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Summary 

This thesis’ work has been conducted at and made possible by Autoliv Sverige AB in 

Vårgårda. The aim of this thesis is to study how the occupant experience of the belt changes 

when it is moved from a traditional installation point in the car's B-pillar, to the seat. This 

shall be studied in terms of how the perceived comfort is influenced by a belt in seat in an 

upright and a reclined seat back position of 20 and 45 degrees, for different sizes of 

occupants. Also how the ability to reach a belt in seat is affected by the size and mobility of 

the occupant. Based on this new knowledge, an optimal outlet position for a belt in seat shall 

be proposed, from a comfort perspective. 

The work has used a cross-sectional research approach to achieve its purpose. Through the 

cross-sectional approach, several different qualitative and quantitative methods have been 

used. Initially, a literature study where subjects relevant to the forthcoming study was studied. 

Meanwhile, a competitive analysis of existing belt in seat installations in new cars available 

on the market was planned and carried out. In the main element of this work, a two-part 

comfort and mobility study with a belt in seat was performed. The study combined the 

methods interview, survey and observation. Through the interview, qualitative questions 

were asked as a complement to the quantitative responses given by the test subjects on scales 

in the survey. Observations were used to observe the subjects' behavior and difficulties 

regarding the belt in seat. 

A major limitation of the results of the study is the deficient distribution of sitting heights 

and genders in the group of test subjects, which founded a certain bias in the results. This 

has been the reason why it has not been possible to draw any certain conclusions from the 

results, however, some trends have been seen.  

The comfort study revealed several different assessments of the belt that contributed to 

discomfort, including the perception of the belt being too close to the neck or too far out on 

the shoulder. Additionally, the discomfort significantly impaired when the seat was reclined 

to the relaxed state. The mobility study showed that more subjects felt limited by their own 

bodies in the movement than by the belt. In addition did the reversed belt geometry create 

large discomfort issues at the neck. 

An important conclusion of this thesis is that the seat’s design is as important to the customer 

experience of discomfort of the belt as the positioning of the outlet. It has also become clear 

that the accessibility of a belt in seat is strongly limited, as it was tested in this study.
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1 Introduction 

Autoliv was founded 1953 in Vårgårda Sweden by Lennart Lindblad and started as a tractor 

and repair shop. 3 years later, the first seat belt was launched. (Autoliv, n.d., a) Autoliv is 

today the world’s largest automotive safety supplier. Autoliv is working with all leading car 

manufacturers. Autoliv is developing, marketing and manufacturing safety systems such as 

seat belts, airbags, night- and camera vision systems. Their products help saving 30 000 lives 

annually. Autoliv’s vision is “Saving More Lives” and the mission is “To be the leading supplier of 

Safety Systems for the Future Car, well integrated with Autonomous Driving”. (Autoliv, n.d., b) 

The development in the automotive industry follows a direction towards less human 

involving, as Slocum (n.d.) describes as one of the “Eight patterns of evolution”. A possible 

future scenario is that occupants will be allowed to drop both eyes and mind off the road to 

use the time in the car for other activities. For Autoliv to follow the trends of the future cars, 

new belt systems need to be developed that can meet these new situations. 

This thesis is carried out in collaboration with Autoliv in order to increase the knowledge of 

future belt systems. In this introductory chapter the background, problem description, 

objectives and limitations of this theses will be described. 

1.1 Background 

As the development in the automotive industry is progressing and more advanced systems 

are introduced in the vehicle assisting the driver to drive. A future scenario is that the 

occupant can let go of both hands, eyes and minds from the road. This makes the comfort 

more important if the occupant, for example, wants to turn around to talk to other occupants 

in the back seat or recline the backrest to relax. For new seating positions to be possible, seat 

belts can no longer be attached to the b-pillar and new solutions needs to be found. One 

possible place to mount the seat belt is into the seat, by moving the installation point from 

b-pillar to the seat the belt comfort can feel different to the occupant. There is little 

information about how the occupants perceive seat belt comfort.  

Many people today do not wear seat belt or wear them wrong. It also depends on which 

country and how the country’s seat belt knowledge is. In a Turkish study by Demirer, Durat 

and Haşimoğlub (2012) seat belt use was studied. It was found that factors which limited seat 

belt use is lack of habit, short distance driving and discomfort. A third of the participants in 

Demirer, Durat and Haşimoğlub’s (2012) study would use the seat belt if the discomfort 

issue was solved. The knowledge about how the occupant in automotive perceived comfort 

and where the discomfort appears is limited. A three-point seat belt in the front seat is 

estimated to reduce the probability of fatality in a crash with 45% and serious injuries by 60% 

(Demirer, Durat & Haşimoğlub, 2012) if the discomfort is decreased more occupants may 

use the seat belt. 
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1.2 Problem description  

Autoliv’s knowledge regarding how an installment of a three-point seat belt in the front seat 

might influence the customer perceived experience of the belt is limited. To be able to move 

the seat belt and meet the customers’ demands, this knowledge need to increase. 

1.3 Objectives 

The objective of this thesis work is to increase Autoliv’s knowledge regarding how the 

occupant’s experience is influenced by changing the installation point from B-pillar to the 

seat. The objective is to answer the following questions: 

 How does the occupant’s size and mobility affect his/ her ability to reach the seat 

belt when mounted in seat?  

 How the occupant’s size affects the perceived comfort when the backrest has an 

angle of 20 and 45 degrees respectively. 

From this knowledge suggestions of an optimal position of a three-point belt in seat will be 

proposed, from a customer perspective. 

1.4 Limitations 

This thesis is an analysis of seat belt installations in a future car. The suggestion of a new 

outlet position has been elaborated and presented from a user’s perspective. In the study a 

three-point seat belt is used, but only the upper part of the seat belt is considered in the 

study, not the lap part of the belt. The cost for installation of the system has not been 

considered nor the feasibility or the safety performance of the belt. Neither has the perceived 

customer experience when entering and exiting the car, or the seat belt’s retraction 

performance been studied.  

The thesis’ study is limited to only include test subjects within the company, because of 

confidentiality. 
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2 Inclusive design 

Every design decision taken for a product may entail a potential exclusion or inclusion of 

customers (Waller et al., 2013). Inclusive design confirms the need to understand the user 

diversity when such decisions are to be taken, to include as large a scale of customers as 

possible (Waller et al., 2013). User diversity includes several different aspects of variations of 

which variations in capability and human dimensions will be of main focus in this chapter.  

The British Standards Institute (2005) has specified inclusive design as follows:  

“The design of mainstream products and/or services that are accessible to, and usable by, as 

many people as reasonably possible ... without the need for special adaptation or specialized 

design.” 

2.1 Understanding user diversity 

In many organizations a polarized view of product development is employed. The view 

makes great difference between "regular" products aimed for fully capable users and 

products designed for the small percentage of customers with disabilities. Often completely 

separate departments of expertise are appointed to work with the development of products 

aimed at the disabled (Chamberlain et al., 2013). This should instead be implemented into 

the standardized process of product development.  

Companies with an approach focused at the disabled often concentrates on meeting a certain 

type of severe disability, such as blindness or wheelchair use, through special solutions. The 

creation of the threshold between the fully capable and the disabled often results in the 

overlooking of those with minor difficulties such as symptoms that occur with aging like 

hyperopia and arthritis. These minor disabilities may not be critical enough to reach the 

threshold and be defined as a disability but can cause great problems when a person with 

these difficulties interact with the product. (Waller et al., 2013) 

One way to challenge the polarized approach that allows the separation of fully capable and 

disabled is through Benktzon’s (1993) segmented pyramid. The pyramid represents the great 

variety of abilities that exist within a population. The bottom segment of the pyramid 

visualizes the people with no obstacles or disabilities in life and the degree of severity of 

difficulty increases the further up the pyramid the segments rises (Benktzon, 1993). The 

segmented pyramid is shown in Figure 1.  
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Figure 1. Bengtzon’s (1993) segmented pyramid. 

Another way to look at user diversity is to put it in a context where diversity is aimed at real-

world contexts such as different lifestyles, aspirations, gender or other preferences. The view 

can be further broadened to include different types of use such as in the working 

environment, at home or on vacation. (Benktzon, 1993) 

2.2 Anthropometry  

Anthropometry is the branch of the human sciences that considers measurements of the 

human body, including body size, shape, strength, agility, flexibility and ability to work. 

Anthropometry is a part of the area of physical ergonomics. The word comes from the Greek 

Antropos (humans) and metros (dimensions). (Pheasant, 2006) 

Humans vary in dimensions, proportions and form, and user-centered design requires an 

understanding of this variation. By applying anthropometry in a development process, it is 

possible to form a product in a controlled and systematic way to physically accommodate 

the intended user group. (Pheasant, 2006) 

2.2.1 Frequency distribution of a body dimension within a population  

By measuring a population, it is possible to estimate the statistical distribution of most 

anthropometric measurements with a normal distribution curve. Dimensions expressing the 

length of body parts are generally accepted to be approximated with a normal distribution. 

Dimensions which measures width, weight or depth are not typically scattered like normal 

distributions but are usually approximated by a normal distribution curve because of the 

simplification that the method implies. In Figure 2 probability (frequency of encounter) is 

plotted vertically against, for this example, the stature of British adult men. The curve in the 

diagram shows the frequency distribution of stature and is symmetrical about its highest 

point, which corresponds to the average stature. Since the curve is symmetrical about the 

average stature, 50% of the population are shorter than the average and 50% taller. (Pheasant, 

2006) 
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Figure 2. The frequency distribution for the stature of British adult men. 

In the distribution the average value is equal to the fiftieth percentile of the measure, normally 

shortened 50th %ile. Generally, n% of the population is shorter than the n:th %ile. Based on 

this, it is possible to define two points on the curve that corresponds to extreme values of 

the spectrum. At the left end of the curve there is a point equivalent to the 5th %ile where 

only 5% of all people are shorter than the certain stature. At equal distance from the average 

to the right in the graph is the point called the 95th %ile, only 5% of the population in the 

sample are taller than that. (Pheasant, 2006) 

Percentiles are only accurate to the population that it concerns. For example, the 95th %ile 

stature of the UK population may only be 70th %ile for a certain selected group of British 

students or maybe even the 5th %ile for another selection of people. Percentiles are also 

specific to the dimension that they regard. A person who is a specific percentile in sitting 

height does not usually belong to the same percentile in stature or any other body 

measurement since people differ in both shape and size. (Pheasant, 2006) 

To be able to visualize the normal distribution, two parameters need to be known. The first 

parameter is the average of the measured values expressing where on the horizontal axis the 

distribution is located. The second parameter is the standard deviation SD, which formulates 

the extent to which individual values are dispersed about or deviate from the average value. 

The standard deviation is given by Equation 2.1 where m is the mean value, x is the specific 

value for the individual concerned and n is the number of participants in the trial. (Pheasant, 

2006) 

SD = √
∑(𝑥−𝑚)2

𝑛−1
      (2.1) 
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2.2.2 Calculating percentile values for a body dimension 

If the mean and standard deviation of a distribution, which define a normal distribution, are 

known, each percentile can be calculated. The p:th percentile of a dimension X is given by 

Equation 2.2, where z is a constant that can be found in the statistical tables and dependent 

on the percentile to be calculated. Alternatively, the equation can be used to calculate the 

specific percentile value for a given body dimension by doing the percentile calculation in 

reverse. (Pheasant, 2006) 

𝑋𝑝 = 𝑚+ 𝑧 ∗ SD     (2.2) 

2.2.3 Differences between groups 

To make use of anthropometric data and allow it to represent the intended users of a product, 

a target group analysis is an important element. The target group analysis creates a detailed 

description of the intended users, and who they are. Based on the defined target group, it is 

then possible to determine which anthropometric databases and specific measures that will 

be relevant to take into account in the design of the product. (Pheasant, 2006)  

It is often possible to divide a target group into even smaller subgroups. This can be 

practically important if the target group is wide and caters to a large mass, such as the 

development of a passenger car. For most examples, it is almost necessary to take into 

account and be aware of the differences that may exist between different groups. (Pheasant, 

2006) 

2.3 Joint range of motion  

It is very important that when a product is designed, more variables than just differences in 

anthropometry is considered. Hussein et al. (2016) confirms this and points out that 

designing products or surroundings for the 5th to the 95th %ile anthropometry is an 

inadequate approach to achieve an integrated user design available to accommodate as wide 

a spectra of the population as possible. Further insights into the human variations are 

necessary to achieve design inclusiveness. 

Joint range of motion is one of the human variables that directly influence how a person can 

handle or act in different environments or interact with different products. As for 

anthropometry, joint range of motion can differ widely between people and there are several 

different factors that affect it. Some of the factors identified as having an impact on joint 

range of motion are professional and daily activities, ethnicity, gender and any disabilities 

(Hussein et al., 2016). But whether these actually have an impact on the range of motion are 

discussed by several researches, for example Stubbs et al. (1993), Chung and Wang (2009), 

Chaparro et al. (2000) and Hussein et al. (2016).  

The effect of age on joint range of motion has been studied in several contexts and by 

different researchers. Stubbs et al. (1993) conducted a study in which 23 different joint range 

of motions were measured for 55 men between 25 and 54 years, and showed that the joint 
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mobility decreased with age from 4% to 30%. In Chung and Wang's (2009) study gender was 

included as a potential factor to evaluate the joint range of motion of 1134 Taiwanese 

workers between the ages of 16 and 64. Through measurements of 28 different joint range 

of motions it was determined that joint mobility decreased with age. The largest reduction in 

mobility that the study were able to demonstrate was approximately 26%. The greatest 

differences in mobility that could be proven with increased age were found in the cervical 

spine and wrist. In addition, the study could also show that the female participants had 

greater mobility in the cervical spine and the joints of the limbs than the male participants. 

Conclusions like Chung and Wang’s (2009) have also been made by Chaparro et al. (2000) in 

whose study, women tended to have larger joint range of motions than men regarding the 

wrist. Common to both genders, the study showed that the general range of motion declined 

with age. Chaparro et al. (2009) also argues that a 90-year old individual can be expected to 

have a joint range of motion corresponding to about 60% of an average 30-year-old’s. Even 

in Hussein et al.’s (2016) study, a significant reduction in joint range of motion with age in 

the arm and wrist movements is shown. In addition, the study demonstrate that joint range 

of motion in the arm and wrist of wheelchair users or people with arthritis decrease 

significantly with age. 

Unlike the above presented studies, Doriot and Wang's (2006) study provide no significant 

evidence that age has an effect on the joint range of motion of the wrist. For the twelve other 

joints in the upper body that were included in the study, the results showed that age had a 

non-uniform and joint-specific effect on the joint range of motion. The effect of the gender 

on joint mobility was shown to have an even weaker correlation than age. The largest losses 

of range of motion with age were, however, found in the torso and neck. Doriot and Wang's 

(2006) study is conducted on a very small sample of test subjects, which could be one of the 

reasons why no clear relationship between the various parameters can be found. 

