONARIMLARIN YAPILDIGI

2918 sayili Karayollar1
Trafik Kanunu ile
Karayollar1 Trafik
'Yonetmeligi, Muayene
istasyonlarmm Acilmasi ve
Isletilmesi Hakkinda
Yonetmelik ve Araglarin
Imal Tadil ve Montajt
Hakkinda Yonetmelik'lerde
belirtilen hususlar
dogrultusunda, aracin
bakim ve onarimi
yapilmistir.

2918 sayili Karayollar
Trafik Kanunu ile
Karayollar1 Trafik
Yonetmeligi, Muayene
istasyonlarmm Acilmasi ve
Isletilmesi Hakkinda
Yonetmelik ve Araglarin
Imal Tadil ve Montaji
Hakkinda Yonetmelik'lerde
belirtilen hususlar
dogrultusunda, aracin
bakim ve onarimi

yapilmigtir.

Figure C.4 — School Transportation Vehicle Maintenance and Repair Form
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EK-4 (Degisik RG 11/10/2008 — 27021)

........................... BELEDIYESI BASKANLIGI
.............................. Daire Baskanligi/Sube Miidiirliigii

OKUL SERVIS ARACI OZEL izZIN

BELGESI

SAYISI ettt e

VERILIS TARIHI ettt

GECERLILIK TARTHI oo

TASITIN PLAKASI ettt

TASITIN CINSI ettt ettt

TASIT SAHIBININ ADI

SOVADL s

(SIRKET ISE UNVANI) e

TASITIN SOFORLERL  T-tuouiieiieieeieceeceees s
et e e et e et e e et e e e aba e e tbeeeabaaen seearaaaans
USSP

REHBER  PERSONEL

VEYA

SCRETMENIN S

SOYADI

TASITIN TASIMA

SINIRT (KAPASITEST) -

TASITIN IZLEYECEGI

GUZERGAH s

Yukarida isleteni, soforii, rehber personeli, plakasi ve giizergahi belirtilen okul

servis aracinin 2918 sayili Karayollar1 Trafik Kanunu, Karayollar1 Trafik

Yonetmeligi ve Okul Servis Araglari Hizmet Yonetmeligi ile UKOME/ Il-ilge

Trafik Komisyonu kararlarina uygunlugu anlagilmis olup, is bu Ozel Izin

Belgesi tanzim edilerek verilmistir.

Onaylayanin: Adi Soyadi
Imzasi :
Miihiir

Figure C.5 — School Transportation Vehicle Allowance Form
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APPENDIX D

Table D.1 — Descriptive Statistics for Students

DESCRIPTIVE STATISTICS FOR STUDENTS

Statistics

Descriptive

N

Min.

Max.

Mean

Std.
Dev.

Skewness

Kurtosis

Stat.

Stat.

Stat.

Std.

Stat.
a Error

Stat.

Std.

Stat.
a Error

Std.

Stat.
a Error

Age of the
student

149

11

15

12.74 | 0.069

0.841

0.459 | 0.199

-0.633 | 0.395

Gender of
the student

149

0.44 | 0.041

0.498

0.232 | 0.199

-1.973 | 0.395

Grade of the
student

149

6.66 | 0.062

0.759

0.649 | 0.199

-0.979 | 0.395

School bus
usage when
going to
school

148

424 | 0.114

1.392

-1.737 | 0.199

1.402 0.396

School bus
usage when
coming back

to home

149

4.55 | 0.064

0.784

-2.261 | 0.199

6.026 0.395

duration of
journey in

the morning
(minutes)

Approximate

149

10

90

30.65 | 1.245

15.198

0.825 | 0.199

0.928 0.395

duration of
journey in

the evening
(minutes)

Approximate

149

10

90

33.43 | 1.358

16.571

0.815 | 0.199

0.639 0.395

Whether
needs help
getting on

the bus

149

0.01 | 0.009

0.115

8.543 | 0.199

71.945 | 0.395

Whether
needs help
getting off

the bus

149

Whether a
stair that
helps to get
on or off to
the bus
exists or not

149

0.68 | 0.038

0.466

-0.802 | 0.199

-1.375 | 0.395
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Table D.1 (Continued)

Descriptive
Statistics

N

Min.

Max.

Mean

Std.
Dev.

Skewness

Kurtosis

Stat.

Stat.

Stat.

Stat.

Std.
Error

Stat.

Std.

Stat.
Error

Std.

Stat.
Error

Whether
emergency
exits are
marked or not

149

0.7

0.037

0.458

-0.907 | 0.199

-1.194 0.395

It is hot in the
bus in spring
months

149

4.32

0.076

0.931

-1.487 | 0.199

2.096 0.395

Itis cold in
the bus in
winter
months

149

2.89

0.118

1.436

0.036 | 0.199

-1.349 0.395

Disturbance
of hot in

spring

149

4.07

0.098

1.201

-1.342 | 0.199

0.918 0.395

Disturbance
of cold in
winter

149

2.64

0.117

1.434

0.325 | 0.199

-1.271 0.395

Music plays
in the bus

149

4.05

0.109

1.327

-1.177 | 0.199

0.034 0.395

Friends' noise
disturbs in
the morning
journeys

149

23

0.12

1.46

0.663 | 0.199

-1.061 0.395

Music
disturbs in
the morning
journeys

149

1.54

0.077

0.941

1.988 | 0.199

3.755 0.395

Friends' noise
disturbs in
the evening

journeys

149

2.28

0.123

1.507

0.709 | 0.199

-1.061 0.395

Music
disturbs in
the evening

journeys

149

1.54

0.085

1.043

2.092 | 0.199

3.606 0.395

Bus driver
intervenes
when
students
make noise

149

3.32

0.107

1.311

-0.434 | 0.199

-0.878 0.395

Student can
easily walk
and sit on the
place

149

3.86

0.109

1.326

-0.972 | 0.199

-0.332 0.395

Student can
sit according
to their choice

149

3.68

0.117

1.429

-0.696 | 0.199

-0.913 0.395
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Table D.1 (Continued)

Descriptive
Statistics

N

Min.

Max.

Mean

Std.
Deviation

Skewness

Kurtosis

Stat.

Stat.

Stat.

Std.

Stat. Error

Stat.

Std.

Stat. Error

Std.

Stat. Error

Fasten the
seat belt as
soon as
getting on the
bus

148

2.28 | 0.125

1.52

0.745 | 0.199

-1.006 | 0.396

Belt is fasten
throughout
the journey

149

2.2 0.117

1.428

0.809 | 0.199

-0.761 | 0.395

Disturbance
of jouncing

149

2.64 | 0.117

1.429

0.351 | 0.199

-1.224 | 0.395

Open window
when it is hot

149

3.23 0.14

1.705

-0.28 | 0.199

-1.656 | 0.395

The door is
closed during
the journey

149

444 | 0.086

1.049

-2.003 | 0.199

3.106 | 0.395

Student feels
sleepy in the
morning
journeys

149

3.59 | 0.121

1.48

-0.661 | 0.199

-1.003 | 0.395

Student feels
sleepy in the
evening
journeys

149

24 0.119

1.451

0.613 | 0.199

-1.042 | 0.395

Bus seat is
comfortable

149

3.7 0.109

1.328

-0.81 | 0.199

-0.507 | 0.395

Student feels
comfortable in
the bus

149

3.62 | 0.103

1.255

-0.65 | 0.199

-0.54 | 0.395

Student is
pleased about
the behavior
of the bus
driver

149

4.09 | 0.095

1.159

-1.137 | 0.199

0.399 | 0.395

Student feels
uncomfortable
when front
seat is laid
down

149

3.15 | 0.135

1.646

-0.194 | 0.199

-1.559 | 0.395

Seat belt is
suitable for
the student

149

3.05 | 0.123

1.499

-0.093 | 0.199

-1.305 | 0.395

Student feels
discomfort on
the neck
during the
journey

149

243 | 0117

1.43

0.446 | 0.199

-1.204 | 0.395
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Table D.1 (Continued)

L. N Min. | Max. Mean
Descriptive

Std.
Deviation

Skewness

Kurtosis

Statistics Std.
Stat. | Stat. | Stat. | Stat.
Error

Stat.

Stat.

Std.
Error

Stat.

Std.
Error

Student feels
discomfort on
the shoulders | 149 1 5 222 | 0.111
during the
journey

1.355

0.696

0.199

-0.835

0.395

Student feels
discomfort on
the back 149 1 5 241 | 0.119
during the
journey

1.447

0.556

0.199

-1.099

0.395

Student feels
discomfort on
the legs 149 1 5 2.23 | 0.108
during the
journey

1.322

0.66

0.199

-0.807

0.395

Student feels
discomfort on
the thigh 149 1 5 2.21 | 0.112
during the
journey

1.367

0.727

0.199

-0.842

0.395

Whether or

not student
feels any type | 149 0 1 0.52 | 0.041
of discomfort

on the neck

0.501

-0.095

0.199

-2.018

0.395

Total number
of discomfort
types declared
for the neck

149 0 6 0.63 | 0.066

0.8

2.775

0.199

14.554

0.395

Whether
student feels
excessive
pressure on
his/her neck
or not

149 0 1 0.03 | 0.015

0.181

5.233

0.199

25.73

0.395

Whether
student feels
stiffness on 149 0 1 0.19 | 0.033
his/her neck
or not

0.397

1.558

0.199

0.434

0.395

Whether
student feels
an ache on 149 0 1 0.23 | 0.035
his/her neck
or not

0.425

1.263

0.199

-0.409

0.395
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Table D.1 (Continued)

Std.
L. N Min. | Max. Mean . . Skewness Kurtosis
Descriptive Deviation

Statistics . . .
Stat. | Stat. | Stat. | Stat. Std Stat. Stat. Std Stat. Std
Error Error Error