There are several studies in which researchers have tried to prove the difference in joint range 

of motion between dominant and non-dominant sides of the human body, but no significant 

variances have been found. In Stefanyshyn and Engsberg’s (1994) study, the aim was to 

determine if there were differences between the joint range of motion of the right and left 

ankles but no clear dissimilarities between the sides were possible to discern. The same results 

were obtained from Barnes et al.’s (2001) study where the difference between the joint range 

of motions of the dominant and non-dominant shoulder were compared. The differences 

that were detected by the study were merely motion-specific, for example if the arm was 

rotated outwards, and no overall differences in joint mobility between the shoulders were 

therefore possible to determine. In another study conducted by Macedo and Magee (2008) 

the joint range of motion was compared for 90 different women between the dominant and 

non-dominant side of the body for 60 different joints. 34 of the tested joints demonstrated 

results of statistical differences. However, the differences were so small that they were 

insignificant and insufficient to be able to make resonable conclusions. 
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2.4 Human range  

The human seated reach capability is of great importance for the design of the in-car 

environment. Especially for the placement of controls and other applications which the 

occupant might need to interact with while driving. Reach envelopes are often used to assist 

decisions regarding the interior design of vehicles to ensure reachability. The reach envelopes 

most frequently used in the automotive industry are those that conform to the J287 standard, 

which are presented in the Society of Automotive Engineers (SAE) data tables (Liu et al., 

2017). The tables consists of several parameters, for example dimensions of the car, the belt 

types and relationships between women and men in the target group (Society of Automotive 

Engineers, 2007). 

Several studies have been conducted on reach envelopes through which the envelopes are 

created by tests and statistical data. For example, Chaffee (1969) has described a method by 

which the percentile values of reach capability can be determined by establishing reach 

envelopes called ergospheres. In Chevalot and Wang’s (2004) study the arm motion of a 

person in a sitting position were studied to examine the effects of age and gender on the 

reach capability. Even perceived discomfort during the operating performance were included 

in the study. Based on the results of the study models to predict discomfort for different 

ranges were created. 

In few of the studies conducted for reach envelopes has the implied difficulty of the 

movement been included. According to Liu et al. (2017), both the reach capabilities and 

reach difficulties should be included consequently so that the design can be adapted to more 

variables than just anthropometry. The current SAE standard for reach envelopes includes 

no information about the user's reach difficulty (Liu et al., 2017), although the features of 

the car environment are located within a certain reach envelope, the movement can be 

perceived of different difficulty for different people. In Liu et al.’s (2017) studies of reach in 

the vehicular environment, the difficulty of the movement is therefore implemented as the 

main parameter in establishing the reach envelopes. The study investigates the sitting reach 

capability of 26 different subjects of varying gender and size with respect to the reach 

difficulty in the movement. 

There are two different types of reach envelopes, individual and population envelopes (Yu 

et al., 2017). Individual envelopes are specific to the person they relate to whereas population 

envelopes are the most common envelopes used in industrial applications as they include a 

larger proportion of the target group (Yu et al., 2017). Reach capability data for specific 

individuals is obtained by the test but it is often difficult to translate this data to meet the 

reach capabilities for an entire population as each individual prefers different sitting postures 

which also varies between the type of car and the cab environment (Yu et al., 2017). It has 

therefore been desirable to find a model by which individual reach capability data can be 

reproduced in population size, which is the other main objective of Liu et al.’s (2017) study. 

In order to create a basis for the modeling in Liu et al.’s (2017) study, the reach capabilities 

of the various individuals were initially measured as they sat in a seat dummy with the seat in 
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a fixed position. The test setup used only a lap belt. Each test subjects was asked to reach for 

a certain target to touch or come as close as possible and then estimate the difficulty of the 

movement on a scale from one to eleven where one corresponded to very easy and ten to 

extremely difficult. Eleven corresponded to the target being unreachable for the individual. 

For each target point, how close to the target the individual had reached, the reach capability 

radius (RCR), was then recorded. The registered reach capabilities were then described in a 

spherical space of coordinates where all positions were measured relative to the Seat 

reference point in the coordinates of the target distance, r, zenith angle, φ, and the azimuth 

angle θ, see Figure 3. The same test procedure was then used for an adjustable seat where 

the positioning of the seat were possible to adjust forwards or backwards in the direction of 

travel. 

 

Figure 3. The coordinate system of Liu et al.’s (2017) study. 

Liu et al (2017) argued that the RCR was affected by the reach difficulty, the human body 

size and the reach angle and all test subjects were therefore measured according to the 

anthropometric measurements stature, weight and sitting height. The relationship between 

the presented factors and the resulting RCR in Liu et al.’s (2017) study are presented in Table 

1. The table shows that the reach difficulty had a great impact on the RCR for both women 

and men with a correlation coefficient of 0.7 at the p <0.01 level. Nevertheless did the 

azimuth angle have a strong impact for both genders whereas the effect of the zenith angle 

was found to be slightly lower, but still not negligible. The only one of the anthropometric 

measurements that showed any effect on the RCR was stature, although the impact was low. 

Table 1. The relationship between the presumed factors and the resulting RCR from Liu et al.’s (2017) study for 
males and females. 

  Difficulty Stature 
Sitting 
height 

BMI Zenith angle φ Azimuth angle θ 

RCR (Male) 0.786 0.100 0.023 -0.032 0.204 -0.511 

RCR Female 0.739 0.083 0.056 0.051 0.216 0.527 
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When studying the resulting, measured values of RCR and associated difficulties from Liu et 

al.’s study, the female test subjects tended to, at the fixed seat, have a lower RCR than the 

male. The average gap between the female and male RCR values in the study also increased 

with the intensification in severity. With the adjustable seat, females had a longer average 

RCR than males for difficulty levels five and below. The results of Liu et al.’s (2017) study 

are visualized in Figure 4. 

 

Figure 4. Average RCR of the male and female test subjects with the fixed and adjustable seat in Liu et al.’s (2017) 
study. 
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3 Seat belt applications 

The first patent for seat belts that, was intended for protecting of the occupant, is from 1885. 

But in the first half of the 1900’s, seat belts were mostly used in airplanes. Not until about 

1950, seat belts started to be used more frequently in cars. (Allt om vetenskap, 2015) Autoliv 

launched their first two-point seat belt in 1956 and developed the first a seat belt retractor in 

1967 (Autoliv, n.d. a). 

Seat belts are designed to control forward displacement of the occupant during a deceleration 

or in a crash by absorbing the occupant’s motion energy and controlling the occupant’s 

advance (Autoliv, n.d. c). 

3.1.1 Seat belt positioning 

For a seat belt to fit well and protect the occupant in the event of a crash, the webbing shall 

lie against the shoulder, as close to the neck as possible without touching the neck. If the 

seat belt touches the neck, the discomfort will increase. For an optimal positioning of the 

belt, the webbing shall lie over skeletal structures that can handle relatively high impact forces 

without any damages. In Figure 5 is an optimal positioning of a three-point seat belt shown. 

The highest anchor point, the outlet for the webbing, should be positioned over or at the 

occupant’s shoulder. If the outlet is placed below the shoulder, unnecessarily downward 

forces are applied to the occupant’s shoulder and spine. The outlet should also preferably be 

located as close to the neck as possible to avoid unnecessary displacements of the occupant’s 

head and torso. (Reed et al., 2009) 

 

Figure 5. Preferred seat belt positioning of a three-point seat belt. 

The lap part of the belt should be laying against the occupant’s hip, preferably in front of the 

hipbones. If the lap belt is located above the hip bones up, against the abdomen, the hip risk 

sliding under the belt during a hard breaking or in the event of a crash. This is also known 

as submarining and could cause severe damages to the soft parts of the abdomen. 

Submarining does more harm to the occupant than protecting it. (Reed et al., 2009) 
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3.1.2  Legal requirements 

Depending on the intended market of the car, different regulations and legal requirements 

control the positioning of a three-point safety belt installment. For the European market 

there are the United Nations regulations, whereas the Federal motor vehicle safety standards 

and regulations applies to the US market.  

The United Nations regulation number 14 (2012) includes requirements regarding the 

locations of the anchor points of a three-point seat belt system. Section 5.4.1.1 in the United 

Nations regulation number 14 supplement 7 (2017) states that the seat belt’s upper anchor 

position can be located either in the seat, car structure or anywhere else between the seat and 

the structure of the car. Section 5.4.3.4 in the same regulation states the minimum distance 

in y direction between a vertical plan passing throw the seat reference point and the upper 

anchor point, as shown in Figure 6. The seat reference point is a design point that are 

determined by the car manufacturers (United Nations regulation number 14, 2012). The 

distance is not allowed to be shorter than 140 mm. The regulations states further the 

minimum allowed distance from the seat reference point to the upper anchor point to be 

450 mm in z direction. This distance is shown in Figure 6. 

 

Figure 6. Minimum distance in z and y direction for upper anchor point. 

Within the United Nations regulation number 14 (2012) is also stated that the H-point of the 

test dummy needs to be positioned within a square of 50 mm from the seat referent point, 

as shown in Figure 7. The H-point represents the pivot center of the torso and thigh in the 

centerline if the test dummy (United Nations regulation number 14, supplement 7, 2017) 
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Figure 7. Allowed locations for the test dummy’s H-point within a 50x50 mm square where the seat reference point is 
the center. 

For the US market, the Federal motor vehicle safety standard number 209 (2011) includes 

the requirements of seat belt assemblies. In paragraph S4.3.2 is the references that restricts 

the placement of the upper anchor point for the belt. The requirement is based on the 

inclination of the seat and indicates a distance from the seat reference point from which 

various angles creates the permitted are within which the upper anchor point is allowed to 

be placed. This is clarified in Figure 8. 

 

Figure 8. Permitted area of placement of the upper anchor point according to the Federal motor vehicle safety standard 
number 209 (2011). 

In paragraph S4.3 (Federal motor vehicle safety standard number 209, 2011) it is stated that 

the retraction force from the seat belt against the occupant’s pelvis and upper torso in the 

event of a crash, is not allowed to be under 1 N and not over 7 N.  
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4 Comfort 

The end-user perceived comfort has developed into one of the most important factors that 

influence a purchase, and manufacturers acknowledge that comfort is one of their main 

selling points because it has such a large impact on the purchase decision. (De Looze et al., 

2003). 

This chapter begins with an explanation of the concept of comfort followed by a presentation 

of a method used to measure and define comfort. Another commonly used method to 

evaluate comfort are “Body part discomfort charts”, these are explained in Appendix A. In 

addition to the methods presented there are several other methods to measure discomfort. 

The methods presented are, however, considered to be the relevant for this thesis. 

4.1 What is comfort? 

Merriam-Webster's dictionary (2017) defines comfort as a sense of ease from grief and 

trouble, and The Oxford Dictionary of English (2017) defines the word as a state of physical 

ease and freedom from pain or duress. The Swedish Academy's dictionary (2015) defines the 

word as a sense of convenience and pleasantness. Something that becomes clear from the 

dictionaries determinations is that comfort is a condition that affects the relationship 

between man and its environment. This is evidenced by Richards (1980), who means that 

comfort is a condition in which a person can be in causing a subjective sense of well-being 

as a reaction to the environment, surrounding area or the situation.  

Generally the definition of comfort is highly fragmented and its meaning may vary in 

different contexts. The debate concerning the definition of the state of comfort is an ongoing 

context in the literature (De Looze et al., 2003) but something that is clear is that: 

1. Comfort is a construction of the subjectively-defined personal character. 

2. Comfort is affected by a number of factors, such as physical, physiological or 

psychological factors. 

3. Comfort is a reaction to human surroundings. 

The remaining discussion in the literature are focused on the difference between comfort 

and discomfort (Richards, 1980, Leuder, 1983, Helander and Zhang, 1997; Zhang et al., 

1996). Several researchers distinguish between the two discrete states “presence” and 

“absence” of comfort (De Looze et al., 2003). In this context, comfort is defined as the 

absence of discomfort and vice versa. Contrary to the idea of the two discrete states, several 

researchers believe that the comfort and discomfort are two opposite poles on a continuous 

scale extending from extreme discomfort through a neutral state to extreme comfort (De 

Looze et al., 2003). This approach is based on Richards (1980) view that people frequently 

face the challenge of putting subjective responses in relation to each other on a continuous 

line between extremely negative to extremely positive. 
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Other researchers question the continuous line for the assessment of comfort and discomfort 

(De Looze et al., 2003), and say that the two states are completely independent and are 

affected by different variables, which Zhang et al (1996) tried to demonstrate in their study. 

This study started with a survey in which 104 respondents in an office workplace were asked 

to make accounts for different emotions that usually appeared when they felt comfortable or 

not. To validate and evaluate these descriptions, a new group of participants were told to rate 

the depictions on a five-point scale from "strongly tied to comfort/ discomfort" to "not 

related to any of the conditions". After the evaluation of the office workers descriptions, 21 

descriptions strongly associated with discomfort and 22 descriptions strongly related to 

comfort remained. Secondly, a classification analysis was performed to identify the factors 

related to comfort and discomfort in a statistically accurate way. It was found that both states 

were dependent on totally independent factors. The emotions that proved to be 

representative of discomfort was unpleasant sensations such as pain, fatigue, soreness and 

numbness in the body. Comfort, on the other hand, was associated with feelings of relaxation 

and well-being. 

In a study similar to Zhang et al.’s (1996) Helander and Zhang (1997) confirmed the 

independence between the influencing factors of comfort and discomfort and that they 

should be treated as separate. Furthermore, the researchers were able to confirm that 

discomfort has a dominant effect and comfort factors become secondary when discomfort 

factors are present. 

4.2 Comfort evaluations in the automotive industry 

In the automotive industry today, the occupant perceived seat comfort has developed from 

being just a luxury to a requirement (Sammons et al., 2017). General seating comfort is 

presumed to be affected by the combination of the static and dynamic factors seat stiffness 

and vibration amplitude (Ebe & Griffin, 2000). Vibrations in the car are almost always 

present and are factors that often contribute to a feeling of discomfort, and the occupant's 

subjective experience of the seat is therefore assumed to be discomfortable rather than 

comfortable (Ebe & Griffin, 2000). This is why discomfort is the condition often taken into 

account during seat development (Ebe & Griffin, 2000). 

There are several different methods to evaluate and measure discomfort in the automotive 

industry implying varying degrees of success to quantified state (De Looze et al., 2003). Two 

techniques commonly used to analyze discomfort is subjective assessments of the feelings 

stated by a test subject or mechanical analyzes of various degrees of acceleration of certain 

points in the vehicle (Falou et al., 2003). Subjective methods can be considered as the most 

direct methods to apply since comfort and discomfort are subjective states or feelings 

(Richards, 1980). Objective methods for evaluating discomfort such as pressure distribution 

measurements have many advantages compared to the subjective as they are less time 

consuming, requiring a small number of test subjects, are less likely to cause measurement 

errors or bias and can be applied early in the development process (De Looze et al., 2003). 
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However, objective measurements are indirect methods since they measure something other 

than discomfort, such as pressure distribution on the body. Only if the objective 

measurement can be shown to meet a subjective measurement, it is possible to use it to 

evaluate discomfort (De Looze et al., 2003). The validity of subjective measurements have 

been questioned because they are based on the test subject being able to correctly analyze 

and express the levels of their feelings whereas a variety of external factors can affect the 

subject's choice (Hermann & Bubb, 2007). In several cases, however, subjective 

measurements of discomfort have shown to correspond better with the seat statistical 

constitutions than indirect, objective and mechanical measurements (Falou et al., 2003). 

4.2.1 Category-ratio (CR) scaling 

It has for a long time been of interest to study the relationship between physical stimulus (S) 

and the experience magnitude (R) and the need to scale experiences in areas such as 

psychology, medicine, ergonomics and sports is big (Borg & Borg, 2002). In order to create 

a scale for several different types of assessments of intensity, researchers began to develop 

ratio scales with verbal anchors (Borg & Borg, 2002). The main purpose of the use of verbally 

anchored relative scales, the Category-rating (CR) scales, is that the verbally descripted 

anchors can be placed in such positions at the scale that they are consistent with the meaning 

of the adjacent digits (Borg & Borg , 2002). Stevens (1971) has described the importance of 

letting people use numbered scales without limitations or cognitive restrictions to achieve 

the correct ratio scaling. Borg & Borg (2002), however, have through experiments proved 

that the verbal anchors rather facilitate the human interpretation of the scale. 