Whether
student feels
soreness on 149 0 1 0.03 | 0.013 0.162 5.914 | 0.199 | 33.429 | 0.395
his/her neck or

not

Whether
student feels
prickling 149 | 0 1 | 005|009 0226 4 | 0199 | 14194 | 0395
sensation on
his/her neck or

not

Whether
student feels a
numbness on 149 0 1 0.09 | 0.023 0.283 2.955 | 0.199 | 6.824 | 0.395
his/her neck or
not

Whether or not
student feels
any type of 149 0 1 04 0.04 0.491 043 | 0.199 | -1.84 | 0.395
discomfort on
the shoulder

Total number
of discomfort
types declared | 149 0 6 0.47 | 0.061 0.74 3.346 | 0.199 | 20.523 | 0.395
for the
shoulder

Whether
student feels
excessive
pressure on
his/her
shoulder or not

149 0 1 0.02 | 0.012 0.141 6.902 | 0.199 | 46.265 | 0.395

Whether
student feels
stiffness on 149 0 1 0.16 0.03 0.369 1.863 | 0.199 1.49 0.395
his/her
shoulder or not

Whether
student feels
an ache on 149 0 1 0.14 | 0.029 0.349 2.085 | 0.199 | 2.378 | 0.395
his/her
shoulder or not

Whether
student feels
soreness on 149 0 1 0.04 | 0.016 0.197 47251 0.199 | 20.6 0.395
his/her
shoulder or not
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Table D.1 (Continued)

Descriptive
Statistics

N

Min.

Max.

Mean

Std.
Deviation

Skewness

Kurtosis

Stat.

Stat.

Stat.

Stat.

Std.
Error

Stat.

Stat.

Std.
Erro
r

Stat.

Std.
Error

Whether
student feels
prickling
sensation on
his/her
shoulder or
not

149

0.04

0.016

0.197

4.725

0.199

20.6

0.395

Whether
student feels a
numbness on
his/her
shoulder or
not

149

0.07

0.021

0.251

3.495

0.199

10.356

0.395

Whether or
not student
feels any type
of discomfort
on the back

149

0.48

0.041

0.501

0.068

0.199

-2.023

0.395

Total number
of discomfort
types declared
for the back

149

0.58

0.062

0.755

2.789

0.199

16.692

0.395

Whether
student feels
excessive
pressure on
his/her back or

not

149

0.05

0.019

0.226

0.199

14.194

0.395

Whether
student feels
stiffness on
his/her back or
not

149

0.11

0.025

0.311

2.562

0.199

4.627

0.395

Whether
student feels
an ache on
his/her back or
not

149

0.24

0.035

0.43

1.22

0.199

-0.52

0.395

Whether
student feels
soreness on
his/her back or
not

149

0.04

0.016

0.197

4.725

0.199

20.6

0.395
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Table D.1 (Continued)

L. N Min. | Max. Mean
Descriptive

Std.
Deviation

Skewness

Kurtosis

Statistics Std.
Stat. Stat. | Stat. | Stat.
Error

Stat.

Std.

Stat.
Error

Std.

Stat.
Error

Whether
student feels

pr1clfhng 149 0 1 0.05 | 0.017
sensation on
his/her back

or not

0.212

4.326 | 0.199

16.938 | 0.395

Whether
student feels
a numbness 149 0 1 0.09 | 0.023

on his/her
back or not

0.283

2.955 | 0.199

6.824 | 0.395

Whether or
not student
feels any
type of
discomfort
on the thigh

149 0 1 0.37 | 0.04

0.484

0.548 | 0.199

-1.723 | 0.395

Total
number of
discomfort

types

declared for
the thigh

149 0 6 0.42 | 0.057

0.698

3.801 | 0.199

26.495 | 0.395

Whether
student feels

excessive 149 0 1 0.03 | 0.013
pressure on
his/her thigh

or not

0.162

5914 | 0.199

33.429 | 0.395

Whether
student feels
stiffness on 149 0 1 0.06 | 0.02
his/her thigh
or not

0.239

3.728 | 0.199

12.061 | 0.395

Whether
student feels
an ache on 149 0 1 0.09 | 0.023
his/her thigh
or not

0.283

2.955 | 0.199

6.824 | 0.395

Whether
student feels
soreness on 149 0 1 0.07 | 0.021
his/her thigh
or not

0.251

3.495 | 0.199

10.356 | 0.395
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Table D.1 (Continued)

Std.
N Min. | Max. Mean .. Skewness Kurtosis
Deviation

Stat. | Stat. | Stat. | Stat. Std. Stat. Stat. Std. Stat. Std.
Error Error Error

Whether
student feels
i
PG 1 149 | 0 1 [o007 [ 0021 | 0262 | 3293|019 | 8963 | 0395
sensation on
his/her thigh

or not

Whether
student feels a
numbness on 149 0 1 0.1 | 0.025 0.302 2.681 | 0.199 | 5.26 0.395
his/her thigh
or not

Whether or

not student
feels any type | 149 0 1 0.51 | 0.041 0.502 -0.041 | 0.199 | -2.026 | 0.395
of discomfort

on the legs

Total number
of discomfort
types declared
for the legs

149 0 6 0.64 | 0.07 0.856 2.807 | 0.199 | 13.515 | 0.395

Whether
student feels
excessive 149 | o 1 | 003 | 0013 0.162 5914 | 0.199 | 33.429 | 0.395
pressure on
his/her legs or

not

Whether
student feels
stiffness on 149 0 1 0.05 | 0.017 0.212 4.326 | 0.199 | 16.938 | 0.395
his/her legs or
not

Whether
student feels
an ache on 149 0 1 0.11 | 0.026 0.319 2452 | 0.199 | 4.069 | 0.395
his/her legs or
not

Whether
student feels
soreness on 149 0 1 0.03 | 0.013 0.162 5.914 | 0.199 | 33.429 | 0.395
his/her legs or
not

Whether
student feels
prickling
sensation on
his/her legs or
not

149 0 1 0.14 | 0.029 0.349 2.085 | 0.199 | 2.378 | 0.395
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Table D.1 (Continued)

Descriptive
Statistics

N

Min.

Max.

Mean

Std.
Deviation

Skewness

Kurtosis

Stat.

Stat.

Stat.

Stat.

Std.
Error

Stat.

Std.

Stat.
Error

Std.

Stat.
Error

Whether
student
feels a
numbness
on his/her
legs or not

149

0.28

0.037

0.451

0.979 | 0.199

-1.055 | 0.395

Seat pan

cushion

hardness
suitability

149

0.59

0.095

1.163

0.379 | 0.199

1.537 | 0.395

Seat pan
width
suitability

149

-3

0.01

0.073

0.889

0.922 | 0.199

6.334 | 0.395

Seat pan
length
suitability

149

-3

0.02

0.064

0.775

0.671 | 0.199

9.819 | 0.395

Seat back
cushion
hardness
suitability

149

0.7

0.099

1.206

0.532 | 0.199

0.68 | 0.395

Seat back
width
suitability

149

-0.06

0.058

0.709

-0.834 | 0.199

10.69 | 0.395

Seat back
height
suitability

149

0.03

0.067

0.813

-0.049 | 0.199

7.778 | 0.395

Seat back
cushion
shoulder
support

149

3.43

0.103

1.259

-0.446 | 0.199

-0.695 | 0.395

Seat back
cushion
back
support

149

3.45

0.106

1.297

-0.453 | 0.199

-0.786 | 0.395

Seat back
cushion
waist
support

149

3.34

0.107

1.304

-0.362 | 0.199

-0.873 | 0.395

Existence of
headrest

149

0.34

0.039

0.476

0.672 | 0.199

-1.57 | 0.395

Headrest
hardness
suitability

51

0.45

0.154

1.101

0.878 | 0.333

2.906 | 0.656

Headrest
width
suitability

51

-0.16

0.129

0.925

-0.94 | 0.333

6.169 | 0.656
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Table D.1 (Continued)

Descriptive
Statistics

N

Min.

Max.

Mean

Std.
Deviation

Skewness

Kurtosis

Stat.

Stat.

Stat.

Std.

Stat.
Error

Stat.

Std.

Stat.
Error

Std.

Stat.
Error

Headrest
height
suitability

51

0.12 | 0.082

0.588

2.437 | 0.333

11.391 | 0.656

Headrest
placement
suitability

51

0 0.128

0.917

0 0.333

7.358 | 0.656

Existence of
armrest

149

0.56 | 0.041

0.498

-0.26 | 0.199

-1.959 | 0.395

Armrest
length
suitability

84

-0.04 | 0.073

0.667

2.039 | 0.263

9.193 0.52

Armrest
width
suitability

84

-0.25 | 0.088

0.805

-0.648 | 0.263

6.127 0.52

Armrest
height
suitability

84

0.02 | 0.045

0.41

4.477 | 0.263

35.192 | 0.52

Armrest
placement
suitability

84

0.13 | 0.063

0.576

4.643 | 0.263

20904 | 0.52

Would feel
more
comfortable
with a
headrest
present

149

3.87 | 0.103

1.259

-0.765 | 0.199

-0.462 | 0.395

Would feel
more
comfortable
with an
armrest
present

149

4.01 0.1

1.219

-0.956 | 0.199

-0.14 | 0.395

Would feel
more
comfortable
with
armrests at
both sides

149

3.92 | 0.112

1.363

-0.988 | 0.199

-0.365 | 0.395

Would feel
more
comfortable
if seat pan
was sloped
downward

149

3.07 | 0.114

1.386

0.005 | 0.199

-1.094 | 0.395
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Table D.1 (Continued)

Descriptive
Statistics

N

Min.

Max.

Mean

Std.
Deviation

Skewness

Kurtosis

Stat.