One of the most famous CR scales are CR10 scale (Borg & Borg, 2002). The scale extends 

from zero to twenty and includes the subjective conditions "extremely weak" to "extremely 

strong". Sometimes, however, scales of larger range could be of greater use and for these 

reasons, a new version of the scale was created, the CR100 scale, to cover naturally larger 

measuring ranges. In the finished version of the CR100 scale a "maximum" and "minimum" 

level were added to expand the number of verbal descriptions of the scale, placed at zero 

and one hundred. An absolute maximum was also positioned at a point above the maximum 

value of one hundred to avoid a "ceiling effect" where it is impossible to perceive the 

differences between the intensities. To further facilitate the human understanding of the 

different levels of intensity, triangles with different shapes and blackness were added to the 

scale in positions consistent with the scale numbering. The final scale are shown in Figure 9, 

a. 
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Figure 9. a) The original version of Borg and Borg’s (2002) CR100 scale. b) The adapted scale used in Mansfield et 
al. (2015) and Sammons et al. (2017). 

In Mansfield et al.’s (2015) study of seat discomfort the extent to which the driver's 

experience of discomfort is affected by vibration stops or starts was compared. Further it 

was desired to discover whether the subjective methods implemented to register the test 

subjects’ perceived discomfort was sensitive enough to detect small changes in the 

composition of the seat. After each test cycle the test subjects graded their perceived 

discomfort for both specific body parts of interest to the study and their overall perceived 

comfort. To register the overall feeling of discomfort, a customized version of the Borg and 

Borg (2002) CR100 scale were used, which is shown in Figure 9, b. Before the overall 

discomfort was registered, the test subject was asked to mark specific discomfort on a body 

map using a six point scale with verbal anchors taken from the ISO 2631-1 (1997) (Smith et 

al., 2015), a measurement method described Appendix A. Test subjects had been trained to 

use the scale before it was presented during the trial. The result of Mansfield et al.’s (2015) 

study showed clear differences in all respects of discomfort and the use of Borg and Borg’s 

(2002) adapted CR100 scale proved to be very successful. The reason to the successful use 

of the scale was considered to be the fact that the scale provides a broader spectrum of 

possible responses and allows finer changes in discomfort than other discomfort scales. 
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For the reasons that Mansfield et al.’s (2015) study was successfully, the same type of 

discomfort scales were used in Sammons, et al.’s. (2017) study of objective measures to 

evaluate discomfort during long intervals and their relationship with subjective discomfort 

measurements. At certain intervals during a 140-minute study in a driving simulator the 

discomfort scales were presented for the test subject. Test subjects registered scattered 

assessments of discomfort during the study, which was assumed to be a result of people 

being various sensitive to discomfort and exposure to external factors or that the various test 

subjects may have interpreted the scale in different ways (Sammons et al., 2017). All test 

subjects showed an increase of discomfort during the test.  
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5 Scientific methodology 

In the following chapter the methodology chosen for the thesis work will be described. 

Initially, the research design and research strategy of the work will be defined, where research 

design is the framework for the generation of empirical data, while the research strategy aims 

at the methods used to generate the empirical data. (Bryman, 2008) 

To tackle and find solutions to the problem a study in which structured interviews combined 

with surveys were practiced as the main method. Alternatively, the same effect could have 

been achieved through focus groups or group interviews. The purpose of a group interview, 

however, is to study how the participants' relationships and opinions influence each other 

(Kylén, 2004), which was irrelevant for this work where the individual's own view was of 

greatest interest. 

5.1 Cross-sectional research design  

What distinguishes cross-sectional design and survey design is the specific methodologies 

that they utilize. Survey design is often synonymous with surveys and interviews, while a 

cross-sectional design implements additional methods, including structured observations, 

content analysis and diaries. (Bryman, 2008) 

The definition of a cross-sectional design (Bryman, 2008) is that information is collected 

from one or more cases, at a given time. The aim of the cross-sectional design is to achieve 

a set of quantitative and/ or qualitative data relating to two or more variables. The results 

are then examined to detect patterns or correlations between the variables. (Bryman, 2008) 

Bryman’s (2008) definition of a cross-sectional design reveals several key notions that will be 

further explained and clarified below:  

 More than one case. A case may comprise for example a particular part of a society, a 

special school, a certain organization or certain parts of a population. By treating 

more cases prerequisites for variation are created. The likelihood of variation 

between the current variables increases with the number of cases, as well as the 

possibility to make more precise distinctions between the cases. (Bryman, 2008) 

 A specific time. Through a cross-sectional design information regarding the variables 

of interest are gathered more or less simultaneously. This occurs, for example, when 

an individual in the study give answers to questions in a survey consisting of multiple 

variables. The answers are given practically at the same time. This separates cross-

sectional studies from experimental where an individual in the experiment are studied 

at numerous occasions over time. (Bryman, 2008) 

 Qualitative and quantitative data. Through a cross-sectional design, it is possible to 

combine both qualitative and quantitative methods of data collection. For example, 

the data collection might be carried out through structured observations at a specific 
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time and through qualitative analysis of documents showing information relating to 

a particular time period. (Denscombe, 2014) 

 Correlation patterns. A cross-sectional design only allows comparison of relationships 

between variables. Because the information is collected more or less at the same time 

there is no temporal relationship between the variables, i.e. whether the variables 

have a causal relationship. (Denscombe, 2014) 

5.2 Qualitative and quantitative research strategies 

Within the social science research there are two main strategies - qualitative and quantitative 

(Olsson & Sörensen, 2007). Quantitative research is considered an approach that emphasizes 

quantification in the collection and analysis of data, while the qualitative approach usually 

focuses on words instead of quantification (Bryman, 2008). The strategies have two different 

starting points, the deductive and inductive approach to the relationship between theory and 

practical research (Olsson & Sörensen, 2007). The deductive approach aims to test different 

theories while the inductive approach puts emphasis on generating theories (Bryman, 2008). 

Qualitative strategies aims at methods that provide descriptive data where peoples own 

written or spoken words and observed behaviors are the basis. The uniqueness of the strategy 

lies in its desire to portray something, i.e. examine how the phenomenon is constituted. 

Quality is a character or characteristic of something, while quantity is the amount of this 

character or trait. The core of the quantitative approach is therefore to search categories, 

descriptions or models that best describe a phenomenon or context. (Olsson & Sörensen, 

2007) 

This thesis work used both quantitative and qualitative methods. Quantitative methods used 

were structured interviews and survey, while qualitative methods were used to, for example, 

study literature. 

5.3 Methods for information gathering  

The choice of method for a study is dependent on several factors. The choice should 

preferably be based on the purpose, the problems and the boundaries prescribed for the 

work. It is important that the problem governs the choice of method and not vice versa. The 

choice of method is often limited by the accessibility, skills and experiences of those who 

intend to collect the information. (Kylén, 2004) 

In addition to selecting proper methods for a study it is also important to choose the right 

kind of source for information gathering, to achieve high reliability. A distinction is made 

between primary and secondary data. Primary data is data created by the person who carried 

out the study, or have been a part of it, and is a primary source. Primary sources are generally 

considered to comprise a higher degree of reliability than the secondary sources, by which 

information is reproduced from the primary data. The author of secondary information has 
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not himself conducted or participated in the study which the data secondary data concerns. 

(Kylén, 2004) 

For the thesis, primary data was collected from interviews, surveys, observations and 

benchmarking while secondary information was obtained from literature and scientific 

articles. The following sub-chapters presents the methods used more profoundly. During the 

study in this thesis, the methods interview, survey and observations were combined. This 

configuration will be clarified in Chapter 7. 

5.3.1 Literature study 

In this thesis work literature studies were used to find information regarding what has been 

done previously on the subject but also to lay the foundation to the methods used to solve 

the defined problem. Extensive searches in databases for scientific articles concerning 

comfort studies were done to find out how comfort studies previously has been conducted 

and their results. US and European laws and regulations have been used to, in the theoretical 

chapter, describe belt use, construction and the regulations that limit alternative placements 

of the belt in today's vehicular environment. Literature that was relevant to the work has 

addressed topics such as product development, statistics and scientific methods of social 

science research. 

5.3.2 Benchmarking 

Benchmarking is a method by which existing products with functionality similar to the 

product that will be developed is studied. The method can discover existing concepts that 

solves the problems that are the focus of the product under development, as well as reveal 

the competing products' strengths and weaknesses. Benchmarking can in many aspects be 

critical to the successful positioning of a new product on the market and act as a good source 

for ideas for product development. (Ulrich & Eppinger, 2012) 

Benchmarking was a fruitful method to study existing belt in seat installations. This work 

was done initially in the thesis work, in parallel with the literature study, to lay the foundation 

for the study. 

5.3.3 Interview 

The easiest way to get information on how a person perceives or feels about a certain fact is 

to ask questions (Lantz, 2007). Interviews are commonly used in several different contexts 

in both the social world and science (Bryman, 2008). All these interviews reveals several 

common features (Bryman, 2008). For example, they all include some form of information 

exchange between the interview partners, and there are always rules governing the formal 

level of the conversation and the practical implementation of it (Bryman, 2008). 

When characterizing an interview the factors standardization and structuring are used. A 

standardized interview is well planned and the interviewer has no ability to vary the setup 

between respondents. The questions are given in exactly the same order and in exactly the 
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same way for each interview in order to reduce the interviewer's influence on the interview. 

At high level of standardization the possible answers are also predetermined. At a high level 

of structure the questions are formulated to reduce the potential of misunderstanding by the 

respondent when at low degree of structuring the question is left free for any possible 

interpretation by the respondent. (Olsson & Sörensen, 2007) 

Interviews are often important methods when gathering information of both quantitative 

and qualitative approaches. Using cross-sectional research designs the structured interview 

is often an important moment, even for this thesis work. With a structured interview, it is 

possible to compile the respondents' answers in a comparable way, since everyone has been 

interviewed according to the same predetermined schedule of questions. (Bryman, 2008) 

There are several possible sources of error that may occur during an interview that can 

influence both reliability and validity of the result. Bryman (2008) has identified the following 

sources of error: 

1. The questions are not stated clearly. 

2. The interviewer's tone varies between interviews and questions. 

3. The respondent misunderstands the question. 

4. Respondent remember incorrectly. 

5. The interviewer registers wrong information. 

6. The information from the interview are processed and coded incorrectly. 

5.3.4 Survey 

A survey is an inquiry consisting of one or more questions directed to multiple recipients. 

The questionnaire can be designed and distributed in several ways but by paper or internet 

are the most common ways. A survey can be answered either individually or in groups. 

(Kylén, 2004) 

The thesis work used a questionnaire as a supplement to the interview conducted during the 

study. The questionnaire contained bound questions in the form of scales where the test 

person was asked to answer how discomfortable he/ she experienced the specific test setup 

concerning the body parts shoulder, neck and chest. 

Questions with bound answers are easier for respondents to give answers to and simple for 

the test administrator to analyze. Both questions and answers can with simplicity be 

translated into several languages, which increases usability. Translating a question into 

another language implies strict requirements that the translation must be adequate in order 

to enable accurate comparisons of the answers. When the response options to a question are 

placed on a scale, it is of utmost importance to have the scale steps at equal distances to 

avoid having misleading options. (Kylén, 2004) 
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5.3.5 Observations 

Observation is an essential method to apply to describe what takes place in a specific context. 

The definition of an observation is an extremely broad term for data collection and all forms 

of data collections are based on observations. By reading it is possible to find out information 

that someone else have perceived and noted and in an interview or a survey, the respondent 

is asked to account for things that he or she has experienced and thus renders his or her 

observations. (Kylén, 2004) 

A person can recognize and register for events, behaviors, words, frequencies and flows but 

observations are limited to the extent that they cannot describe what happens. However, 

observers can use their knowledge and experience to understand the relationships that the 

observation show, or compare the behaviors with desirable scenarios. Observers might also 

give the observation itself a limitation based on their personal preferences and thereby only 

take notes of and report things of interest to him or her. People that have observed the same 

event often describes the situation differently since each person looks at a situation with their 

own eyes and prerequisites. (Kylén, 2004) 

An observation is classified by the degree of subjectivity and Kylén (2004) differentiate 

between unstructured and structured observations. All forms of human observations are 

subjective and by making observations more structured, it is possible to reduce the degree of 

subjectivity. In a highly unstructured interview, only things of interest to the observer are 

noted, for example through diary entries and reports from sports events. As soon as the 

collected material or method for which the observation is performed is some kind of order, 

the degree of structure increases. The highest degree of structure is thus achieved by, for 

example, noting the number of participants, their age and gender at the sports event. (Kylén, 

2004) 

Depending on the purpose of the observation, both unstructured and structured approach 

could be considered. A structured observation facilitates material compilation and processing 

and provides reliable information, while a less structured observation leaves room for the 

registration of interesting and unexpected phenomena. (Kylén, 2004) 

During the study of this thesis work, unstructured observations were used to record valuable 

information shared by the test subjects in addition to the questions that were given during 

the interviews and in the questionnaires. The information noted during the observations 

concerned for instance the seat design or the subject's attitude to the belt system or vehicle 

safety in general. The observations were very useful in the analysis of the results of the study 

and in the conclusions and recommendations chapters of the report, to bringing important 

aspects of customers along for further studies. 



User perceptions of belt in seat installations 

 24 

5.4 Reliability and validity 

The reliability of a cross-sectional study is dependent on several parameters, including the 

reliability of the implementation of the study, the participants and the final result. 

(Denscombe, 2014). 

Validity is the estimated value of the data obtained. How useful and relevant is it to solve the 

specified problem? Validity is measured by the influence of information on decisions and 

effects for the work. The validity may be studied comparing present results with future 

outcomes. Little difference between them demonstrates high validity. (Kylén, 2004) 

How reliable and truthful data is indicates its reliability. Kylén (2004) argues that the concept 

of truthfulness merely a relative term. Information may be true from a certain person’s 

perspective or true from a factual perspective. Other characteristics of reliable information 

is that it is stable and does not change when external circumstances do. Reliable information 

is also homogeneous, i.e. information within a defined area correlates. The reliability of some 

information can be checked by repeatedly perform the same type of data collection to see 

whether the new results are consistent with the former. (Kylén, 2004) 
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6 Benchmarking 

The study of existing belt in seat applications was a rewarding part of the thesis’ work to 

obtain knowledge of factors that can influence the customer perceived comfort. The 

information and conclusions retrieved from the process of benchmarking existing 

applications will be described in the following sections. 

6.1 Existing car models applying belt in seat 

To get details of where outlet positions of existing installations of belt in seat are placed and 

how these are designed, contacts with spokespersons for a large variety of car brands was 

established. It was either confirmed by the customer support by filling in contact forms at 

the web-pages of the car brands, by email contact with customer support or by email contact 

with car dealers that the specific car model applied belt in seat. 

There are few manufacturers on the market today that uses belt in seat and the concept has 

come and gone over time. The contacts established with the car brands shows that the 

installation was more common during the late twentieth century until about 2006, then now. 

Of the contacts established, it was confirmed that only ten brands of new cars available in 

the market today use belt in seat. In Table 2 are the confirmed belt in seat installations applied 

in the past twenty years visualized, combined with associated car brand, the first year of 

release and if the installation is available in the current model.  

As the validity of information varies between the different kinds of sources contacted, there 

might be other car models applying belt in seat on the market today than those confirmed.  
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Table 2. Car models applying belt in seat and the earliest occurrence of the installation in the concerned car model. 