Stat.

Stat.

Stat.

Std.
Error

Stat.

Stat.

Std.
Error

Stat.

Std.
Error

Would feel
more
comfortable
if seat pan
was sloped
upward

149

0.11

1.346

-0.017

0.199

-0.967

0.395

Would feel
more
comfortable
if seat is
laid back

149

3.87

0.097

1.187

-0.757

0.199

-0.382

0.395

Would feel
more
comfortable
if the seat is
upright

149

2.66

0.113

1.374

0.277

0.199

-0.962

0.395

Ability to
move the
seat back
forth to feel
more
comfortable

149

3.09

0.126

1.533

-0.069

0.199

-1.414

0.395

Ability to
lay the seat
back or
forth to feel
more
comfortable

149

3.11

0.123

1.505

-0.124

0.199

-1.311

0.395

Ability to
move the
seat up and
down to
feel more
comfortable

149

291

0.125

1.526

0.08

0.199

-1.356

0.395
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APPENDIX E

ONE SAMPLE STATISTICS OF STUDENTS FOR COMPARISION WITH 3

Table E.1 - One Sample Statistics of Students for Comparison With 3

Bootstrap
0, f'
One-Sample Statistics Statistic . Std. 95% Confidence
Bias Interval
Error
Lower Upper
N 148
. . . . Mean 4.32 0 0.08 4.15 4.47
It is hot in the bus in spring
Std. Dev. 0.933 -0.002 0.077 0.784 1.072
months LE
Std. Error
077
Mean 0.0
N 148
) . . . Mean 2.88 0 0.12 2.66 3.11
It is cold in the bus in winter
Std. Dev. 1.438 -0.003 0.045 1.337 1.516
months LE
Std. Error
11
Mean 0-118
N 148
Mean 4.06 0 0.1 3.84 424
Disturbance of hot Std. Dev. 1.202 -0.002 0.085 1.021 1.358
Std. Error
Mean 0.099
N 148
Mean 2.63 0 0.11 2.41 2.85
Disturbance of cold Std. Dev. 1.435 -0.005 0.05 1.331 1.526
Std. Error
1
Mean 0.118
N 148
Mean 4.05 0 0.11 3.82 4.25
Music play Std. Dev. 1.329 -0.002 0.079 1.158 1.47
Std. Error
1
Mean 0.109
N 148
) . . . Mean 2.31 0 0.12 2.08 2.53
Friends making noise disturbs
. D Std. Dev. 1.461 -0.007 0.057 1.33 1.559
in the morning journeys
Std. Error 012
Mean ’
N 148
o . . Mean 1.54 0 0.07 1.41 1.68
Music disturbs in the morning
. Std. Dev. 0.943 -0.009 0.083 0.772 1.097
journeys i E
. Error
Mean 0.078
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Table E.1 (Continued)
Bootstrap
95% Confid
One-Sample Statistics Statistic ) Std. o Confidence
Bias Interval
Error
Lower Upper
N 148
. . . . Mean 2.28 0 0.12 2.03 2.53
Friends making noise disturbs
. N Std. Dev. 1.512 -0.009 0.058 1.383 1.61
in the evening journeys
Std. Error 0124
Mean ’
N 148
L . . Mean 1.53 0 0.09 1.39 1.71
Music disturbs in the evening
. Std. Dev. 1.039 -0.005 0.1 0.838 1.219
journeys Std E
. Error
0.085
Mean
N 148
. . Mean 3.31 0 0.1 3.11 3.5
Bus driver intervenes when
. Std. Dev. 1.309 -0.005 0.057 1.189 1.409
students make noise Std
td. Error
0.108
Mean
N 148
. . Mean 3.88 0 0.11 3.65 4.09
Student can easily walk and sit
Std. Dev. 1.309 -0.005 0.069 1.16 1.43
on the place St E
td. Error
0.108
Mean
N 148
. . Mean 3.68 0 0.12 3.45 3.9
Student can sit according to
. . Std. Dev. 1.434 -0.007 0.059 1.308 1.536
their choice St E
td. Error
118
Mean 0
N 148
Mean 2.28 0 0.12 2.05 2.51
Fasten the seat belt as soon as
. Std. Dev. 1.52 -0.005 0.06 1.39 1.622
getting on the bus
Std. Error 0125
Mean ’
N 148
. Mean 2.2 0 0.11 1.99 2.41
Belt is fasten throughout the
. Std. Dev. 1.432 -0.004 0.063 1.301 1.543
journey
Std. Error 0118
Mean ’
N 148
Mean 2.64 0 0.12 24 2.86
Uncomfortable because of
. . . . Std. Dev. 1.434 -0.006 0.053 1.325 1.528
jouncing during the journey
Std. Error 0118
Mean ’
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Table E.1 (Continued)

Bootstrap
One-Sample Statistics Statistic ) Std. 95% Confidence
Bias Interval
Error
Lower Upper
N 148
Mean 3.22 0 0.14 2.95 3.49
Open the window when it is hot
Std. Dev. 1.704 -0.004 0.04 1.617 1.774
Std. Error
Mean 0-14
N 148
The door is closed during the Mean 4.44 0 0.09 4.26 4.6
journey Std. Dev. 1.051 -0.003 0.099 0.845 1.229
Std. Error
Mean 0.086
N 148
Student feels sleepy in the Mean 3.6 0 0.12 3.37 3.83
morning journeys Std. Dev. 1.479 -0.005 0.061 1.351 1.581
Std. Error
Mean 0.122
N 148
Student feels sleepy in the Mean 24 0 0.12 217 2.64
evening journeys Std. Dev. 1.456 -0.005 0.058 1.329 1.562
Std. Error
Mean 0.12
N 148
Bus seat is comfortable Mean 371 0 0.11 35 393
Std. Dev. 1.331 -0.006 0.065 1.184 1.445
Std. Error
Mean 0.109
N 148
Student feels comfortable in the Mean 3.63 0 0.1 3.43 3.83
bus Std. Dev. 1.258 -0.005 0.062 1.125 1.368
Std. Error
Mean 0.103
N 148
Student is pleased about the Mean 4.1 0 0.1 3.91 4.3
behavior of the bus driver Std. Dev. 1.159 -0.003 0.073 1.008 1.291
Std. Error
Mean 0.095
N 148
Student feels uncomfortable Mean 3.14 0 0.13 2.88 34
when front seat is laid back Std. Dev. 1.644 -0.005 0.045 1.549 1.726
Std. Error
Mean 0.135
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Table E.1 (Continued)
Bootstrap
95% Confid
One-Sample Statistics Statistic ) Std. o Confidence
Bias Interval
Error
Lower Upper
N 148
Seat belt is suitable for the Mean 3.06 0.01 0.12 2.84 3.3
student Std. Dev. 1.495 -0.004 0.05 1.386 1.584
Std. Error
0.123
Mean
N 148
Student feels discomfort on the Mean 2.42 0 0.12 2.19 2.65
neck during the journey Std. Dev. 1.429 -0.005 0.054 1.313 1.528
Std. Error
0.117
Mean
N 148
Student feels discomfort on the Mean 2.21 0 0.11 1.99 2.41
shoulders during the journey Std. Dev. 1.352 -0.005 0.062 1.216 1.464
Std. Error
0.111
Mean
N 148
Student feels discomfort on the Mean 24 0 0.12 2.16 2.63
back during the journey Std. Dev. 1.446 -0.007 0.057 1.316 1.549
Std. Error
0.119
Mean
N 148
Student feels discomfort on the Mean 2.24 0 0.11 2.03 2.45
legs during the journey Std. Dev. 1.327 -0.005 0.058 1.203 1.433
Std. Error
.109
Mean 0.10
N 148
Student feels discomfort on the Mean 2.19 0 0.11 1.95 2.39
thigh during the journey Std. Dev. 1.352 -0.006 0.06 1.222 1.459
Std. Error
11
Mean 0
N 148
Status of the seat back cushion Mean 3.45 0 0.1 3.24 3.64
shoulder support for the student | Std. Dev. 1.247 -0.003 0.059 1.125 1.358
Std. Error
Mean 0.102
N 148
Status of the seat back cushion Mean 3.47 0 0.1 3.25 3.66
back support for the student Std. Dev. 1.285 -0.003 0.059 1.163 1.394
Std. Error
Mean 0.106
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Table E.1 (Continued)

Bootstrap
95% C i
One-Sample Statistics Statistic ) Std. o Confidence
Bias Interval
Error
Lower Upper
N 148
Status of the seat back cushion Mean 3.36 0 0.1 3.16 3.57
waist support for the student Std. Dev. 1.294 -0.004 | 0.055 1.18 1.4
Std. Error
0.106
Mean
N 148
Would feel more comfortable Mean 3.88 0 0.1 3.68 4.07
with a headrest present Std. Dev. 1.261 -0.002 0.063 1.131 1.383
Std. Error
0.104
Mean
N 148
Would feel more comfortable Mean 4.01 0 0.1 3.82 4.18
with an armrest present Std. Dev. 1.221 -0.003 0.066 1.095 1.351
Std. Error
0.1
Mean
N 148
Would feel more comfortable Mean 3.91 0 0.11 3.71 4.11
with armrests at both sides Std. Dev. 1.365 -0.006 0.069 1.217 1.49
Std. Error
0.112
Mean
N 148
Would feel more comfortable if Mean 3.07 0 0.11 2.86 3.27
seat pan was sloped downward Std. Dev. 1.388 -0.006 0.054 1.274 1.482
Std. Error
114
Mean 0
N 148
Would feel more comfortable if Mean 2.99 0 0.11 2.76 3.19
seat pan was sloped upward Std. Dev. 1.34 -0.006 0.056 1.215 1.442
Std. Error
a1
Mean 0
N 148
Would feel more comfortable if Mean 3.86 0 0.1 3.68 4.05
seat is laid back Std. Dev. 1.188 -0.006 0.061 1.058 1.302
Std. Error
Mean 0.098
N 148
Would feel more comfortable if Mean 2.68 0 0.11 2.47 2.87
the seat is upright Std. Dev. 1.371 -0.004 0.058 1.246 1.481
Std. Error
Mean 0.113