Car brand Car model 
BIS first appearing 

in the car model 
BIS available in current 

car model 

Ford B-Max 2012 √ 

F-150 2007 - 

Ferrari 612 Scaglietti 2004 - 

Tesla Model X 2015 √ 

Bentley Continental GT 2006 - 

BMW 6 series Uncertain √ 

Renault Traffic 2001 - 

Master 2001 √ 

Passenger 2001 - 

Hummer H2 SUV 2004 - 

Volkswagen 
 

Crafter Kombi 2006 √ 

Multivan 2003 √ 

Amarok Uncertain √ 

Rolls-Royce Dawn 2015 √ 

Rolls-Royce Wraith Uncertain √ 

Rolls-Royce Phantom Uncertain √ 

Opel Vivaro 2001 - 

Chevrolet Silverado 1999 - 

Saab 9-3 Convertible 2011 - 

 

Of the car brands that confirmed that they apply belt in seat in a current model, only six of 

the installations were placed in a separate seat, i.e. an own independent seat similar to a 

driver’s or a passenger’s seat in a car. Belt in seat is also a common belt installation type in 

the center back seat in passenger cars or in the center front seat in larger transport or family 

cars. As the study only concerns the driver’s seat in the car only one center back seat 

application was studied in a family car to get a reference for the placement of the outlet 

position in such a car. In addition to cars, belt in seat applications are also present in vehicles 

such as trucks, buses and campers, but since laws, rules and other circumstances are 

significantly different for these, they have been disregarded during this work. 

The six car models applying belt in seat in a current model, in a separate seat, was the Ford 

B-Max, the Tesla Model X, the BMW 6 series and the Rolls-Royce Dawn, Wraith and 

Phantom.  All of those cars, except from the Rolls-Royce models which were not available 

in the immediate area of Autoliv, together with the Volkswagen Amarok, which has a seat 

belt installation in the center back seat, were studied more closely by visiting the concerned 

car dealers. Figure 10 shows the belt installation in a Ford B-Max and a BMW type M6 Grand 

Coupe from the 6 series. Additional photos from these models and pictures of the two other 

cars are available in Appendix B. 
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During the visits to the car dealers the positioning of the belt outlet relative to a woman's H-

point, the hip ball, with corresponding sitting height of a 95th %ile, was measured. The 

inclination of the seat-back at each position was also noted to make the positioning of the 

belt outlet relative to the seat-back angle clear. The seat-back angle was measured using a 

digital angle measurement tool, which was placed at the front of the seat-back. The angle 

was measured relative to the horizontal plane. The seat in the Volkswagen Amarok was the 

only seat out of the benchmarked that was not possible to change the slope of, which is the 

reason why this measure is different from the others. 

All measurements taken during the visits to the various car dealers are given in Table 3. The 

measurements in Table 3 are taken according the global coordinate system used in the 

automotive industry were the x axis is steered towards the front of the car, in the driving the 

direction. The y axis was steered towards the left-hand side of the car and the z axis was 

steered vertical to the ground in an upward direction. The origin of the coordinate system 

was placed at the H-point of a 95th %ile woman’s sitting height. This coordinate system will 

repeatedly be referred to in the following report concerning dimensions. 

Table 3. Positioning of belt in seat outlets relative to the H-point of a 95th %ile woman’s sitting height and related 
seat-back angles of benchmarked car models. 

Car brand Car model 
X coordinate 

[mm] 
Y coordinate 

[mm] 
Z coordinate 

[mm] 
Seat-back 
angle [°] 

Ford B-Max 310 240 430 63 

BMW 6 series 410 210 380 66 

Volkswagen Amarok 340  340 76 

Tesla Model X 280 170 410 64 

Figure 10. The left figure shows the Ford B-Max belt in seat installation while the BMW M6 grand coupé 
installation is visualized to the right. 
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During the process of benchmarking existing solutions of belt in seat, several parameters 

that might affect the perceived comfort of the belt were noticed. The first parameter, which 

will be evaluated in this thesis, is the positioning of the belt outlet. This position controls the 

actual placement of the belt across the upper body, along with the design of the belt outlet, 

which is the second parameter that may have an impact on the perceived comfort. 

The outlet of the BMW’s belt was positioned relatively low and placed far back at a short 

distance in y direction with an angled outlet. This positioning meant that the diagonal part 

of the belt ended up very close to the neck during the test. The belt was therefore perceived 

as discomfortable since it "chafed against the neck". The same experience was found in the 

Tesla Model X and the Volkswagen Amarok. However, the outlet positions of the belts in 

these models differed quite significantly from the BMW’s where both outlets had a more 

horizontal design and was located on a higher and lower, respectively, distance in z direction. 

Both outlets were also placed at a shorter distance in y direction than the BMW’s. The Ford 

B-Max had the belt outlet positioned at the greatest distance in y direction, which made the 

belt end up further away from the neck than on the other models with a low degree of 

discomfort. 

A third parameter found during the benchmarking that might affect the perceived comfort, 

is the force by which the belt is retracted. Belts with high retraction forces were experienced 

as tightening and constraining, which increased the discomfort. Measuring the belt force 

involves a complicated process which advantageously is carried out in a laboratory 

environment. Therefore, it was is not possible to make precise measurements of the 

retraction forces of the specific belts during the benchmarking. The forces was instead 

estimated subjectively. Belts with high retraction forces were found in the Tesla Model X 

and the Volkswagen Amarok. 

Something that became clear during the benchmarking was also that the seat design had an 

effect on the perceived comfort. The Volkswagen Amarok had a relatively straight shaped 

seat with just a little dishing at the lumbar spine. Likewise was the Tesla’s seat relatively 

unshaped, except for a slight dishing at the lumbar spine. The horizontal part of these seats 

was not possible to change the positioning of, in comparison to the BMW’s seat having 

multiple settings for both the backrest and the horizontal seat. Because of the numerous 

adjustment possibilities of the BMW’s seat, it was possible to ignore the "chafing" of the belt 

against the neck, in relation to both the Volkswagen Amarok’s and Tesla Model X's straight 

seat designs where the “chafing” got the major focus. 

The experiences that the benchmarking gave was very rewarding for the future work of 

planning and execution of the study and, not least, during the analysis of the results where 

the conclusions presented above served as important references. 
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7 Comfort and mobility study 

To answer the issues specified in the objectives of this thesis, a two-part study in which both 

comfort, movement abilities and the test subjects’ behaviors regarding a three-point belt in 

seat was conducted. Mobility was added in the study as a complement to the issues stated in 

objectives. This since a belt in seat may be experienced as more restrictive to movements in 

the vehicular environment because of its close installment points, to the body. 

In the following chapter, the study design and execution will be described. 

7.1 Selection of test subjects  

To make some kind of selection during a study is almost always relevant. For it to be possible 

to draw conclusions from the results or generalize it, the selection must represent the 

population. If the selection is erroneous, it exhibits a distortion, bias, of the population from 

which the sample is made. (Bryman, 2008) 

There are three critical sources of bias: 

 A method that is neither random nor probabilistic is used. By using a random method for 

selection, it is possible to deviate from the human factor influence on the choice of 

people. With a randomized sampling method, each subject in a population has an 

equal chance of being selected for the study. (Bryman 2008) 

 The sampling frame is incomplete. A sampling frame symbolizes the list of subjects that 

are part of a population from which a sample is relevant. If the frame is not fully 

comprehensive, improperly formed or contains any other form of irregularity, a 

sample not representative of the population is obtained. This may occur even though 

the used sampling method is random or probabilistic. (Bryman, 2008) 

 Some subjects in the sample denies participation or are inaccessible. When the selected subjects 

in the sample do not participate in the study, dropping occurs. The dropping 

represents a loss of information that fails the study by the absent of the subject. 

(Bryman, 2008) 

There are several different kinds of methods to make a selection (Bryman, 2008) and the 

choice of subjects for the study of this thesis work was made through the method of 

convenience sampling. By convenience sampling, as the name suggests, subjects that are 

available under the certain circumstances that the study implies is chosen (Bryman, 2008). 

The selection is almost certainly not representative of the rest of the population but can still 

be very useful (Bryman, 2008). The selection represents neither a random nor a probabilistic 

method and therefore implies a particular form of bias that must be taken into account when 

analyzing the results (Bryman, 2008). This type of selection was applied since the work was 

limited to personnel available at Autoliv because of secrecy and confidentiality reasons.  
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7.1.1 Characters of the sample 

An email was sent out to all Autoliv employees to provide information about the study and 

that those who were interested in participating in the study were welcome to reply to the 

invitation. Originally, the idea was to limit the test participants to people with sitting heights 

corresponding to the 5th, 50th and 95th %ile men and women and those who reported 

interest in participating in the study were therefore measured to exclude test subjects not 

complying with one of the defined groups. The sitting height was chosen as a selection 

criterion for the test participants because it was the measure that was assumed to mainly 

restrict the location of the outlet position of the belt, from both a comfort and a safety 

perspective. By allowing people with sitting heights according to the selected %ile groups to 

participate in the study, people with varying sitting heights corresponding to averages and 

extreme values for the human population are included to influence the results. 

The values that defined the different groups were chosen by calculating the mean values and 

standard deviations for 5th, 50h and 95th %ile sitting heights of men and women of 

populations from eight different countries. Since the final product is intended to be used by 

people from around the world, all populations for which there were data available in Phesants 

(2008) tables were included in the calculation. In Table 4 are the values used to calculate the 

average values for each %ile group available. The final selection ranges of values for each 

group are then given in Table 5. 

Table 4. Sitting heights of eight different populations (Phesant, 2008). 

   Men (mm) Women (mm) 

Population 5th %ile 50th %ile 95th %ile 5th %ile 50th %ile 95th %ile 

British 850 910 965 795 850 910 

Swedish 830 900 970 805 860 915 

Dutch 885 940 995 820 875 930 

French 850 910 970 810 860 910 

Polish 830 885 940 770 825 880 

US 855 915 975 800 860 920 

Hong Kong Chinese 845 900 955 780 840 900 

Japanese 850 900 950 800 845 890 

 

Table 5. Average and range of values for the specific percentiles groups to be selected for the study. 

   Men (mm) Women (mm) 
 

5th %ile 50th %ile 95th %ile 5th %ile 50th %ile 95th %ile 

Average value 850 908 965 798 852 907 

Range of selection 833-865 893-923 945-981 783-813 838-866 892-922 
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Out of the 47 men and 32 women who reported their interest in participating in the study 

only one woman represented the average sitting height for a 5th %ile woman while none of 

the measured men's sitting heights corresponded to the values in the range defined for a 5th 

%ile men’s sitting height. The majority of the measured persons had sitting heights outside 

the defined ranges for participation in the study. It became clear how the sampling method 

chosen for the test was making it difficult to find a selection of test subjects that 

corresponded to the population. 

Instead of using the previously defined %ile groups, for which it was difficult to find subjects 

with sitting heights corresponding to the demanded, all 79 measured persons were allowed 

to participate in the test. To calculate the exact percentile of the population that each 

measured person's sitting height corresponds to is impossible since the population is an 

averaged calculated population. Instead, the participants were categorized according to Table 

6. 

Table 6. Final categorization of test subjects according to their measured sitting heights. 

  5th %ile 5th %ile<x 
<50th %ile 

50th %ile 50th %ile<x 
<95th %ile 

95th %ile >95th %ile 

Male  0 3 12 12 17 4 

Female 1 3 5 12 6 3 

 

Data according to the protocol in Table 7 were collected for each test subject. Stature and 

sitting height were measured according to Figure 11. Both age and BMI was calculated for 

all test subject to not exclude the possible impacts of those parameters on the results. In the 

column Size information was added regarding which of the categories mentioned above in 

Table 6 that the specific test subject falls within. For more detailed information about the 

test subjects, see Appendix C. 

Table 7. Template for registering of data regarding the test subjects. 

Subject 
no. 

Gender 
Stature 
(mm) 

Sitting height 
(mm) 

Size BMI Age 

1.       

2.       
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Figure 11. Models visualizing measuring of sitting height and stature. 

7.2 Test setup 

A major concern in designing a study is the cost and time that follows the establishment and 

execution of it. In situations where the cost of each test in the study is low, it is possible to 

perform a sufficient number of tests to enable investigation of several combinations of 

parameters and combinations of different levels of parameters. When the cost of a test is 

high, it is important to streamline the study using a test design that allows modification of 

several parameters or levels simultaneously. (Ulrich & Eppinger, 2012) 

A test design define how different parameters should be varied or combined in the study. 

Full factorial design is a test design that is appropriate to apply when the number of 

parameters are few and/ or when the cost of each test is low. The design involves a systematic 

examination of all combinations of parameters that may be present. This enables the 

identification of all the possible effects of interactions and correlations. (Ulrich & Eppinger, 

2012) 

The study performed during the thesis work was divided in two. The first part of the test 

was conducted in a seat mounted on a rig outside of the car environment where each test 

person got to try four different test configurations. Three parameters were varied for this 

test setup where the y and z direction were varied in three levels while the seat back angle 

was varied in two. The retraction force of the belt was held constant. To enable complete 

coverage of possible interactions, the full factorial test design was practiced. The possible 

configurations created a complete test matrix of eighteen configurations which were 

randomized for each test person.  

In the second part of the test, the test subject moved into the car where it was asked to reach 

for three points from the driver’s and passenger’s seat. The retraction force provided by the 
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different springs was alternated between the two seats, while the seat-back angle was held 

constant. Each test subject got to try all six configurations in the car. The order of the test 

configurations was again randomized for each test person. Altogether, each test person got 

to try ten different configurations, which were summarized in a test matrix. Table 8 shows 

an excerpt from the test matrix, see Appendix C for the complete matrix for all test subjects. 

Table 8. Excerpt from the full test matrix in Appendix C. 

  RIG Passenger’s seat  Driver's seat 

Test 
subject 

Config
. 1 

Config. 
2 

Config
. 3 

Config
. 4 

Config
. 5 

Config
. 6 

Config
. 7 

Config
. 8 

Config
. 9 

Config
. 10 

1 c7v2 c7v1 c9v1 c8v1 2 3 1 1 2 3 

2 c4v2 c9v1 c8v1 c6v1 1 3 2 3 2 1 

7.2.1 Test configurations of the comfort study 

The test configurations used in the first part of the study, where comfort was evaluated, 

consisted of a coordinate system built of nine different coordinates. These coordinates are 

defined by the movements of the pillar loop’s position in the seat’s z and y directions. Since 

the inclination of the seat back was varied between an upright position of 20°, relative to the 

vertical plane, and a reclined position of 45°, also in relation to the vertical plane, a total of 

18 different possible configurations was created for the comfort study. The configurations 

that defined the coordinate system was named c1-c9, dependent on its position. These are 

clarified in Figure 12 where c1 is the coordinate closest to the seat in both z and y direction. 

The distance between the three levels of coordinates is in the y direction 85 and 170 mm 

while the distance in the z direction are 45 and 90mm. These distances are all measured 

relative to coordinate c1. To clarify how the inclination of the coordinate system was changed 

with the seat back, see Figure 13. These two positions will in the continuing report be referred 

to as the upright and the relaxed position.  

The final name of each configuration used in the comfort study that are expressed in the test 

matrix in Appendix C was formed by combining the coordinate name to that of the upright 

position, v1 and the relaxed position, v2. The final configurations of the comfort study were 

named c1v1-c9v1 and c1v2-c9v2. 
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Figure 12. The positioning of the coordinates defining the coordinate system of possible coordinates in the comfort study. 