116




Table E.1 (Continued)

Bootstrap
95% Confid
One-Sample Statistics Statistic ) Std. o Confidence
Bias Interval
Error
Lower Upper
. N 148
Ability to move the seat back
Mean 3.07 0 0.12 2.84 3.32
and forth to feel more
Std. Dev. 1.53 -0.002 0.048 1.435 1.62
comfortable
Std. Error 0126
Mean ’
N 148
Ability to lay the seat back or Mean 3.1 0 0.12 2.87 3.32
forth to feel more comfortable Std. Dev. 1.502 -0.003 0.051 14 1.595
Std. Error
0.123
Mean
N 148
Ability to move the seat up and Mean 2.89 0 0.13 2.64 3.14
down to feel more comfortable Std. Dev. 1.521 -0.005 0.049 1.423 1.61
Std. Error
0.125
Mean
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APPENDIX F

ONE SAMPLE T-TEST FOR COMPARING MEAN RESPONSES OF STUDENTS WITH 3

Table F.1 - One Sample T-Test for Comparing Mean Responses of Students With 3

Test Value =3
95% Confidence
T Df Sig. (2- Mean Interval of the
tailed) | Difference Difference
Lower Upper
Itis hotin the bus in spring 17172 | 147 0 1.318 117 1.47
months
Itis cold in the busin winter |4 5 | 147 | (305 0122 0.36 0.11
months
Disturbance of hot 10.735 147 0 1.061 0.87 1.26
Disturbance of cold -3.151 147 0.002 -0.372 -0.6 -0.14
Music play 9.65 147 0 1.054 0.84 1.27
Friends makmg 1’10.186 disturbs in 5739 147 0 0689 093 045
the morning journeys
Music disturbs in the moming | ;¢ ¢ | 147 0 -1.459 1.61 131
journeys
Friends makmg n91se disturbs in 5763 147 0 0716 0.96 047
the evening journeys
Music dlst.urbs in the evening 1716 147 0 1466 164 13
journeys
Bus driver intervenes when 289 | 147 | 0.004 0311 0.1 0.52
students make noise
Student can easily walk and sit 8.165 147 0 0.878 0.67 1.09
on the place
Student can sit ac.cordmg to their 5,790 147 0 0.682 0.45 0.92
choice
Fasten thej seat belt as soon as 5786 147 0 0723 097 -0.48
getting on the bus
Belt is fastt.en throughout the 6,832 147 0 -0.804 104 057
journey
f 1 f
_Uncomfortable because o 3005 | 147 | 0.002 -0.365 0.6 -0.13
jouncing during the journey
Open the window when it is hot 1.543 147 0.125 0.216 -0.06 0.49
The dooris closed during the 0 (o |47 0 1.439 1.27 1.61
journey
Student feels sleepy in the 4947 | 147 0 0.601 0.36 0.84
morning journeys
Student fecls sleepy in the 5026 | 147 0 -0.601 -0.84 -0.36
evening journeys
Bus seat is comfortable 6.483 147 0 0.709 0.49 0.93
Student feels cbo:slfortable in the 6.078 147 0 0.628 0.42 0.83
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Table F.1 (Continued)

Test Value =3
95% Confidence
Sig. (2- Mean Interval of the
T Df . . .
tailed) | Difference Difference
Lower Upper
Student is pleased about the
behavior of the bus driver 11.56 147 0 1101 0-91 129
Student feels un.com.fortable 1 147 0.319 0.135 013 04
when front seat is laid down
Seat belt s suitable for the 0495 | 147 | o621 0.061 -0.18 0.3
student
Student feel§ dlscorr}fort on the 4948 147 0 0581 081 035
neck during the journey
Student feels dl.scomfo.rt on the 7116 147 0 0791 101 057
shoulders during the journey
Student fee1§ dlscorr}fort on the 5058 147 0 0601 084 037
back during the journey
Student fee1§ dlscon}fort on the 7001 147 0 0764 098 055
legs during the journey
Stude.nt feels. dlscom.fort on the 7996 147 0 0811 1.03 059
thigh during the journey
Status of the seat back cushion 4351 147 0 0.446 024 0.65
shoulder support for the student
Status of the seat back cushion 4413 147 0 0.466 0.26 0.68
back support for the student
Status of the seat back cushion | 5 50 |47 | 01 0.358 0.15 0.57
waist support for the student
Wou¥d feel more comfortable 8.473 147 0 0.878 0.67 1.08
with a headrest present
Would feel more comfortable | o as | 1y7 0 1.007 0.81 121
with an armrest present
unld feel more Comforltable 813 147 0 0.912 0.69 113
with armrests at both sides
Would feel more comfortableif 1} o) )7 | 555 0.068 -0.16 0.29
seat pan was sloped downward
Would feel more comfortable if 0123 147 0.903 0,014 023 02
seat pan was sloped upward
1d feel f le if
Would feel more comfortable if | g o0 | 7 0 0.865 0.67 1.06
seat is laid back
Would feel more comfortableif |, 077 | 107 |05 -0.324 -0.55 0.1
the seat is upright
Ability to move the seat back
and forth to feel more 0.591 147 0.555 0.074 -0.17 0.32
comfortable
Ability tolay the seatback or {0 | 147 | 495 0.101 0.14 0.35
forth to feel more comfortable
Ability tomove the seat upand | 00\ | 447 | (389 -0.108 -0.36 0.14
down to feel more comfortable
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APPENDIX G

ONE SAMPLE STATISTICS OF STUDENTS FOR COMPARISON WITH 0

Table G.1 - One Sample Statistics of Students for Comparison With 0

Bootstrap
5 .
One-Sample Statistics Statistic ] Std. 95% Confidence
Bias Interval
Error
Lower Upper
N 37
. Mean 0.68 -0.01 0.21 0.27 1.05
Seat pan cushion hardness
s Std. Dev. 1.313 -0.029 0.148 0.96 1.573
suitability
Std. Error 0216
Mean ’
N 37
Mean 0.03 0 0.13 -0.24 0.3
Seat pan width suitability Std. Dev. 0.799 -0.039 0.203 0.329 1.114
Std. Error
131
Mean 0.13
N 37
Mean 0.08 0 0.14 -0.16 0.32
Seat pan length suitability Std. Dev. 0.862 -0.048 0.234 0 1.214
Std. Error
142
Mean 0
N 37
M 0.46 0 0.19 0.11 0.81
Seat back cushion Std eIaJn 1.145 0.029 0.177 0.762 1.443
hardness suitability td. Dev. . — . . .
Std. Error 0.188
Mean ’
N 37
Mean -0.14 0 0.1 -0.38 0.05
Seat back width suitability | Std. Dev. 0.631 -0.036 0.174 0.287 0.917
Std. Error
.104
Mean 0.10
N 37
Mean 0.14 0 0.09 -0.03 0.32
Seat back height suitability | Std. Dev. 0.585 -0.043 0.181 0.229 0.878
Std. Error
Mean 0.096
N 37
Mean 0.43 0 0.18 0.08 0.78
Headrest hardness
q s Std. Dev. 1.119 -0.033 0.189 0.651 1.443
suitability Sl E
td. Error
Mean 0.184
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Table G.1 (Continued)

Bootstrap
95% Confid
One-Sample Statistics Statistic . Std. % Confidence
Bias Interval
Error
Lower Upper
N 37
Mean -0.24 0 0.17 -0.62 0.08
Headrest width suitability Std. Dev. 1.065 -0.032 0.187 0.646 1.378
Std. Error
0.175
Mean
N 37
Mean 0.11 0 0.1 -0.08 0.32
Headprest height suitability Std. Dev. 0.658 -0.033 0.175 0.329 0.955
Std. Error
0.108
Mean
N 37
Mean 0.08 0 0.14 -0.19 0.38
Headrest placement suitability | Std. Dev. 0.924 -0.05 0.233 0.333 1.29
Std. Error
0.152
Mean
N 37
Mean 0 0 0.1 -0.19 0.22
Armrest length suitability Std. Dev. 0.707 -0.034 0.162 0.372 1.004
Std. Error
0.116
Mean
N 37
Mean -0.16 0 0.1 -0.4 0.03
Armrest width suitability Std. Dev. 0.688 -0.028 0.163 0.364 0.968
Std. Error
113
Mean 0
N 37
Mean -0.03 0 0.04 -0.11 0.05
Armrest height suitability Std. Dev. 0.287 -0.016 0.084 0 0.405
Std. Error
.047
Mean 0.0
N 37
Mean 0.11 0 0.08 0 0.3
Armrest placement suitability Std. Dev. 0.516 -0.072 0.258 0 0.845
Std. Error
Mean 0.085
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APPENDIX H

ONE SAMPLE T-TEST FOR COMPARING MEAN RESPONSES OF STUDENTS WITH 0

Table H.1 - One Sample T-Test for Comparing Mean Responses of Students With 0

Test Value =0
95% Confidence
T Df Sig. (2- Mean Interval of the
tailed) | Difference Difference
Lower Upper
Seat pan cushion hardness 3129 | 36 0.003 0.676 0.24 1.11
suitability
Seat pan width suitability 0.206 36 0.838 0.027 -0.24 0.29
Seat pan length suitability 0.572 36 0.571 0.081 -0.21 0.37
Seat back cushion hardness 2441 | 36 0.02 0.459 0.08 0.84
suitability
Seat back width suitability -1.303 36 0.201 -0.135 -0.35 0.08
Seat back height suitability 1.405 36 0.169 0.135 -0.06 0.33
Headrest hardness suitability 2.351 36 0.024 0.432 0.06 0.81
Headrest width suitability -1.39 36 0.173 -0.243 -0.6 0.11
Headrest height suitability 1 36 0.324 0.108 -0.11 0.33
Headrest placement suitability 0.534 36 0.597 0.081 -0.23 0.39
Armrest length suitability 0 36 1 0 -0.24 0.24
Armrest width suitability -1.434 36 0.16 -0.162 -0.39 0.07
Armrest height suitability -0.572 36 0.571 -0.027 -0.12 0.07
Armrest placement suitability 1.276 36 0.21 0.108 -0.06 0.28
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APPENDIX 1

Table 1.1 - Descriptive Statistics for Drivers

DESCRIPTIVE STATISTICS FOR DRIVERS

Descriptive
Statistics

N

Min.

Max.

Mean

Std.
Dev.

Skewness

Kurtosis

Stat.

Stat.

Stat.

Std.

Stat.
a Error

Stat.

Std.

Stat.
a Error

Std.

Stat.
a Error

Age of the
driver

38

23

63

39.18 | 1.634

10.075

0.59 | 0.383

-0.531 0.75

Driving
experience

38

42

18.84 | 1.597

9.843

0.519 | 0.383

-0.384 0.75

School bus
experience

38

40

9.21 | 1.282

7.905

1.961 | 0.383

5.26 0.75

Approximate
duration of
journey in the
morning(min.)

38

30

150

68.55 | 4.892

30.155

1.012 | 0.383

0.209 0.75

Approximate
duration of
journey in the
evening(min.)

38

30

150

725 | 4.858

29.949

0.855 | 0.383

-0.152 0.75

Belt is fasten
throughout
the journey

38

4.74 | 0.082

0.503

-1.771 | 0.383

2.491 0.75

Uncomfortable
because of
jouncing dur.
journey

38

2.32 | 0.185

1.141

1.173 | 0.383

0.664 0.75

Open the
window when
itis hot

38

3.79 | 0.193

1.189

-0.994 | 0.383

0.027 0.75

Open the door
when it is hot

38

1.26 | 0.117

0.724

4.069 | 0.383

19.584 | 0.75

Driver feels
discomfort
from the noise
of the students

38

2.87 | 0.233

1.436

0.358 | 0.383

-1.343 0.75

Feel discomf.
from the noise
of the students
in the morning

38

2.53 | 0.209

1.289

0.818 | 0.383

-0.431 0.75

Feel discomf.
from the noise
of the students
in the evening

38

2.74 | 0.225

1.389

0.437 | 0.383

-1.18 0.75
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Table I.1 (Continued)

Descriptive
Statistics

N

Min.

Max.

Mean

Std.
Deviation

Skewness

Kurtosis

Stat.

Stat.

Stat.

Stat.

Std.
Error

Stat.

Std.

Stat.
Error

Std.

Stat.
Error

Music plays in
the service

38

3.55

0.198

1.224

-0.736 | 0.383

-0.446 | 0.75

Music
disturbs the
driver in the

journeys

38

2.39

0.171

1.054

0.586 | 0.383

-0.326 | 0.75

Driver can
easily reach to
the control
panel

38

4.45

0.105

0.645

-1.389 | 0.383

3.786 | 0.75

Driver closes
the door
before he

starts driving

38

4.76

0.07

0.431

-1.289 | 0.383

-0.359 | 0.75

Driver closes
the door after
he starts
driving

38

1.45

0.154

0.95

2.554 | 0.383

6.34 0.75

Driver starts
driving after
all students sit
their places

38

4.66

0.102

0.627

-2.376 | 0.383

7.457 | 0.75

Driver
intervenes
when students
try to open
window

38

4.37

0.133

0.819

-1.108 | 0.383

0.446 | 0.75

Driver
informs the
students about
emergency
exits

38

4.45

0.123

0.76

-1.37 | 0.383

1.644 | 0.75

Driver
concerns on
radio, climate
and such
devices

38

2.5

0.216

1.331

0.218 | 0.383

-1.572 | 0.75

Driver
concerns on
the music

38

2.66

0.23

1.419

0.11 | 0.383

-1.527 | 0.75

Driver opens
the door after
fully stopping

38

4.76

0.07

0.431

-1.289 | 0.383

-0.359 | 0.75

It is hot in the
bus in spring
months

38

3.16

0.194

1.197

-0.221 | 0.383

-1.119 | 0.75
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Table I.1 (Continued)

N Min. | Max. Mean

Descriptive

Std.
Deviation

Skewness

Kurtosis

Std.
Error

Statistics

Stat. | Stat. | Stat. | Stat.

Stat.

Std.

Stat.
Error

Std.

Stat.
Error

It is cold in the
bus in winter 38 1 5
months

1.87 | 0.165

1.018

1.412 | 0.383

1.787 | 0.75

Disturbance of
hot weather in 38 1 5

spring

2.66 | 0.23

1.419

0.589 | 0.383

-1.013 | 0.75

Disturbance of
cold weather 38 1 5
in winter

1.95 | 0.16

0.985

1.364 | 0.383

1.909 | 0.75

Driver feels

sleepy in the

38 1 4 1.37 | 0.103

morning
journeys

0.633

2.212 | 0.383

6.655 | 0.75

Driver feels
sleepy in the

. 38 1 4
evening

1.34 | 0.102

journeys

0.627

2.376 | 0.383

7.457 | 0.75

Driver feels
discomfort on
the neck 38 1 5
during the

journey

2.03 | 0.208

1.284

1.243 | 0.383

0.428 | 0.75

Driver feels
discomfort on
the shoulders 38 1 5

during the
journey

1.92 | 0.186

1.148

1.406 | 0.383

1.329 | 0.75

Driver feels
discomfort on
the back 38 1 5
during the

journey

1.89 | 0.18

1.47 ] 0.383

1.781 | 0.75

Driver feels
discomfort on
the legs 38 1 5
during the

journey

1.66 | 0.157

0.966

2.276 | 0.383

6.098 | 0.75

Driver feels
discomfort on
the thigh 38 1 5
during the

journey

1.71 | 0.155

0.956

1.805 | 0.383

3.581 | 0.75

Whether or

not driver
feels any type 38 0 1
of discomfort

on the neck

024 | 0.07

0.431

1.289 | 0.383

-0.359 | 0.75

125




Table I.1 (Continued)

Descriptive
Statistics

N

Min.

Max.

Mean

Std.
Deviation

Skewness

Kurtosis

Stat.

Stat.

Stat.

Stat.

Std.
Error

Stat.

Stat.

Std.
Error

Stat.

Std.
Error

Total number of
discomfort
types declared
for the neck

38

0.24

0.07

0.431

1.289

0.383

-0.359

0.75

Whether driver
feels excessive
pressure on
his/her neck or
not

38

Whether driver
feels stiffness
on his neck or

not

38

0.16

0.06

0.37

1.954

0.383

1.918

0.75

Whether driver
feels an ache on
his neck or not

38

0.08

0.044

0.273

3.253

0.383

9.055

0.75

Whether driver
feels soreness
on his neck or

not

38

Whether driver
feels prickling
sensation on his
neck or not

38

Whether driver
feels numbness
on his neck or
not

38

Whether or not
driver feels any
type of
discomfort on
the shoulder

38

0.21

0.067

0.413

1.479

0.383

0.195

0.75

Total number of
discomfort
types declared
for the shoulder

38

0.21

0.067

0.413

1.479

0.383

0.195

0.75

Whether driver
feels excessive
pressure on his
shoulder or not

38

Whether driver
feels stiffness
on his shoulder
or not

38

0.11

0.05

0.311

2.679

0.383

5.464

0.75
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Table I.1 (Continued)

Descriptive
Statistics

N

Min.

Max.

Mean

Std.
Deviation

Skewness

Kurtosis

Stat.

Stat.

Stat.

Stat.

Std.
Error

Stat.

Stat.

Std.
Error

Stat.

Std.
Error

Whether driver

feels an ache on

his shoulder or
not

38

0.11

0.05

0.311

2.679

0.383

5.464

0.75

Whether driver
feels soreness
on his shoulder
or not

38

Whether driver
feels prickling
sensation on his
shoulder or not

38

Whether driver

feels numbness

on his shoulder
or not

38

Whether or not
driver feels any

type of

discomfort on
the back

38

0.13

0.056

0.343

2.27

0.383

3.327

0.75

Total number of
discomfort
types declared
for the back

38

0.21

0.094

0.577

2.654

0.383

5.808

0.75

Whether driver

feels excessive

pressure on his
back or not

38

0.03

0.026

0.162

6.164

0.383

38

0.75

Whether driver
feels stiffness
on his back or

not

38

0.05

0.037

0.226

4.174

0.383

16.27

0.75

Whether driver
feels an ache on
his back or not

38

0.11

0.05

0.311

2.679

0.383

5.464

0.75

Whether driver
feels a pain on
his back or not

38

Whether driver
feels prickling
sensation on his
back or not

38

0.03

0.026

0.162

6.164

0.383

38

0.75

Whether driver
feels numbness
on his back or
not

38
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Table I.1 (Continued)

Descriptive
Statistics

N

Min.

Max.

Mean

Std.
Deviation

Skewness

Kurtosis

Stat.

Stat.

Stat.

Stat.

Std.
Error

Stat.

Stat.

Std.
Error

Stat.