 

Figure 13. The relaxed and the upright position of the seatback and the coordinate system used to evaluate comfort in 
the study. The upright position includes the distance to the first coordinate of the system in the y and z directions. 
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To decide the placement of the coordinate system, relative to the seat, and the relative 

dimensions between the coordinates, guidance was received from a senior project 

engineering leader within the seat belt department at Autoliv1.The location of the coordinate 

system in relation to the H-point of a 95th %ile woman’s sitting height can be seen in Figure 

13 where the distance in the y and z directions are given. The measurements regards the first 

coordinate, c1, in the system.  The distance in x direction is -375mm.  

The coordinate’s c1, c2, c3, c4 c5 and c6’s positions are not located within the requirements 

of United Nations regulation number 14 supplement 7, in z direction and in the y direction, 

all coordinates are positioned further away from the plan going through the seat reference 

point, as shown in Section 3.1.2. 

7.2.2 Test configurations of the mobility study 

The configurations that constituted the mobility study consisted of six points marked in the 

car, three points for the passenger side and three points on the driver's side, all placed at the 

same distance from the each seat. All points represents an inwards motion in the car. Point 

one was supposed to represent a movement of opening the glove compartment, point two 

to picking up something from the floor in front of the opposite seat and point three to reach 

something in the back seat. These positions were chosen in consultation with the project’s 

supervisor2.  

The points were defined by a radius r, a zenith angle φ and an azimuth angle θ. In Table 9 is 

a compilation of these parameters shown for the three points of the mobility study. All 

measurements are taken relative to a woman’s H-point whose sitting height is equivalent to 

a 95th %ile’s. To clarify the parameters defining the points are illustrative pictures of the 

parameters shown in Figure 14, 15 and 16. 

Table 9. A summary of the parameters defining the three points of the mobility study. 

Point  Radius r (mm) Zenith angle φ (°) Azimuth angle θ (°) 

1 1128 81 -50 

2 1302 100 -49 

3 950 90 53 

 

                                                 
1 Peter Lundgren, dialog February 9  
2 Yogen Patel, dialog February 9 
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Figure 14. Relationships between the azimuth angles for the points of the mobility study. The points correspond to those 
test subjects had to reach for from the driver's side. 

 

Figure 15. Relationships between the radiuses for the points of the mobility study. The points correspond to those test 
subjects had to reach for from the driver's side. 
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Figure 16. Relationships between the zenith angles for the points of the mobility study. The points correspond to those 
test subjects had to reach for from the driver's side. 

To decide the fixed position of the pillar loop for the seats in the car, the same person as for 

the seat in the rig were used to receive guidance3. The location of the pillar loop in y and z 

direction relative to the H-point can be seen in Figure 17. The location of the loop in the x 

direction is -374 mm from the H-point.  In the rig and at the passenger side in the car, the 

same spring forces were used and for the driver’s side there was a lower spring force. The 

measured spring forces for the different springs are available in Appendix D. The spring 

force is the parameter that is making the webbing go back in the seat belt retractor. 

Depending on the force, the occupant may perceive different abilities to move around. The 

spring forces used in the study meets the legal requirements of the Federal motor vehicle 

safety standard number 209 (2011) described in Section 3.2.1. 

                                                 
3 Peter Lundgren, dialog February 9 
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Figure 17. The location of the fixed pillar loop used in the mobility study in y and z direction relative to the H-point. 
The x location is given in Section 7.2.2.  

7.2.3 Test environment 

The test environment consisted of the rig and the car. The rig was built using a driver’s seat 

placed on a movable platform. A plate was first welded to the back of the seat structure to 

create a basis for the belt fixture.  A Bosch profile was then welded to the plate in the vertical 

direction. Onto the vertical profile, a horizontal Bosch profile was then fastened, whose 

position was possible to change along the vertical profile by tightening and loosening a screw. 

A pillar loop was attached to the horizontal profile. It would correspond to the belt outlet 

position and its position, relative to the seat, would corresponded to the different 

configurations tested in the comfort study. By sliding the pillar loop in the horizontal 

direction along the profile, the y axis of the coordinate system was created. By then moving 

the entire horizontal profile along the vertical profile, movement in the z direction of the 

coordinate system was established. In Figure 18 multiple images of the rig are available that 

describes the design of the test environment for comfort study. 
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Figure 18. Descriptive pictures of the test environment for the comfort testing part of the study. 

For the car, two driver’s seats were used and modified, as in the rig. The seats in the car were 

both equipped with belts of reversed geometry. This means that both the driver and the 

passenger seat in the car used, compared to the traditional for these positions, a mirrored 

belt geometry where all the belt anchor points had been moved to the opposite side of the 

seat. The reason why the reverse geometry was used in the study was that there are virtually 

no conducted studies on occupants’ movability in a car for geometries like this. Moreover, if 

the belt attachment points are no longer bound to be mounted in the body of the car, a 

reverse geometry can assist the safety systems to deaccelerate an occupant’s inward motion 

in the car during a side impact, and was therefore of interest to Autoliv to evaluate. 

In Figure 19, 20 and 21 are three pictures showing parts of the test environment in the car 

available. In Figure 19, the two seats used in the car is shown. The seats in the figure are 

placed as they had been placed in the car if it had been seen from the front. Figure 20 shows 

the locations of the reaching targets one and two for the mobility test while Figure 21 shows 

the location of reaching targets 3. 

 

 

Figure 19. The seats mounted in the car used to evaluate reaching limitations with a reversed geometry belt in seat. 
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Figure 20. Reaching targets one and two in the mobility study. Reaching target two from the passenger side is hiding 
behind the wheel. 

 

Figure 21. Reaching targets three of the mobility study located in the backseat of the car. 

7.3 Scales 

Scales are highly useful elements to obtain assessments or degree of agreement in claims. A 

scale can be designed in several different ways, but the most important factor is that it is easy 

for the respondents to both understand the scale and mark their response on it. The scale 

should also make it easy to process and record the respondent's answers. The design of the 

scale differs between different models of scales but what constitutes the main assessment of 

the scale is what is written in its ends, these words are very important to the perceived 

emotional meaning of the scale. If the scale is only provided with words at its ends, the 

respondent is given a great freedom to answer while if the scale contains words at steps 

between the endpoints, the respondent is more controlled in its answers. However, words at 

steps in between the endpoints may assist the respondent to understand the meaning of the 

steps. When choosing words to the scale, it is important to avoid words that can be 



User perceptions of belt in seat installations 

 41 

interpreted differently by different people. For example, the word "quite" can get varying 

meanings depending on the reader. (Kylén, 2004) 

In terms of scale direction, i.e. whether the scale will go from positive to negative or in the 

opposite direction, Kylén (2004) means that there really is only one rule to consider, all scales 

in the same form shall have the same direction. The respondent should not have to think 

inversely. The survey tool Surveymonkey (n.d) aims, however, to the importance of 

unipolarity in the scale, i.e. it extends from "extremely" to "not at all" before "extremely one 

thing" to "extremely another thing". The use of a unipolar scales facilitates the respondent's 

reasoning when one end of the scale is the opposite of the other (Surveymonkey, n.d). 

For the selection of steps in the scale, the number of steps could be either even or odd. When 

choosing an odd number of steps, a middle value that might correspond to "I do not know" 

is obtained. An even number of steps, on the other hand, forces the respondent to choose 

side. Depending on the number of scale steps, the statistical sampling error gets larger or 

smaller. For seven, eight or nine steps, a statistical sampling error meaning that each selected 

number as well could have been a step lower or higher is obtained. Larger than that is the 

sampling error when the number of steps are ten or greater than ten. For it to be meaningful 

to calculate averages and dissemination, each scale step should also be equally long. This 

means that the step length between "quite good" and "very good" must be the same as 

"neither good nor bad" and "quite good" if these words are used next to each other on the 

scale. (Kylén, 2004) 

To evaluate the test subject’s perceived discomfort at the different configurations in the 

comfort study, the scale used in both Mansfield et al.'s (2015) and Sammons et al.'s (2917) 

studies of discomfort, which is presented in section 4.2.1, Figure 9, was chosen. This since it 

showed good results in Mansfield et al.'s study and has shown to give the respondent a large 

number of options for assessing their experience assisted by both verbal anchors and visual 

aids. 

7.3.1 The VAS scale 

There are two general kinds of scales to evaluate opinions and attitudes where distinction is 

made between ordinal scales that can be categorized from the lowest to the highest value, 

described above, and scales where continuous measurements of the variable concerned is 

made. An example of such a continuous scale is the VAS scale, where VAS means visual 

analog scale. The VAS scale is a tool that allows the translation of subjective experiences into 

objective assessments at, for example, measures of attitudes and pain, but also in many other 

contexts. With a VAS scale the respondent marks its response at a, usually, 100 mm long line 

where only the extremities are provided with verbal descriptions. The translation of the 

respondent's answer into an objective assessment is done by measuring the distance to the 

mark from any of the extremities. Since the scale usually is 100 mm long, it is possible to give 

the answer a value between 0 and 100. Sometimes VAS scales are provided with few scale 

steps to facilitate the respondent's interpretation of the scale. (Ejlertsson, 2014) 
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The VAS scale was used in the part of the study which was conducted in the car where test 

subjects were asked to reach for selected points in the car and then evaluate how they felt 

that the belt limited their movement. The scale ranged from "no limitation" to "very high 

degree of limitation" corresponding "I can perform the movement as I wish" and "I can not 

perform the movement". The scale was also fitted with a middle step corresponding to 

"acceptable limitation". The scale used in the second part of the study is available in Figure 

22. 

 

Figure 22. The scale used in the second part of the study were the test subject was asked to rate the degree of limitation 
by the belt during the movement in the car. 

The literature study presented in Section 2.4, has only been able to demonstrate one study in 

which the difficulty of movements in a car has been evaluated (Liu et al., 2017) and in this 

case, a simple scale graded from one to eleven was used. For this study, Liu et al.'s (2017) 

scale was considered to include too many scale steps for the subjects to make simple 

assessments of the movements and a VAS scale consisting of the only two scale steps were 

chosen instead. 

The entire questionnaire including all scales presented and used in the study is available in 

Appendix E. 

7.4 Observations 

One of the questions that is supposed to be answered by this thesis’ work is how the 

occupant's size and mobility affect its ability to reach a seat installed belt. To do this, the 

decision was taken to not deliberately for the test participants include it as a parameter in the 

study. The desire was rather to observe how the test participants acted around a belt which, 

for most of the users, would be completely new. The subjects handling of the belt was 

observed and only if the test subjects expressed comments regarding the belt or the 

installation, notes of these were made. This approach was applied in both parts of the study, 

both in the rig and in the car. 
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7.5 Execution of study 

When the test subjects arrived at the study, they were first asked to change into a t-shirt. This 

was done in order to let all test subjects have the same prerequisites to experience discomfort, 

because of their clothing. A sweater with a collar could, for example, prevent a belt from 

being perceived as uncomfortable against the neck. When the subjects had changed, they 

were told to sit down in the rig, where the first part of the study would be carried out. 

Information on the background and purpose of the study was first read to the subjects. The 

subjects were then given information about the different parts that the study contained and 

what was expected of them. The study's first part, the comfort tests, were then declared to 

the subjects. They would get to try four different configurations where either the backrests’ 

or the outlet of the belt’s position would be changed. After each configuration was set, they 

would be asked to take on the belt. For each test configuration the subjects would then get 

to consider how discomfortable they perceived the belt at their shoulder, neck and chest, by 

indicating the discomfort on three identical scales, one for each body part. The subject was 

completely free to set its response wherever it wanted to on the scale. The scales that were 

used to evaluate discomfort have been described in Section 7.3 and the questionnaire in 

which they were made available to the subjects during the study is to be seen in Appendix E. 

The subjects were asked to only base their assessment of discomfort on how they 

experienced the current situation, as they sat the rig. Not according to how the situation 

could have been experienced in a different scenario, such as in a car. The subjects would also 

be asked to declare why they perceived the belt as they did. These responses were noted in 

the interview form provided in Appendix F, where also the observations that were made for 

each test subject was registered. All information told to the test subjects before and during 

the study are also given in Appendix F.  

The reason why the three specified body parts were chosen for the study, for the subjects to 

evaluate the discomfort for, was because it was in those parts that discomfort was assumed 

to be present because of the upper part of the belt. The study was limited to not to consider 

the part of the belt that runs over the hip, as specified in limitations, since the perceived 

discomfort for this part of the belt was not considered to change according the belt outlet 

position, which together with the seat angle, were the parameters changed for the comfort 

study. The three body parts were shown on the test leader's body to concentrate the subject's 

thinking. 

For each configuration, the distance between the subject's sternum, the cavity at the bottom 

of the neck between the ends of the clavicles, and the middle of the belt, to determine the 

belt fit for each configuration. These measurements were also noted in the interview form. 

To facilitate the measurement, the subjects were asked to put a finger in the middle of the 

cavity. Figure 23 is showing how this measurement was taken. A picture was also taken from 

the front of each subject for analysis and comparisons of the configurations. 
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Figure 23. Visualization of the method used to measure belt fit. A ruler was used to measure the distance between the 
subjects’ sternum and the middle of the belt. 

When the subjects had evaluated the four configurations in the rig, they were asked to move 

to the car to sit down in the passenger seat, where the mobility study initially would be 

performed. Information about this part of the study and what was expected of them was 

then given to the subjects. The use of the new scale to evaluate the belt limitation was also 

explained and it was clarified that the subject was free to put it’s answer anywhere on the 

scale. These scales were also made available to the subjects through the questionnaire in 

Appendix E. For those who would not feel constrained by the belt during the movement, 

the question why would be asked. After the presentation of the scale, the three points that 

the subjects would reach for, from this side of the car, was shown and the subjects were 

instructed to reach as far forward against the point as possible and then to sit back in the 

seat again. The points representing the directions of the movements are described in Section 

7.2.2.  

The subjects were asked to, before the study began, move the seat forwards or backwards as 

they had been sitting comfortably in the passenger seat. The seat’s height or inclination of 

the backrest was not allowed to be changed. When subjects had put on the belt, the amount 

of ejected belt by each subject was measured to enable a calculation of the applied pressure 

by the belt against the subjects. This was done by then reading the ejected belt length on the 

measured retraction force curves available in Appendix D for the two types of springs used 

in the study. This length of the ejected belt was measured from the back of the seat where 

the distance between different marks made to the belt indicated the amount of ejected belt. 

In Figure 24 there is a picture showing how these measurements were taken. 
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Figure 24. Method of measuring the ejected length of the belt. 

When the subjects had performed and evaluated the movements against the three points 

from the passenger side, the study from that side was finished. Figure 25 shows a picture of 

how the movement against one of the points was could look for a test subject from the 

passenger side. Test subjects were then asked to move around the car and sit down in the 

driver's seat where they were asked to, just like for the passenger side, move the seat forwards 

or backwards, but as they had wanted to drive the car in this case. The seat’s height and 

inclination was again not allowed to be changed. The amount of ejected belt was not 

measured for this side, it was assumed to be as much as for the passenger side. The three 

points' positions for the driver side of the car was instructed and the same test procedure, as 

for the passenger side, was then applied to the driver side, where every the difficulty implied 

in each movement by the belt was evaluated on the scale in the questionnaire. After this, the 

test was completed and the test subjects were offered a cookie and coffee as an appreciation 

for their participation in the study.  
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Figure 25. Picture showing a subject reaching for point one from the passenger side of the car in the mobility study. 
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8 Results 

In the below following chapters, the results obtained from the two-part comfort and mobility 

study that was carried out to preserve the issues that in objectives has been specified for the 

thesis.  