Std.
Error

Whether or not
driver feels any
type of
discomfort on
the thigh

38

0.16

0.06

0.37

1.954

0.383

1.918

0.75

Total number of

discomfort types

declared for the
thigh

38

0.16

0.06

0.37

1.954

0.383

1.918

0.75

Whether driver

feels excessive

pressure on his
thigh or not

38

Whether driver
feels stiffness on
his thigh or not

38

Whether driver
feels an ache on
his thigh or not

38

0.05

0.037

0.226

4.174

0.383

16.27

0.75

Whether driver
feels soreness on
his thigh or not

38

Whether driver
feels prickling
sensation on his
thigh or not

38

0.03

0.026

0.162

6.164

0.383

38

0.75

Whether driver

feels numbness

on his thigh or
not

38

0.08

0.044

0.273

3.253

0.383

9.055

0.75

Whether or not
driver feels any
type of
discomfort on
legs

38

0.11

0.05

0.311

2.679

0.383

5.464

0.75

Total number of

discomfort types

declared for the
legs

38

0.11

0.05

0.311

2.679

0.383

5.464

0.75

Whether driver

feels excessive

pressure on his
legs or not

38

Whether driver
feels stiffness on
his legs or not

38
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Table I.1 (Continued)

Descriptive
Statistics

N

Min.

Max.

Mean

Std.
Deviation

Skewness

Kurtosis

Stat.

Stat.

Stat.

Stat.

Std.
Error

Stat.

Stat.

Std.
Error

Stat.

Std.
Error

Whether driver
feels an ache on
his legs or not

38

Whether driver
feels soreness
on his legs or

not

38

Whether driver
feels prickling
sensation on his
legs or not

38

Whether driver
feels numbness
on legs or not

38

0.11

0.05

0.311

2.679

0.383

5.464

0.75

Status of seat
pan cushion
hardness suit
for the driver

38

0.03

0.026

0.162

6.164

0.383

38

0.75

Status of the
seat pan width
suit for the
driver

38

0.21

0.114

0.704

3.61

0.383

12.55

0.75

Status of the
seat pan height
suit for driver

38

0.08

0.079

0.487

6.164

0.383

38

0.75

Status of the
back cushion
hardness suit
for the driver

38

0.18

0.112

0.692

3.874

0.383

14.25

0.75

Status of the
back width suit
for the driver

38

0.107

0.658

2.408

0.383

11.7

0.75

Status of the
back height suit
for the driver

38

-3

0.11

0.091

0.559

-3.96

0.383

2043

0.75

Status of the
back cushion
shoulder
support for the
driver

38

3.79

0.204

1.255

-1.56

0.383

2.125

0.75

Status of the
back cushion
back support
for the driver

38

3.68

0.214

1.317

-1.24

0.383

0.909

0.75

Status of the
back cushion
waist support

38

3.79

0.204

1.255

-1.39

0.383

1.64

0.75
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Table I.1 (Continued)

Descriptive
Statistics

N

Min.

Max.

Mean

Std.
Deviation

Skewness

Kurtosis

Stat.

Stat.

Stat.

Stat.

Std.
Error

Stat.

Stat.

Std.
Error

Stat.

Std.
Error

Whether or not
the service has a
headrest

38

0.82

0.064

0.393

-1.69

0.383

0.926

0.75

Status of the
headrest
hardness suit for
the driver

31

Status of the
headrest width
suit for the
driver

31

-0.03

0.032

0.18

-5.56

0.421

31

0.821

Status of the
headrest height
suit for the
driver

31

-0.03

0.032

0.18

-5.56

0.421

31

0.821

Status of the
headrest place
suit for the
driver

31

-0.06

0.045

0.25

-3.72

0.421

12.71

0.821

Whether or not
the seat has an
armrest

38

0.87

0.086

0.529

0.99

0.383

6.764

0.75

Status of the
armrest
hardness suit for
the driver

31

0.13

0.101

0.562

4.86

0.421

24.59

0.821

Status of the
armrest width
suit for the
driver

31

0.06

0.103

0.574

4.54

0.421

25.08

0.821

Status of the
armrest height
suit for the
driver

31

0.1

0.097

0.539

5.56

0.421

31

0.821

Status of the
armrest place
suit for the
driver

31

0.03

0.109

0.605

3.85

0.421

21.00

0.821

Driver would
feel more
comfortable if
headrest exist

38

3.53

0.202

1.246

-0.59

0.383

-0.64

0.75

Driver would
feel more
comfortable if
armrest exists

38

3.58

0.209

1.287

-0.66

0.383

-0.73

0.75
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Table I.1 (Continued)

Descriptive
Statistics

N

Min.

Max.

Mean

Std.
Deviation

Skewness

Kurtosis

Stat.

Stat.

Stat.

Stat.

Std.
Error

Stat.

Stat.

Std.
Error

Stat.

Std.
Error

Driver would
feel more
comfortable if
armrest exist on
both sides

38

2.45

0.187

1.155

0.57

0.383

-0.47

0.75

Driver would
feel more
comfortable if
seat pan cushion
were downward

38

2.45

0.198

1.224

0.45

0.383

-0.84

0.75

Driver would
feel more
comfortable if
seat pan cushion
were upward

38

2.5

0.199

1.225

0.41

0.383

-0.92

0.75

Driver would
feel more
comfortable if
seat is laid back

38

2.37

0.186

1.149

0.67

0.383

-0.26

0.75

Driver would
feel more
comfortable if
the seat is
upright

38

2.76

0.208

1.283

0.06

0.383

-1.15

0.75

Driver is able to
feel more
comfortable by
moving the seat
back and forth

38

4.32

0.156

0.962

-1.65

0.383

2.926

0.75

Driver is able to
feel more
comfortable by
tilting the seat
back and forth

38

4.11

0.184

1.134

-1.39

0.383

1.407

0.75

Driver is able to
feel more
comfortable by
moving the seat
down and up

38

4.13

0.182

1.119

-1.49

0.383

1.782

0.75
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APPENDIX]

ONE SAMPLE STATISTICS OF DRIVERS FOR COMPARISION WITH 3

Table J.1 - One Sample Statistics of Drivers for Comparison With 3

Bootstrap
One-Sample Statistics Statistic ) Std. 95% Confidence
Bias Interval
Error
Lower Upper
N 38
Mean 4.74 0 0.08 4.55 4.87
Belt is fasten throughout the Std. Dev. 0.503 -0.011 0.082 0.343 0.645
journey Std.
Error 0.082
Mean
N 38
Mean 2.32 0.01 0.18 1.97 2.68
Uncomfortable because of Std. Dev. 1.141 -0.018 0.145 0.788 1.368
jouncing during the journey Std.
Error 0.185
Mean
N 38
Mean 3.79 0.01 0.19 3.39 4.13
Open the window when it is hot Std. Dev. 1.189 -0.026 0.133 0.853 1.409
Std.
Error 0.193
Mean
N 38
Mean 1.26 0 0.12 1.08 1.53
Open the door when it is hot Std. Dev. 0.724 -0.066 0.265 0.273 1.109
Std.
Error 0.117
Mean
N 38
Mean 2.87 0.01 0.23 2.45 3.34
Driver feels discomfort from the | Std. Dev. 1.436 -0.02 0.101 1.203 1.594
noise of the students Std.
Error 0.233
Mean
N 38
. . Mean 2.53 0 0.21 2.11 2.95
Driver feels discomfort from the
noise of the students in the Std. Dev. 1.289 -0.022 0.128 0.998 1.492
morning Std.
Error 0.209
Mean
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Table J.1 (Continued)

Bootstrap
95% Confid
One-Sample Statistics Statistic ) Std. o Confidence
Bias Interval
Error
Lower Upper
N 38
Driver feels discomfort from the Mean 2.74 0 0.22 2.32 3.18
noise of the students in the Std. Dev. 1.389 -0.02 0.104 1.152 1.551
evenin
g Std. Error 0,925
Mean
N 38
Mean 3.55 0.01 0.19 3.18 3.89
Music plays in the service Std. Dev. 1.224 -0.026 0.119 0.927 1.416
Std. Error
0.198
Mean
N 38
o . . Mean 2.39 0 0.17 2.08 2.74
Music disturbs the driver in the
. Std. Dev. 1.054 -0.022 0.11 0.798 1.244
journeys
Std. Error 0171
Mean ’
N 38
. . Mean 4.45 0 0.1 4.24 4.63
Driver can easily reach to the
. .. Std. Dev. 0.645 -0.024 0.114 0.481 0.855
control panel since driving
Std. Error 0.105
Mean ’
N 38
. Mean 4.76 0 0.07 4.63 4.89
Driver closes the door before he
.. Std. Dev. 0.431 -0.006 0.046 0.311 0.489
starts driving
Std. Error 0.07
Mean ’
N 38
. Mean 1.45 0.01 0.15 1.18 1.79
Driver closes the door after he
.. Std. Dev. 0.95 -0.022 0.212 0.431 1.297
starts driving St E
td. Error
154
Mean 0-15
N 38
. . Mean 4.66 0 0.1 4.45 4.82
Driver starts driving after all
. . Std. Dev. 0.627 -0.023 0.144 0.393 0.938
students sit their places
Std. Error 0102
Mean ’
N 38
) . Mean 4.37 -0.01 0.14 4.05 4.61
Driver intervenes when students
. Std. Dev. 0.819 -0.017 0.101 0.599 1.005
try to open window
Std. Error 0133
Mean ’
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Table J.1 (Continued)