The comfort study revealed several different assessments of the belt that contributed to 

discomfort, including the perception of the belt being too close to the neck or too far out on 

the shoulder. The discomfort did also prove to significantly impair when the seat was reclined 

to the relaxed state. Additionally showed the observations that a belt in seat was hard to reach 

for almost all subjects, especially at the coordinates close to the seat and in the relaxed 

position. The mobility study showed that more subjects felt limited by their own bodies in 

the movement than by the belt. In addition did the reversed belt geometry create large 

discomfort issues at the neck. 

The reporting of the results has been divided according to its concerned part of the study. 

At the end of this chapter the difficulties to reach the belt noticed in the study are presented. 

8.1 Assessments of discomfort 

To assess the test subjects perceived discomfort for each configuration in the study, the scale 

were divided into three different levels of discomfort, no/ low discomfort, medium 

discomfort and high discomfort. The three fields were provided with the colors green, yellow 

and red. Depending on where on the scale the subject's assessment of discomfort had been 

made, a color coordination of the response was thus possible to obtain. These colors were 

then combined and compared in various ways through the analysis of the results to find 

patterns or trends. The limit for no/ low discomfort was drawn at the value of eight on the 

scale while the limit for medium discomfort was set at 33. The division of the scale is shown 

in Figure 26. 
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Figure 26. Division of the scale used for assessments of perceived discomfort according to little/ no discomfort, medium 
discomfort and high discomfort. 

The results of the comfort study will in the following sections be presented at two levels 

where common for all levels is that the results will be presented in the form of boxes 

corresponding to the coordinate system’s configurations.  

The color of the boxes are determined by the average of the colors that the discomfort 

evaluations correspond to. Red boxes correspond to configurations perceived with high 

discomfort, yellow boxes to configurations perceived as medium discomfort whereas green 

boxes are perceived with no/ low discomfort. Boxes with a green-yellow shading means that 

as many have experienced the configuration as no/ low discomfort as medium discomfort. 

For boxes with yellow-red shading the result means that just as many test subjects answered 

that the configuration was perceived with medium discomfort as high discomfort. For green-

yellow squares with a red frame has an equal amount of test subjects answered for all the 

three possible discomfort assessments.  

In the first level, all assessments made by the 79 subjects are summarized and neither sitting 

height, gender or any other parameter are accounted for. At level two, the subjects are divided 

into three groups, depending on their sitting heights, and the results for those three groups 

are then accounted for.  
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8.1.1 Level 1 

In Figure 27 are the compilations made for the first level of results visualized. The figure 

compares the results from the upright and the relaxed seating positions for both the total 

average assessments and the assessments for the requested body parts. The two columns in 

the figure should be read from top to bottom to first study the results from the separate body 

parts and then have them summarized in the average box.  

 

Figure 27. Compiled results for level 1. 

8.1.2 Level 2 

In the second level of results is the assessments of perceived discomfort for the various 

configurations compiled according to the test subjects sitting heights. To facilitate the 

analysis were the originally selected number of six female groups and five male groups, 

divided according to the subjects corresponding percentile sitting height, reduced. This was 

also done since many of these groups were heavily under-represented or over-represented, 

compared to the average number of group members. A short, a medium long and a long 

group was instead created, where men and women were mixed. The boundaries of the new 

groups were created by dividing the difference in sitting height between the shortest and the 

longest subjects in three. The following sitting heights were specified for the three groups: 

group one 785-849 mm, group two 850-914 mm and group three 915-1000 mm. 

Group one were the smallest group of only six subjects where all were women. Here a 

problem with the new breakdown of the subjects occurred, because all the coordinates were 

not evaluated by a representative from this group. In Table 10 is a summary presented of 

how many subjects from each group that have evaluated each coordinate. Group two and 

three had 30 respectively 45 subjects. 
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Table 10. A summary of the number of test subject from each group having tested each possible configuration.  

 Group 1 Group 2 Group 3 

Coordinate  
Upright 
position 

Relaxed 
position 

Upright 
position 

Relaxed 
position 

Upright 
position 

Relaxed 
position 

C9 1 0 7 9 7 10 

C8 1 0 10 6 11 9 

C7 2 4 3 9 9 8 

C6 1 0 7 9 11 6 

C5 1 2 5 6 7 13 

C4 1 3 4 10 13 7 

C3 1 1 3 5 11 10 
C2 1 2 6 4 7 7 

C1 2 1 6 10 18 8 

 

In Figure 28 and 29 are the compilations made for the specific groups presented. Figure 28 

shows the results for the upright seating position while Figure 29 shows the results of the 

relaxed position. In Figure 29 occurs for the first group, a number of gray boxes. This 

indicates that no subjects from this group has evaluated that certain configuration. 

 

Figure 28. Comfort assessments in the upright seating position for each group. 
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Figure 29. Comfort assessments in the relaxed seating position for each group. 

8.2 Perceived factors contributing to discomfort  

During the part of the study where discomfort was evaluated for different belt 

configurations, the test subjects were asked to explain how they perceived the situation with 

respect to the concerned body parts, in addition to the responses on the scales in the 

questionnaires. What was the reason, according to the test subjects, to the perceived 

discomfort? The responses where then documented for each test subject, and configuration. 

Based on a compilation of these notes, it has been possible to find patterns in the test 

participants' comments to trace reasons for rising of the feeling of discomfort. 

8.2.1 Shoulder 

A typical reason, that in 24 of the 314 tested configurations are stated to be an underlying 

factor to perceived discomfort at the shoulder, were that the belt has been positioned too far 

out on the shoulder. Several test subjects have also indicated that they think that this position 

of the belt feels insecure because it feels like the belt easily could slide of the shoulder. In 

Figure 30 are two test configurations available where both test subjects stated that it feels as 

if the belt is about to slide off the shoulder. The left picture shows test subject 21 in 

configuration 3. The test subject is a woman with a sitting height in the range between a 50th 

and 95th %ile. The distance from the sternum to the middle of the belt was measured to be 

135 mm. In the right image, test subject 40 in configuration 4 is shown. The test subject is a 

man with a sitting height corresponding to a 95th %ile. The distance from the sternum to 

the middle of the belt was measured to 130 mm. 
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Figure 30. Test subject 21, configuration 3 resp. test subject 40, configuration 4. Both test subjects perceive the 
configuration as discomfortable since it feels like the belt is positioned too far out on the shoulder or is about to slide of 
the shoulder. 

Another factor said to be contributing to discomfort at the shoulder, by the test participants, 

has been a pressure. This pressure has been expressed in several ways, including that the test 

subjects have felt “pushed down” by the belt or that the wrapping angle of the belt at the 

shoulder has been large, contributing to a high pressure on the shoulder. The vast majority 

of test participants who have experienced pressure on the shoulder, however, explains it as 

just a pressure. Some test participants have instead linked the feeling of discomfort to a lack 

of pressure at the shoulder, when the belt is not touching the shoulder. Feeling the belt 

against the shoulder have for some been formulated as a sense of safety, they want to feel 

that the belt is there. However, there is a limit to this pressure, when it is instead perceived 

as discomfortable. When the pressure is sufficiently high, test subjects have instead expressed 

that it feels like the belt is “cutting” into the shoulder.  

Another underlying factor of discomfort at the shoulder has shown to occur when the belt 

provides a pressure against the clavicle. This has been perceived as both discomfortable and 

unpleasant. Other problems that have been linked to the clavicle have been a perceived 

pressure between the clavicle and neck, experienced as discomfortable, expressed by very 

few test participants. 

8.2.2 Neck 

The most common and almost exclusively expressed problem regarding discomfort at the 

neck was the belt was perceived as being positioned too close to the neck. Some test 

participants experienced discomfort when the belt started to come close to the neck, while 

others did not perceive the belt as discomfortable until the belt was against his neck. Feelings 
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expressed, when the belt has been against neck, has been for example that test subjects 

experienced the belt rubbing against their neck, the belt cutting into their neck or a point 

where the subjects expressed that they felt constricted by the belt. In Figure 31 two test 

configurations are available where both test subjects experienced the belt as cutting into their 

neck. In the left picture test subject 55 in configuration 1 is shown. The test subject is a 

woman with a sitting height corresponding to a 50th %ile. The distance from the sternum to 

the middle of the belt was measured to 30 mm. In the right picture test subject 73 in 

configuration 3 is shown. The test subject is a man with a sitting height in the range between 

a 5th and 50th %ile. The distance from the sternum to the middle of the belt was measured 

to 45 mm. Both test subjects are sitting in the relaxed position where the problems 

concerning the belt being perceived as too close to the neck was greater than in the upright 

position. 

 

Figure 31. Test subject 55, configuration 1 resp. test subject 73, configuration 3. Both test subjects perceive the 
configuration as discomfortable since the belt is experienced as chafing against the neck. 

8.2.3 Chest 

The main factor that in most of the cases were expressed to be the underlying factor of 

discomfort at the chest has, as at shoulder, been a pressure. But when the pressure against 

the chest has been low, it has been expressed as a contributing factor to the feeling of safety. 

As at the shoulder, most of the test participants are assumed to associate a light pressure 

against these body parts as something they are used to sustain during safety belt usage and 

therefore nothing that they associate with discomfort. A light pressure against these body 

parts has rather shown to increase the perceived comfort since test subjects have stated that 

they felt safe respectively unsafe if the pressure by the belt is lacking. However, there is again 

a limit when the pressure transitions to become discomfortable. 
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Another contributing effect to the experienced discomfort at the chest has been expressed 

as the belt being positioned in a different way than the test subjects are used to. Some have 

expressed it as if it feels like the belt is positioned wrong over the chest while others have 

formulated it is if it feels like the belt is placed "too horizontally” across the chest, which has 

given an increased discomfort at the part of the chest opposite from the belt outlet. 

Perceiving the belt as lying angled across their breasts, or the feeling that the belt is about to 

slide of the breasts have been expressed as uncomfortable for many women. Figure 32 shows 

two configurations in which female test subjects experience that the positioning of the belt 

over their breasts feel discomfortable. The left picture shows test subject 70 in configuration 

3. The test subject has a sitting height in the range between a 50th and a 95th %ile. The right 

image displays test subject 53 in configuration 2. Even this test subject has a sitting height in 

the range between a 50th and a 95th %ile. 

 

Figure 32. Test subject 55, configuration 1 resp. test subject 73, configuration 3. Both test subjects perceive the 
configuration as discomfortable since the belt is experienced as chafing against the neck. 

8.3 Perceived seat discomfort in relaxed position  

In addition to the comments about the factors that contributed to discomfort in the three 

requested body parts, several of the test participants paid attention to a general discomfort 

caused by the seat and its position. These comments have all been focused at the resting 

position. 

The main problems of perceived discomfort because of the seat position has been recognized 

at the test subjects’ necks. The necks of eleven female test subjects with sitting heights in the 

ranges of the 5th %ile, 5th-50th %ile, 50th %ile and 50th-95th %ile felt squeezed between 

the seat back and the headrest since the subjects sitting heights limited them from reaching 
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the headrest in the lying position. This created great pain and discomfort in their necks. The 

longest sitting heights for these women corresponds to 5th-50th %ile men's sitting heights, 

for which there are three test subjects in the study. None of these did, however, perceive any 

problem at the neck. Other reasons that in the relaxed position caused discomfort at the 

neck has been that the test subjects have felt that the supports for their necks have been 

insufficient. This problem has attracted the attention of two female and one male test 

subjects. 

Figure 33 shows three configurations where the test subjects have found their necks bothered 

by the seat position. In the left picture test subject 53 in configuration 3 is shown. The test 

subject is a woman with a sitting height in the range between a 50th and a 95th %ile. In the 

middle image test subject 55 in configuration 4 is presented. The test subject is also woman 

with a sitting height corresponding to a 50th %ile. In the left image a male test subject, subject 

64 in configuration 1, is shown. The subject is a man with a sitting height in the range 

between a 5th and a 50th %ile. 

 

Figure 33. To the right: Test subject 53, configuration 3. Middle: Test subject 55, configuration 4. To the right: Test 
subject 64, configuration 1. All test subjects perceive the relaxed seating position as discomfortable due to pain occurring 
in the neck. 

In addition to the problems specified above which created direct discomfort in a particular 

part of the body, general complaints about the perceived comfort of the seat have also been 

appointed. When asking the test subjects why they perceive the seat as discomfortable, many 

have found it difficult to appoint a reason, except from test subject 64 who specified the 

following: 

“I would want to have some support for the legs if I were to sleep in this position or feel 
relaxed.” 4 

                                                 
4 Test subject 64, interview February 20 
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8.4 Suggestion of a final outlet position  

According to the objectives of this theses, an optimal outlet position for a belt in seat is to 

be proposed from a comfort perspective. Consequently, one or more positions that are 

shown to provide no/ low discomfort for a large proportion as possible of the test subjects 

shall be proposed. 

The proposal is that the outlet position should be located at the same position as 

configuration C3. C3 is the coordinate that for almost all body parts and groups was 

evaluated by a green box. C3 is only yellow in one context since group three felt that the belt 

was too far out on the shoulder in the upright position, and the coordinate was therefore 

evaluated with medium discomfort. 

C3 is positioned within the legal requirement for the y direction but not within the z direction, 

according to the United Nations regulation number 14 (2012). Regarding the requirements 

of the Federal motor vehicle safety standard number 209 (2011) is the location of the 

suggested position within the allowed area. The positioning of c3 relative to the seat reference 

point can be seen in Figure 34. 

 

Figure 34. C3’s position in relation to the seat reference point. 
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8.5 Reaching limitations with a reversed belt in seat 

In order to make assessments of the test subjects' perceived limitations by the belt, the scale 

used was split into three colored fields, as for the scale used to evaluate discomfort. Since 

the length of the scale measured 100mm in printed format, it was easy to divide the scale 

into three. Values between 0-33 were evaluated as a low limitation, values between 34-66 as 

medium limitation and values between 67-100 as high limitation. To evaluate the test subjects 

responses, a ruler was used to measure the distance from the left end of the scale to the mark, 

which decided the experienced difficulty implied in the movement The color coordination 

of the various difficulties are available in Figure 35 . 

 

Figure 35. The scale used in the mobility study to evaluate perceived limitation by the belt during certain movements. 
The green field means low limitation, the yellow means medium limitation and red a high limitation by the belt. 

For point one from the passenger side, 10% of the test subjects perceived a high limitation 

by the belt whereas 25% answered a medium limitation. From the driver side, 5.1% have 

answered a high limitation by the belt and 11% have perceived a medium limitation. The 

remaining subjects have either perceived a non-existent or low limitation by the belt. 

Reaching for point two have resulted in the highest percentage of perceived limitation by the 

belt where 35% of the subjects from the passenger side and 45% from the driver side 

perceived a high limitation. In addition, 11% perceived a medium limitation from the 

passenger side and 14% from the driver side for point two. The remaining subjects have 

either perceived a non-existent or low limitation by the belt. At point three, 3% of the 

subjects perceived a high limitation from the passenger side and 10% answered medium 

limitation. For the driver side, 6% of the respondents perceived a high limitation and 15% a 

medium limitation by the belt. The remaining respondents have either perceived a non-

existent or low limitation by the belt. This shows that point three has been the point for 

which the minimum limitation of the belt during the movement has been perceived. 

When analyzing the results, no clear connections have been found between the perceived 

limitations that subjects have expressed and any other parameter such as BMI, age or sitting 

height, the results are too scattered. One thing that can be seen in the results is that the 

majority of the test participants for points one and three does not feel limited by the belt in 

its movement from either the passenger side or the driver side. For point two, approximately 

50% of the test participants felt that they were limited by the belt.  



User perceptions of belt in seat installations 

 58 

8.6 Perceived limiting factors  

During the study of the movements in the car with reversed belt design, the test participants 

were asked, just like in the previous part of the study, to try to describe the situation behind 

their marked response on the scale. The responses were recorded for each test subject and 

configuration and based on these notes, multiple recurrent, perceived reasons for limiting of 

the movement emerged. 