Bootstrap
95% Confid
One-Sample Statistics Statistic ) Std. o Confidence
Bias Interval
Error
Lower Upper
N 38
Mean 4.45 0 0.12 4.21 4.68
Driver informs the students
. Std. Dev. 0.76 -0.024 0.115 0.525 0.971
about emergency exits
Std. Error 0123
Mean ’
N 38
Mean 2.5 0 0.21 2.08 2.92
Driver concerns on radio,
. . Std. Dev. 1.331 -0.02 0.077 1.149 1.454
climate and such devices Std
td. Error
0.216
Mean
N 38
. . Mean 2.66 0 0.22 2.21 3.11
Driver concerns on the music by
. . . Std. Dev. 1.419 -0.023 0.085 1.224 1.555
himself till the journey
Std. Error 023
Mean ’
N 38
. Mean 4.76 0 0.07 4.61 4.89
Driver opens the door after the
Std. Dev. 0.431 -0.007 0.047 0.311 0.495
bus completely stops
Std. Error 0.07
Mean ’
N 38
. . . . Mean 3.16 0 0.19 2.76 3.55
It is hot in the bus in spring
Std. Dev. 1.197 -0.023 0.093 0.983 1.358
months St E
td. Error
194
Mean 0
N 38
. . . . Mean 1.87 0 0.16 1.55 2.18
It is cold in the bus in winter
Std. Dev. 1.018 -0.026 0.155 0.683 1.297
months St E
td. Error
.165
Mean 0.16
N 38
Mean 2.66 0 0.23 2.24 3.11
Disturbance from hot weather in
. Std. Dev. 1.419 -0.026 0.115 1.149 1.591
spring months
Std. Error 023
Mean ’
N 38
. Mean 1.95 0 0.16 1.63 2.26
Disturbance from cold weather
. . Std. Dev. 0.985 -0.032 0.158 0.634 1.249
in winter months St E
td. Error
Mean 0.16
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Table J.1 (Continued)

Bootstrap
95% Confid
One-Sample Statistics Statistic ) Std. o Confidence
Bias Interval
Error
Lower Upper
N 38
. . Mean 1.37 0 0.1 1.18 1.58
Driver feels sleepy in the
.. Std. Dev. 0.633 -0.016 0.139 0.413 0.862
morning journeys
Std. Error 0103
Mean ’
N 38
. . Mean 1.34 0 0.1 1.16 1.55
Driver feels sleepy in the
.. Std. Dev. 0.627 -0.018 0.145 0.37 0.862
evening journeys
Std. Error 0102
Mean ’
N 38
Mean 2.03 0 0.21 1.66 2.47
Driver feels discomfort on the
. . Std. Dev. 1.284 -0.032 0.157 0.917 1.527
neck during the journey
Std. Error 0.208
Mean ’
N 38
Mean 1.92 0 0.19 1.58 2.29
Driver feels discomfort on the
. . Std. Dev. 1.148 -0.029 0.163 0.781 1.421
shoulders during the journey
Std. Error 0.186
Mean ’
N 38
Mean 1.89 0 0.18 1.58 2.29
Driver feels discomfort on the
. . Std. Dev. 1.11 -0.032 0.17 0.732 1.398
back during the journey
Std. Error 018
Mean ’
N 38
. . Mean 1.66 0 0.16 1.37 1.97
Driver feels discomfort on the
. . Std. Dev. 0.966 -0.044 0.221 0.5 1.319
legs during the journey
Std. Error 0.157
Mean ’
N 38
. . Mean 1.71 0 0.16 1.42 2.05
Driver feels discomfort on the
. . . Std. Dev. 0.956 -0.034 0.18 0.547 1.247
thigh during the journey
Std. Error 0.155
Mean ’
N 38
. Mean 0.03 0 0.02 0 0.08
Status of the seat pan cushion
. . Std. Dev. 0.162 -0.037 0.096 0 0.273
hardness suit for the driver Sid
td. Error
Mean 0.026
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Table J.1 (Continued)

Bootstrap
95% Confid
One-Sample Statistics Statistic ) Std. o Confidence
Bias Interval
Error
Lower Upper
N 38
. ) Mean 0.21 0.01 0.12 0.03 0.47
Status of the seat pan width suit
. Std. Dev. 0.704 -0.038 0.229 0.162 1.033
for the driver Std
td. Error
0.114
Mean
N 38
. Mean 0.08 0 0.08 0 0.24
Status of the seat pan cushion
. . . Std. Dev. 0.487 -0.095 0.3 0 0.82
height suit for the driver Std. E
td. Error
0.079
Mean
N 38
Mean 0.18 0.01 0.11 0.45
Status of the back cushion Std. D 0,692 0,036 0244 P
hardness suit for the driver Std' ev. . — . .
td. Error
0.112
Mean
N 38
Mean 0 0 0.11 -0.18 0.24
Status of the back cushion width
. . Std. Dev. 0.658 -0.028 0.186 0.324 0.981
suit for the driver St E
td. Error
0.107
Mean
N 38
Mean -0.11 0 0.09 -0.29 0.05
Status of the back cushion Std. D 0559 | -0.048 | 0218 | 0.162 0.891
height suit for the driver - JEv. . — . . .
Std. Error 0.091
Mean ’
N 38
. Mean 3.79 -0.01 0.2 3.37 4.18
Status of the back cushion
. Std. Dev. 1.255 -0.024 0.198 0.801 1.589
shoulder support for the driver
Std. Error 0.204
Mean ’
N 38
M 3.68 0 0.21 3.26 4.05
Status of the back cushion back cat
. Std. Dev. 1.317 -0.025 0.174 0.916 1.605
support for the driver
Std. Error 0014
Mean ’
N 38
M 3.79 0 0.2 3.39 4.18
Status of the back cushion waist cat
. Std. Dev. 1.255 -0.029 0.186 0.822 1.586
support for the driver
Std. Error 0.204
Mean ’
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Table J.1 (Continued)

Bootstrap
95% Confid
One-Sample Statistics Statistic ) Std. o Confidence
Bias Interval
Error
Lower Upper
N 38
. Mean 3.53 0 0.2 3.13 3.89
Driver would feel more Std. D 1246 | -002 | o116 | 1.001 1.451
comfortable if headrest exist S td - eV . — . : :
td. Error
0.202
Mean
N 38
. Mean 3.58 -0.01 0.2 3.18 3.97
Driver would feel more
. . Std. Dev. 1.287 -0.021 0.117 1.04 1.497
comfortable if armrest exist Std
td. Error
0.209
Mean
N 38
Driver would feel more Mean 2.45 0 0.18 2.13 2.82
comfortable if armrest exist on Std. Dev. 1.155 -0.018 0.11 0.921 1.351
both sides
Std. Error 0187
Mean
N 38
Driver would feel more Mean 2.45 0 0.19 2.08 2.82
comfortable if seat pan cushion | Std. Dev. 1.224 -0.021 0.103 1.004 1.397
was downward
Std. Error 0.198
Mean
N 38
Driver would feel more Mean 2.5 0 0.19 2.11 2.87
comfortable if seat pan cushion | Std. Dev. 1.225 -0.023 0.1 0.997 1.388
was upward
P Std. Error 0.199
Mean
N 38
. Mean 2.37 0.01 0.18 2 2.74
Driver would feel more Std. D 1149 | 002 | 0115 | 0905 1.344
comfortable if seat is laid back S d. = ev. : — : - -
td. Error
.18
Mean 0186
N 38
. Mean 2.76 0 0.21 2.34 3.21
Driver would feel more
. . . Std. Dev. 1.283 -0.028 0.097 1.059 1.429
comfortable if seat is upright
Std. Error 0.208
Mean ’
N 38
Driver is able to feel more Mean 4.32 -0.01 0.15 3.97 4.58
comfortable by moving the seat | Std. Dev. 0.962 -0.017 | 0.161 0.638 1.26
back and forth
Std. Error 0.156
Mean
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Table J.1 (Continued)

Bootstrap
95% Confid
One-Sample Statistics Statistic ) Std. o Confidence
Bias Interval
Error
Lower Upper
N 38
Driver is able to feel more Mean 4.11 -0.01 0.18 3.71 4.45
comfortable by tilting the seat Std. Dev. 1.134 -0.023 0.164 0.775 1.426
back and forth
Std. Error 0.184
Mean
N 38
Driver is able to feel more Mean 4.13 -0.02 0.18 3.74 4.45
comfortable by moving the seat Std. Dev. 1.119 -0.018 0.169 0.751 1.398
down and u
P Std. Error 0182
Mean
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APPENDIX K

ONE SAMPLE T-TEST FOR COMPARING MEAN RESPONSES OF DRIVERS WITH 3

Table K.1 - One Sample T-Test for Comparing Mean Responses of Drivers with 3

Test Value =3
95% Confidence
T Df Sig. (2- Mean Interval of the
tailed) | Difference Difference
Lower Upper
Belt is fast?n throughout the 21.077 37 0 1.737 157 19
journey
_Uncomfortable because of 3695 | 37 0.001 -0.684 -1.06 -0.31
jouncing during the journey
Open the window when it is hot 4.093 37 0 0.789 0.4 1.18
Open the door when it is hot -14.798 37 0 -1.737 -1.97 -1.5
Drlver.feels discomfort from 0565 37 0.576 0132 06 0.34
noise of the students
Driver feels discomfort from
noise of the students in the -2.265 37 0.029 -0.474 -0.9 -0.05
morning
Driver feels discomfort from
noise of the students in the -1.168 37 0.25 -0.263 -0.72 0.19
evening
Music plays in the service 2.784 37 0.008 0.553 0.15 0.95
. h ; T th
Music disturbs the driverinthe | ;) | 47 0.001 -0.605 -0.95 -0.26
journeys
Driver can easﬂ)'I reach'tc? the 13.832 37 0 1.447 104 1.66
control panel since driving
Driver closes the (.flo.or before he 25.926 37 0 1.763 1.62 19
starts driving
Driver closes the.d.oor after he 10.074 37 0 1553 186 104
starts driving
Driver starts .dr1v1.ng after all 16.296 37 0 1.658 1.45 1.86
students sit their places
Driver intervenes wben students 10.295 37 0 1.368 11 164
try to open window
Driver informs the stuc'lents 11733 37 0 1.447 12 17
about emergency exits
Driver concerns on ra.cho, climate 2317 37 0.026 05 094 006
and such devices
Driver concerns on the music by
. . . -1.486 37 0.146 -0.342 -0.81 0.12
himself till the journey
Driver opens the door after the 25.026 37 0 1.763 162 1.9
bus completely stops
It is hot in the bus in spring 0.813 37 0.422 0.158 -0.24 0.55
It is cold in the bus in winter -6.852 37 0 -1.132 -1.47 -0.8
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Table K.1 (Continued)