Regarding the perceived limitation of the movement by the belt, test participants have talked 

about three types of limitation, limiting by the entire belt, limiting by only the diagonal part 

of the belt or limiting because of the lap belt. A common problem has also been that the 

subjects have experienced that the belt has run out. 16 test subjects have expressed that the 

belt run out, of which only three were women. More conclusions for the full belt ejection 

has not been possible to do except that they occurred at position two and three from both 

the passenger and driver's position. Only one subject has expressed that the belt has run out 

at the first position, and this subject has a BMI that corresponds to obesity. However, none 

of the study's other four male and two female test participants whose BMI corresponds to 

obesity experienced that the belt did run out. 

For those who did not state that they felt constrained by the belt, a variety of reasons why 

they felt limited in their movement were expressed, with the exception of those who did not 

feel constrained by any factor at all. Limiting factors others then the belt is said to be the 

environment in the car or the own body of the test subjects, which has been the most 

common reason. For this case, the test subjects stated that they either were too short, too 

immobile in the hips and upper body or that their range of motion, as a result of age, were 

too short. As for the vehicle environment, the center console, controls, the steering wheel 

and the opposite seat were described as limiting factors. 

Some test subjects have, with the above-presented factors, tied together several 

circumstances to express the limiting of their movement. The following quotes are taken 

from the study: 

”At first the diagonal belt limits me, then the lap belt since it fixates my hip in the seat and 
then my age which by my range of motion is limited”5 

“The belt is not restricting me, my body and the car environment does.”6 

A general problem that emerged during the study was that the belt, as a result of the reverse 

geometry, was perceived as discomfortable or unpleasant at the neck. The same problems 

that was noted for discomfort at the neck in the first part of the study reoccurred at this part. 

Several test subjects stated that they felt that the belt was pressing or chafing against their 

necks or even felt that the belt cut their neck. This problem was mainly occurring at the 

movements towards point one and two. However, the problem was perceived as greatest for 

                                                 
5 Test subject 72, interview February 21  
6 Test subject 25, interview February 14 
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point two, which corresponded to the longest movement. A test participant made the 

following statement: 

”The belt cuts my neck, it is more discomfortable then limiting.”7 

Most of the test subjects did not find any difference in the difficulty to reach the various 

points between the passenger and the driver's seat. This despite the fact that these seats were 

fitted with spring cassettes of different forces. The subjects saying that they could detect a 

difference between the positions does neither agree on from which of the positions the 

movements are the easier nor on the reason for the perceived differences. Of the 16 people 

who expressed a perceived difference between the two sides, seven mean that the movement 

was easier to perform from the passenger seat, this for reasons as the movements from the 

driver's seat felt harder, the resistance in the belt was perceived to be higher in the driver's 

seat, the belt was perceived to be more obstructing the driver's seat than in the passenger 

seat and that the driver's seat belt was perceived to be shorter. Reasons why the movement 

was rather easier to perform from the driver's seat has been that this movement simply felt 

lighter, the center console has been less troublesome from the driver's side and the belt in 

the driver's seat felt less cutting towards the neck. Test subject 52 was one of the test subjects 

who thought that it could feel a difference between the belts and stated the following: 

“I think that the resistance in the belt is larger at the driver seat than at the passenger seat. 

Feels that the belt gets in the way of the movement.” 8 

This statement is incorrect, the retraction force was larger at the passenger seat, but when 

looking at the stated perceived limitations by this subject, it answers says the opposite.  

Besides the above presented reasons for the differences between the passenger and driver’s 

side positioned movements, two test participant left reflections arguing that the perceived 

difficulty may be influenced by the person's dominant side. For a right-handed person 

movements from the driver's position gets, according to the subjects theory, thus lighter 

while movements from the passenger seat is easier to perform for a left-handed person. 

  

                                                 
7 Test subject 28, interview February 14 
8 Test subject 52, interview February 20 
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9 Observed and expressed difficulties to reach 
the belt 

To answer the problem defined in objectives as how the occupants’ ability to reach the seat 

installed belt is affected by the size and mobility of the occupant, observations were made in 

both parts of the study. The observations made during the study will be presented in the 

following text. 

The location of the belt in the rig forced almost exclusively all test participants, at first use 

of the belt, to turn around to reach it. In the subsequent configurations some of the test 

participants decided to ty to only use their right hand to reach for the belt, while some 

continued to use the same method to reach the belt as in the first use. This since the 

movement of reaching the belt with only the arm closest to the belt has meant uncomfortable 

shoulder movements for several test participants, especially for the configurations located 

closest to the seat. For wide subjects or subjects with a high BMI, configurations where the 

outlet is closest to the seat, c1, c4 and c9 and possibly more depending on the size of the 

person, the belt ended up behind the subject which forced them to turn around in the seat 

to reach the belt. Reaching the belt in the relaxed position has, for most test participants, 

proved to be more challenging than in the upright position. At this position, more tests 

subjects than in the upright position, has chosen to continue turning their upper body around 

to reach the belt. 5 out of 79 test subjects has additionally, for the relaxed position, decided 

to sit up, turn around to grab the belt, eject it and take it on, and then lie down in the seat. 

Figure 36 shows test subject 42 at the relaxed position whom decided to apply the above 

presented principle to take on the belt. 

 

Figure 36. Test subject 42 in the reclined position deciding to sit upright to put on the belt and then lie down in the 
seat. 
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Besides the observations presented above, 13 out of 79 test subjects chose to express that 

they found it difficult to reach the belt. It was not requested, the subjects have chosen to 

express the difficulty. Out of these 13, only three were women. In Table 11 there is a 

summary of the test subjects who expressed that they experienced difficulties in reaching the 

belt and the configurations the concerned subject has tried. The configuration for which the 

complaint was raised in the order is highlighted in yellow. 

Table 11.  A compilation of tested configurations for which test subjects have expressed difficulties in reaching the 
belt. The test configurations are presented in the order of which the test subject has tried them. Configurations for 
which a difficulty to reach. 

Test 
subject  

Sitting height BMI Age Tested configurations  

Female 
          

23 50th %ile<x<95th %ile 19-25 50 c9v1 c1v2 c6v1 c4v2 

34 50th %ile<x<95th %ile 19-25 49 c2v1 c6v2 c4v2 c9v2 

55 50th %ile 19-25 49 c3v1 c4v2 c6v1 c1v2 

            

Male           

47 50th %ile >30 56 c9v2 c3v2 c1v2 c8v2 

49 50th %ile<x<95th %ile 26-30 40 c7v1 c2v1 c1v1 c4v2 

57 95th %ile 26-30 46 c7v2 c4v2 c5v2 c3v2 

61 50th %ile<x<95th %ile 26-30 53 c1v1 c5v1 c3v2 c5v2 

62 50th %ile<x<95th %ile 19-25 27 c6v1 c3v1 c9v2 c4v2 

63 95th %ile 19-25 51 c1v1 c5v2 c7v2 c4v2 

64 5th %ile<x<50th %ile 26-30 61 c9v2 c1v1 c6v2 c1v2 

69 95th %ile 26-30 39 c6v2 c1v1 c4c1 c4v2 

72 95th %ile 26-30 64 c9v1 c5v2 c2v2 c1v1 

74 95th %ile 19-25 37 c7v1 c8v1 c1v1 c4c1 

 

The estimated average age of the people who expressed that it is difficult to reach the belt is 

48, only three of these subjects are younger than 40 years, while eight people are older than 

the estimated average age. It has not been possible to find any relationship between their 

heights and BMI, these parameters are too scattered among the subjects. It is however 

possible to ensure that all test subjects who expressed a complaint, except for two, only made 

it for one of the tested configurations.  

The configurations of which the test subjects have expressed the highest number of 

complaints are in the relaxed seat angle and configurations C9 and C4. Table 12 shows a 

summary of the configurations of which the test subjects have expressed a difficulty to reach 

the belt. The table also shows how many test subjects that in total have tested the certain 

configuration. 

Regarding the mobility study conducted in the car, no difficulties to reach the belt were 

expressed but observations that revealed difficulties for almost all subjects were made. The 
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outlet position used in car corresponds to the position of C1 in the coordinate system. This 

is very close to the headrest and the position forces a strained motion of the shoulder when 

reaching for the belt. 

Table 12. A summary of the configurations that obtained expressed complaints regarding found difficulties in the 
reaching of the belt. The table also shows for how many test subjects these configurations have occurred. 

 

  

Configurations Number of complaints Number of occurrences 

c1v1 1 26 

c2v1 1 18 

c3v1   15 

c4v1   14 

c5v1   14 

c6v1 1 21 

c7v1 1 15 

c8v1   20 

c9v1 1 16 

c1v2 1 20 

c2v2   20 

c3v2   21 

c4v2 4 14 

c5v2 1 21 

c6v2 1 16 

c7v2 1 16 

c8v2   15 

c9v2 3 18 
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10 Discussion 

The aim of this thesis was to increase Autoliv’s knowledge concerning how the occupant’s 

experience of the belt is changed as its installation point was moved from the B-pillar to the 

seat. This regarding the occupants perceived comfort at different angles of the seat back for 

different sizes of people and how people of different sizes and variable range of motions’ 

ability to reach the belt is affected by the installation of the belt in the seat. To answer these 

questions, a two-part study in which both comfort, movement abilities and the test subjects’ 

behaviors around the new belt installation were studied.  

The work behind this report will be discussed in the following section. The chapter is opened 

with a discussion of the methodology used to conduct this thesis’ work and its study. This is 

followed by a discussion of the results obtained from the study and finally a discussion of 

the observed difficulties to reach the belt as well as challenges for the conditions tested in 

study. 

A major limitation of the results of the study is the deficient distribution of sitting heights 

and genders in the group of test subjects, which founded a certain bias in the results. This 

has been the reason why it has not been possible to draw any certain conclusions from the 

results, however, some trends have been seen. 

10.1 Thesis methodology 

In the sections below, methods for the implementation of the study and the work around it, 

as well as the generous literature study conducted before the study and its results, will be 

discussed. 

10.1.1 Scientific method 

The project results were derived by a cross-sectional research design presented in Chapter 5. 

The work began with a literature study of subjects of interest to the study. The initial subjects 

studied were possible methods to implement the work. The method chosen was, as 

presented, a cross-sectional approach where different types of methods and elements were 

combined to achieve the result. The main element of the thesis was a study in which 

quantitative surveys featuring two different types of scales were used in conjunction with 

qualitative interviews. During the study qualitative observations was also used to observe the 

behaviors of the subjects regarding the belt. 

The advantage of the research design chosen is that both qualitative and quantitative data 

has been obtained. This has provided a broad picture of the result but also formed the basis 

of the conditions that have been interpreted by the result. The disadvantage of the choice of 

design is that it is highly time consuming when only one person at a time can be interviewed 

and that it requires a large number of people participating to enable validation of the results. 

The same results could possibly have been achieve through group interviews or focus groups, 

to gain time. The advantage of carrying out individual interviews is, however, just as Bryman 
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(2008) argues, that the various test participants cannot influence each other. Group 

interviews enables discussions of the experience, which may affect people with weak self-

esteem to change their thinking according to the stronger participants (Bryman, 2008). 

Literature studies of the subjects of inclusive design, joint range of motion, human range, 

seat belts and comfort were essential elements for the design of the study and the 

interpretation of its results. Inclusive design were studied to increase the understanding of 

how the design of a product, which in this case was the new belt installation, should be 

carried out to make it available to as wide an audience as possible. The study of the subject 

joint range of motion was fruitful in the analysis of the results of both parts of the study, 

especially when the expressed difficulties in reaching the belt in the rig and the expressed 

limitations in the car was analyzed. Even the understanding of how past studies have 

evaluated the human range was a great addition to the analysis of the same parts of the study. 

To build an immersed understanding regarding the factors limiting today's belt installations 

in the B-pillar and understand the functions of the belt and how these are achieved, has been 

a necessary element for the construction of the study and the analysis of its results. The final 

subject studied were the state of comfort and how this previously has been evaluated. It was 

as well a necessary complement for the conduction of the study, not least for the choice of 

scale to register the test subjects’ perceived comfort. 

In parallel with the literature study, a competitive analysis to find out how existing 

installations of belt in seat is designed, where their outlet positions are located and how they 

were experienced when using the belt. The analysis was very useful and an important 

foundation for the establishment of the study when several parameters that may affect the 

customer's perceived comfort were discovered, including the design of the seat and the belt 

outlet.  

The study of competing types of belt in seat installations was performed on new vehicles 

that were available in the local area to Autoliv in Vårgårda and only on applications installed 

in separate seats, since this work was concentrated on belt in seat applications in the driver's 

seat. For this reason, the Rolls-Royce models Dawn, Wraith and Phantom, which all have 

belt in seat installed in the driver’s seat, but are not available to study anywhere else than 

Stockholm, was extradited. This makes the competition analysis not fully comprehensive. 

Nor can it be ensured that only the models presented in Table 2 in Section 6.1 Benchmarking 

are the only ones having belt in seat installed in an existing model, since the reliability of the 

available sources used to retrieve the information about current models with belt the seat 

varies. 

10.1.2 Test participants 

The choice of test participants to the study was based on the information regarding inclusive 

design obtained from the literature study. The selection was done through convenience 

sampling where test participants available for the study were selected. It would have been 

desirable to randomly select test participants that could correspond to the three groups 5th, 
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50th, and 95th %ile women and men, as initially set for the study, but since the scope of the 

work and its opportunities were strongly limited by secrecy, this selection method had to be 

waived. 

The people chosen for the study were people working at Autoliv's plant in Vårgårda and who 

themselves had indicated their interest in participating in the study. Initially, only people with 

sitting heights corresponding to 5th, 50th, and 95th %ile women and men’s’ were sought. 

Since these groups got too few participants, especially the 5th and 50th %ile women groups, 

the decision was taken to let all test participants who reported interest in participating in the 

study participate. The final selection resulted in six groups divided according to sitting 

heights, six for women and six for men. Out of these, groups of men with sitting heights 

shorter than the 50th %ile and women of sitting heights corresponding to the 50th %ile and 

shorter were strongly underrepresented. 

The establishment of the ranges for 5th, 50th and 95th %ile women's and men's sitting 

heights were based on the average estimated values and their standard deviations taken from 

Pheasant’s (2008) tables. The fact that Pheasant’s (2008) tables are nine years old are a 

concern and they cannot, without doubt, be assumed to correspond to the heights that 

today's populations measure. A comparison with the previous edition of the book (Pheasant, 

1996) showed that the differences in sitting heights for the different percentile groups were 

negligible and the differences to current heights were therefore assumed to be negligible as 

well. When calculating the averages of sitting heights, all available populations’ measurements 

were included, although the Asian populations reduced the calculated average values. Since 

Autoliv's customers are all over the world, it was important to include as many populations 

as possible when calculating the sitting heights for the different groups.  

The convenience sampling chosen for the study provides a strong weakening of the study's 

results. The selection of test participants does not reflect the population it is intended to 

imitate since several of the groups are underrepresented. In addition, all test participants are 

working at Autoliv, a company in the automotive safety industry, which means that the 

majority of the participants have a heightened safety awareness that most likely have affected 

their experiences during the study. Three of the test participants have also admitted that they 

felt colored in their way of thinking from working at Autoliv and a number of test 

participants have based their perceived comfort on a sense of safety or insecurity. In order 

to avoid an excessive degree of impact from the workplace, people working with seat belt 

development or application has deliberately been removed from the study. For several of the 

groups, however, the study's results can, with a greater accuracy be verified, although the 

participants are working at Autoliv, due to the large number of persons in those groups. 