Test Value =3

95% Confidence
Sig, (2- Mean Interval of the
T Df . . .
tailed) | Difference Difference
Lower Upper
Dlsturbance‘from hot weather in 1486 37 0.146 0342 081 012
spring months
Dlsturb.ance.z from cold weather 6,588 37 0 1053 138 073
in winter months
Driver feels sleepy in the 1588 | 37 0 -1.632 -1.84 142
morning journeys
Driver feels sleepy in the 16296 | 37 0 -1.658 -1.86 145
evening journeys
Driver feels.dlscom.fort on the 4676 37 0 0974 14 055
neck during the journey
Driver feels dl?COl’nfOI'.t on the 5794 37 0 1.079 146 07
shoulders during the journey
Driver feels.dlscom.fort on the 6139 37 0 1105 147 074
back during the journey
Driver feels. dlscom.fort on the 8561 37 0 1340 166 10
legs during the journey
Drlv?r feels 'dlscomfort on the 8315 37 0 1289 16 098
thigh during the journey
Status of the éeat pan cus.hlon 113 37 0 2974 3.03 20
hardness suit for the driver
Status of the seat pan cushion | ) ) | 57 0 2.789 -3.02 2.56
width suit for the driver
Statu§ of the. seat pan c1.15h1on 37 37 0 2901 3.08 276
height suit for the driver
Status of the back cushion 25089 | 37 0 2.816 3.04 2.59
hardness suit for the driver
Status of the back cushlon width 2812 37 0 3 37 o8
suit for the driver
Status of the back cus?uon height 34218 37 0 3105 399 29
suit for the driver
Status of the back cush10f1 3.876 37 0 0.789 0.38 12
shoulder support for the driver
Status of the back cushion back 15 )0y | 57 0.003 0.684 0.25 112
support for the driver
Status of the back cushl.on waist 3.876 37 0 0.789 0.38 12
support for the driver
Driver would feel more 2603 | 37 0.013 0.526 0.12 0.94
comfortable if headrest exist
Driver would feel more 2774 | 37 0.009 0.579 0.16 1
comfortable if armrest exist
Driver would feel more
comfortable if armrest exist on -2.948 37 0.006 -0.553 -0.93 -0.17
both sides
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Table K.1 (Continued)

Test Value =3

95% Confidence
Sig. (2- Mean Interval of the
T Df . . .
tailed) | Difference Difference
Lower Upper
Driver would feel more
comfortable if seat pan cushion | -2.784 37 0.008 -0.553 -0.95 -0.15
were downward
Driver would feel more
comfortable if seat pan cushion | -2.517 37 0.016 -0.5 -0.9 -0.1
were upward
Driver would feel more
comfortable if heading of the -3.389 37 0.002 -0.632 -1.01 -0.25
seat is laid back
Driver would feel more
comfortable if heading of the -1.138 37 0.262 -0.237 -0.66 0.18
seat is upright
Driver is able to feel more
comfortable by moving the seat 8.435 37 0 1.316 1 1.63
back and forth
Driver is able to feel more
comfortable by tilting the seat 6.008 37 0 1.105 0.73 1.48
back and front
Driver is able to feel more
comfortable by moving the seat 6.233 37 0 1.132 0.76 1.5
down and up
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APPENDIX L

ONE SAMPLE STATISTICS OF DRIVERS FOR COMPARISON WITH 0

Table L.1 - One Sample Statistics of drivers for comparison with 0

Bootstrap
0, f'
One-Sample Statistics Statistic ) Std. 95% Confidence
Bias Interval
Error
Lower Upper
N 29
. Mean 0.03 0 0.03 0 0.1
Status of the seat pan cushion Std. D 0.186 0.0 0111 0 031
hardness suit for the driver Std. - ev. . — . .
td. Error
.034
Mean 0.03
N 29
. Mean 0.28 0 0.14 0.03 0.59
Status of the seat pan cushion Std. D 0.797 0.051 0.259 0.186 1152
width suit for the driver S d. - ev. : — : : :
td. Error
.14
Mean 0.148
N 29
. Mean 0.1 0 0.1 0 0.31
Status of the seat pan cushion
. . . Std. Dev. 0.557 -0.129 0.345 0 0.93
height suit for the driver
Std. Error 0103
Mean ’
N 29
. Mean 0.24 0 0.14 0 0.55
Status of the back cushion Std. D 0.786 0.059 0.279 0 1153
hardness suit for the driver Std. - ev. . — . .
td. Error
.14
Mean 0146
N 29
. ) Mean 0.03 -0.01 0.14 -0.21 0.34
Status of the back cushion width
. . Std. Dev. 0.731 -0.054 0.208 0.325 1.088
suit for the driver Std E
td. Error
1
Mean 0.136
N 29
. Mean -0.03 0 0.06 -0.14 0.07
Status of the back cushion
. . . Std. Dev. 0.325 -0.027 0.099 0 0.463
height suit for the driver
Std. Error 0.06
Mean ’
N 29
. Mean 3.76 0 0.24 3.28 4.21
Status of the back cushion
. Std. Dev. 1.3 -0.039 0.233 0.779 1.661
shoulder support for the driver
Std. Error 0241
Mean ’
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Table L.1 (Continued)

Bootstrap
95% Confid
One-Sample Statistics Statistic ) Std. o Confidence
Bias Interval
Error
Lower Upper
N 29
. Mean 3.79 0 0.24 3.31 4.24
Status of the back cushion back
. Std. Dev. 1.292 -0.041 0.223 0.786 1.66
support for the driver
Std. Error 004
Mean ’
N 29
. . Mean 3.79 0 0.24 3.31 4.24
Status of the back cushion waist
. Std. Dev. 1.292 -0.039 0.223 0.774 1.66
support for the driver
Std. Error 004
Mean ’
N 29
Mean 0
Status of the headrest hardness
. . Std. Dev. .000a
suit for the driver
Std. Error 0
Mean
N 29
Mean 0 0 0 0 0
Status of the headrest width suit
. Std. Dev. .000a 0 0 0 0
for the driver
Std. Error 0
Mean
N 29
. . Mean 0 0 0 0 0
Status of the headrest height suit
. Std. Dev. .000a 0 0 0 0
for the driver
Std. Error 0
Mean
N 29
Mean -0.03 0 0.03 -0.1 0
Status of the headrest place suit
. Std. Dev. 0.186 -0.043 0.115 0 0.31
for the driver S E
td. Error
Mean 0.034
N 29
Mean 0.14 0 0.11 0 0.38
Status of the armrest hardness
. . Std. Dev. 0.581 -0.085 0.289 0 0.942
suit for the driver Sl
td. Error
Mean 0.108
N 29
. ) Mean 0.07 0 0.11 -0.1 0.31
Status of the armrest width suit
. Std. Dev. 0.593 -0.089 0.299 0 0.988
for the driver ™
td. Error
Mean 0.11
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Table L.1 (Continued)

Bootstrap
95% Confid
One-Sample Statistics Statistic ) Std. o Confidence
Bias Interval
Error
Lower Upper
N 29
. ) Mean 0.1 0 0.1 0 0.31
Status of the armrest height suit
. Std. Dev. 0.557 -0.129 0.345 0 0.93
for the driver S
td. Error
Mean 0.103
N 29
) Mean 0.03 0 0.11 -0.14 0.28
Status of the armrest place suit
. Std. Dev. 0.626 -0.072 0.275 0 1.037
for the driver s
td. Error
Mean 0.116
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APPENDIXM

ONE SAMPLE T-TEST FOR COMPARING MEAN RESPONSES OF DRIVERS WITH 0

Table M.1 - One Sample T-Test for comparing mean responses of drivers with 0

Test Value =0
95% Confidence
T Df Sig. (2- Mean Interval of the
tailed) | Difference Difference
Lower Upper
Status of the seat pan cushion 1 28 | 0326 0.034 -0.04 0.11
hardness suit for the driver
Status of the seat pan cushion | -, g0\ | og 0.073 0.276 -0.03 0.58
width suit for the driver
Status of the seat pan cushion 1 28 | 0326 0.103 -0.11 0.32
height suit for the driver
Status of the back cushion 1653 | 28 | 0.109 0.241 -0.06 0.54
hardness suit for the driver
Status of the back cushion width | - o) | g 0.801 0.034 -0.24 0.31
suit for the driver
Status of the back cushion height | - o7, | g 0.573 -0.034 -0.16 0.09
suit for the driver
Status of the back cushion 15571 | 28 0 3.759 3.26 425
shoulder support for the driver
Status of the back cush}on back 15.807 28 0 3,793 33 498
support for the driver
Status of the back cushllon waist 15.807 28 0 3,793 33 498
support for the driver
Status of the headr.est place suit 1 28 0.326 0,034 011 0.04
for the driver
Status of the armrest hardness | ) 79 | g 0.212 0.138 -0.08 0.36
suit for the driver
Status of the armrest width suit | o,c | 55 | (537 0.069 -0.16 0.29
for the driver
Status of the armre.st height suit 1 28 0.326 0.103 o011 032
for the driver
Status of the armrest place suit {9, | 5| 769 0.034 02 0.27
for the driver
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