It has not been possible to find people with specific differentiations in range of motion for 

the study. This since it would have meant major and time consuming additions to the 

measurements taken of the test participants prior to the study, and that instruments necessary 

for these quantifications were not available for the study. Instead, the literature studies in the 

subjects of joint range of motion and human range were used to evaluate the results of the 
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study concerning the abilities to reach the belt and the perceived limitations in the reaching 

test. 

10.1.3 Test setup 

When preparing the study, the belt rolls were attached at an arbitrary position on the seats’ 

backs. To avoid any deformation of the seats if the belts were ejected with a high force, the 

attachment surfaces of the rolls were reinforced by horizontal bars across the backs of the 

seats’. It was initially desired to position the belt rolls directly in the coordinate systems of 

the seats to avoid unnecessary friction by loops and to enable use of as weak spring cassettes 

in the rolls as possible. However, this had complicated the design of the belt installation. In 

the design of the seats for the study, neither if the dimensions of the coordinate system are 

possible to accommodate in a car nor if the belt roll is possible to place where it located, is 

taken into consideration. In a study by Hillström and Johannesson (2017), the packing 

possibilities of a belt in seat in a standard driver’s seat is studied. Their study can serve as a 

great complement to this work in the form of design feasibility. 

The coordinate system used in the study was developed with the help of a seat belt expert 

from the seat belt application department at Autoliv. Similarly, the fixed position of the belt 

outlets used in the seats in the car were elaborated together with this expert. Basing these 

positions on just one person's personal preferences are a possible source of bias in the 

assessment. The person in question has, however, many years of experience of belt 

installations and how belts should position to achieve maximum safety. This knowledge 

should in no way be belittled. 

Something that was very important in the preparation of the study’s environment was that 

all test subjects should face the same environment, to avoid variations between the different 

tests and to enable comparisons. For these reasons, both cameras and the rig were attached 

to the floor to allow for comparisons between the images taken for different configurations 

and test subjects. 

10.1.4 Test execution  

Initially in the study the test participants received a brief information about the background 

and the purpose of the thesis, what was expected from them together with instructions for 

the initial part of the test that was performed in the rig. This information was read aloud 

from the interview form presented in Appendix F, for each test participant to ensure that all 

participants had heard exactly the same information. Problems that frequently occur in 

interviews and studies, which is presented by Bryman (2008), is that the interviewer's tone 

could vary between test participants and pieces of text. This can lead to test subject attaching 

importance to the wrong type of information, misunderstands the information or simply 

processes and encodes the information incorrectly Bryman (2008). This problem could have 

been avoided if the prepared information instead was recorded and played for each test 

participant. The authors feel, however, that this way of presenting the information could 
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have been perceived as impersonal to test participants, even if it could have minimized the 

risk of the use of different tones for different test participants. 

A parameter that has created different test conditions for the subjects is how they have been 

sitting in the car. This must be taken into consideration when analyzing the results of motion 

study that was carried out in the car. When the subjects sat in the car they were requested to 

push the seat forward or backward, as they had been sitting comfortably in the seat. This 

means that when the subjects sat in the passenger seat, they changed the seat as that they had 

wanted to sit if they were to ride along with someone else respectively drive, from the drivers 

position. The seat height and seat back angle were not allowed to be changed, to prevent that 

too many parameters would have an effect on the end result. This approach has mainly 

caused problems for the passenger side where the seat position proved to be not as important 

for the subjects as at the driver's side. Here, most subjects assumed the position that the seat 

were in when they entered the car and only made changes if necessary. Since they assumed 

different starting positions of the seat, the position that the previous test subjects had its seat 

in, these conditions have been varied for the different subjects. This could have been avoided 

by, between each test, pushing the seat back to a "neutral" position. People with long legs 

has naturally pushed the seat far back, since they did not need to consider having someone 

sitting in the back seat, and it was therefore very easy to reach for point three, while the 

distance to point two and one where farther. For people with short legs, some bothered to 

move the seat forward to a position where they received support for their feet against the 

angled surface under the glove compartment, while others did not make this change and used 

the position as seat where in as they entered the car. This with the motivation that it did not 

really matter where they sat in the passenger seat. This has created great differences between 

how these subjects have been sitting in the passenger seat and the driver seat and thus also 

major differences in the distances to the points from the two positions. Because of this, it is 

possible to question the degree of possible comparison between the results of these subjects. 

The idea was initially that a person who wants or needs to sit far forward when driving will 

want to sit in roughly the same position at the passenger side. This assumption was wrong. 

Another parameter that may have influenced the final results is how the belt has positioned 

for each subject when they have put on their belt. Some test subjects have just put on the 

belts and then let them remain in the position that they ended up in, while others have 

corrected a belt perceived to position wrong into a more, according to them, correct position. 

Thus, the same belt configuration for two different people could have had different effects 

on the perceived discomfort. Some subjects have furthermore chosen to tighten the belt after 

putting it on. This adjustments could, compared to those who have not made these changed, 

imply differences regarding, for example experienced chafing against the neck or experienced 

pressure to the shoulder and/ or chest. To avoid this, the test subjects could simply have 

been instructed to just put on the belt and then leave it in the position that it ended up in. 

Though, this could as well mean variations, depending on how the subject sits when it puts 

on the belt, but differences as a result of adjustments could have been minimized. 
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It would have been desirable to have each subject test more configurations in the rig to have 

a larger number of test subjects of different size having tested each configuration. However, 

it became clear fairly soon into the study that four configurations per test subject was the 

right number. Several subjects showed difficulties to concentrate through four 

configurations, and too many responded, for convenience, as they answered the previous 

question if the situation was perceived somewhat similar to the prior. This creates a weakness 

in the results since some configurations might have received different answers if they had 

been tried earlier in that subjects series of configurations. 

10.1.5 Scales 

The scales used in the study have in various ways been treated by the test participants. In the 

notice of attendance in the study, the scale that would be used to assess discomfort where 

enclosed and the test participants were asked to acquaint themselves with the scale before 

the test to increase the understanding of the scale. Letting the test subjects get familiar with 

the scale prior to the test is a common approach included in several studies of discomfort, 

including Mansfield et al. (2015) and Mansfield et al. (2017). The use of the scale utilized in 

the reaching study was considered trivial and that scale was therefore not included in the 

notice. Including it in the notice had increased the understanding of the scale, but the authors 

believe that it could have created more confusion than clarity for the test participants since 

the purpose of the scale it is not directly clear from looking at it, it needs further explanations. 

Although the test participants were asked to get familiarized with the scale that would be 

used to assess discomfort, several showed initial difficulties in understanding the scale and 

that discomfort was requested. This despite the fact that even the initial information that was 

read for the test participants before the test contained information regarding the focus on 

discomfort in the first part of the study and how the scale was to be used. In this way, it 

became clear that different people have varying difficulties to register and understand 

instructions and that some people need to receive extensive and repeated information to 

understand it. Whether these people have taken the time to get acquainted with the scale or 

not, or whether this has increased the understanding of the scale for those did, is hard to 

know. 

The questionnaire for the initial part of the study in the rig contained three scales for each 

configuration in which the test participants were asked to mark the specific perceived 

discomfort for the body parts shoulder, neck and chest. The requested areas were 

demonstrated by the interviewer to increase the understanding and to concentrate the test 

subjects’ thinking to the body parts that the form aimed at. Despite this, three of the test 

participants expressed that it was difficult to imagine the discomfort in these specific body 

parts. This is understandable since two of the body parts are adjacent each other, chest and 

shoulder, and the border between them could simply have been visualized with a picture of 

the different body parts in a human body. This like many researchers use of body part 

discomfort charts to specify the relevant body parts for discomfort assessing (e.g. Gyi and 

Porter, 1999, Porter et al., 2003 and Mansfield et al., 2014) as described in Appendix A. 
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Another problem that arises with the use of the scale used to measure discomfort is that the 

scale steps between the verbal anchors are of different sizes and that the scale provides a 

large number of steps, both inviting random errors (Ejlertsson, 2014) and difficulties to 

select. This has been expressed by three of the test subjects who have thought that the scale 

has offered too many options to make certain choices.  

As Ejlertsson (2014) argues, a selected option in a number of scale steps larger than seven 

means that the answer could as well be the option above or below. The scale steps are also 

unequal, since the steps are given different weights (Borg and Borg, 2002). This can be 

difficult to understand for an untrained user. The scale, however, offers several shades of 

discomfort which proved to be useful in Mansfield et al.’s (2015) study, which was why the 

scale was used. As the gathering of the responses on the scale was read and eventually 

compiled it had been easier to use a simpler scale with fewer steps, such as Porter's Seven-

Point Comfort Rating Scale (Porter et al., 2003), as described in Appendix A. 

10.1.6 Validity and reliability 

In all types of surveys or studies, it is possible to question whether the results obtained are 

correct, that is, with what safety they measure the one or more variables of interest 

(Ejlertsson, 2014). Whether this study has high validity, or if it really measures what it is 

intended to do, is difficult to determine. The authors feel, however, that the methods used 

to assess discomfort and estimate movability are relevant to their purpose. To subjectively 

measure discomfort by using scales have proven to be well-founded methods (Falou et al., 

2003). For this work, equipment to objectively measure discomfort has not been available. 

To estimate discomfort in such a manner has neither been the purpose of the work since the 

customers’ feelings and experiences have been in focus. Of course, a combination of 

subjective and objective methods could have been used. Though, a combination of the 

methods would have required a longer study to ensure that the objective and subjective 

findings correlated with each other (De Looze et al., 2003), which is beyond the scope of 

this work. 

An important limitation of subjective assessments is that they are based on the ability of the 

test subjects to make accurate estimations of discomfort. This has been recognized by 

Herman and Bubbs (2007) and Sammons et al. (2007), among others. Sammons et al. (2017) 

have also emphasized the importance of all test subjects having the same idea of discomfort. 

This created problems in the Sammons et al. (2017) study when the depictions of discomfort 

differed between the test subjects. This problem has as well been observed in this study. Not 

least shows the different ways that test subjects have made their assessments of discomfort, 

as described in Section 8.2, that the definition of discomfort has differed significantly 

between the different subjects. Some have, for example, based the answers on a sense of 

security while others have based it on a state of pain. 

Another difficulty that comes with measuring discomfort, which also becomes clear through 

the study, is that discomfort is a dominant factor (Helander and Zhang, 1997). As soon as 
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discomfort is present, it is difficult to feel comfort or even minor discomfort in body parts 

other than that exposed to high discomfort. This has been expressed by several test subjects. 

If a sense of high discomfort has been present in a certain body part, it has been difficult to 

focus on how the belt feels at the other requested body parts. Several subjects have also 

pointed out that it has generally been difficult to explain why it feels bad or even where it is 

uncomfortable, the general feeling of unpleasantness has taken over and it has been difficult 

to think beyond that. 

Something that has been established by several researchers, including Falou et al. (2003), 

Porter and Gyi (2002), Smith et al. (2015) and Porter et al. (2003), is that discomfort increases 

with time. This means that the results that the study shows are only occasional measurements 

of a person's temporary conditions and that the situation fifteen minutes later could look 

completely different. Many of the test subjects have expressed a desire to test some 

configurations for a long time to evaluate whether they really find those discomfortable or 

not. For example, several test subjects who had the belt close to the neck assumed that it 

would become troublesome in the long run when they assessed the discomfort, without really 

knowing how the future state would actually feel. Ebe & Griffin (2008), Mansfield et al. 

(2014) and Mansfield et al. (2015) have also shown that the discomfort additionally should 

be tested under dynamic conditions to properly evaluate the state. It is therefore not 

sufficient to just expose test subjects to a particular configuration for a long time, it must be 

done in dynamic conditions too. In order to verify or reject the results of this study 

supplementary driving simulation studies or real road conditions need to be tested. 

The study's reliability has been assumed to be low. It is not possible to guarantee that people 

who are exposed to the same circumstances, or even that the same subject would give the 

same answer if it was subjected to the same configuration repeatedly, for which several 

reasons are presented earlier in this chapter. There are too many parameters that can affect 

a subject's response. 

Another factor that might have influenced the subjects' responses is how they have been 

affected by the previous tested configurations. If a test subject before the last configuration 

tested three that are experienced as not discomfortable at all and then get to try a fourth 

configuration that, in comparison to the prior, is perceived as extremely discomfortable, 

there is a risk that this configuration is recorded on the scale  as unnecessarily discomfortable. 

The same effect can be achieved if the same test subject gets to try three configurations 

evaluated as extremely discomfortable and then gets to try a slightly "easier" configuration. 

The risk is that this last configuration is perceived as less discomfortable than what the 

subject, in a different situation, would have had assessed it as. Just as Richards (1980) argues, 

people are constantly facing situations where they are forced to compare subjective 

experiences, which also becomes very clear through the study. The majority of the test 

subjects has compared the configurations to another, in order to facilitate the assessing. If it 

has not been with other configurations in the series, the situation has been compared with 

how the subjects perceive the situation in their own cars, despite the fact that the subjects 
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through the initial instructions were instructed to respond only by how they experienced the 

situation at the time, when they sat in rig. 

The study's reliability could possibly have been controlled by allowing certain subjects to do 

the study twice, with a certain time interval ahead to prevent obvious repetition, or most 

easily by allowing some test subjects to try a particular configuration multiple times, perhaps 

directly following the same configuration, to see if the person experience is changed just 

because the configuration is said to be changed.  

In order to estimate different people's abilities to reach a seat installed belt, observations 

were made. Using observations as a method of information gathering may give different 

results depending on who the information collector is and what the collector thinks is 

interesting (Kylén, 2004). This gives the reliability of the observed results a certain limitation 

since it is not possible to guarantee that the same situation would have been experienced by 

another viewer. For the study tough, both study leaders i.e. the authors of this report, helped 

each other during the observations to ensure that behaviors of interest to the study were 

noted. 

10.2 Results of the study 

In the following section, the different results obtained by the study will be discussed. 

10.2.1 Discomfort assessments 

To facilitate the assessment of the subjects’ responses and for to, in level two tie the perceived 

discomfort to various sitting heights, all test participants were divided into three groups, 

based on their measured sitting heights. The boundaries of the new groups were defined by 

dividing the difference between the minimum and maximum sitting height of the subjects in 

the study, in three. This created groups that were still uneven concerning the number of 

subjects, although the number of participants in each group increased from being one or 

even none in certain groups. One problem with this new division proved to be that for the 

first group, consisting of eleven women, multiple coordinates in the system had not been 

tested, while other coordinates for group two and three, which contained 30 and 43 

participants, had been tested up to twelve times. For these groups the results stands 

considerable stronger than those of group one. Perhaps a distribution focused on creating 

groups with an equal number of participants had been able to ensure that all configurations 

were tested by all groups. The problem had then been that the distribution of sitting heights 

between the different groups had been uneven since the number of tall men were 

overrepresented in the study. 

The groups can be turned over again and again but the major problems regarding the 

distribution of sitting heights and in addition, the distribution the sexes remains. This makes 

it impossible to draw any conclusions from the results of the study - it is only possible to see 

trends. By only studying the results perceived at level two, for both the upright and relaxed 
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seating position, for group one, it is clear that the averaged calculated results in level one is 

not at all representative of this group. Since the test subjects are so few in group one, their 

results disappear as the mean values are calculated. To get a more accurate picture, a 

weighting between the numbers of group members in each group is needed to be calculated 

and considered in the calculation of the average results. 

As demonstrated in Section 8.1.2 a clear trend is that the perceived discomfort, for both the 

general results and the specific results for the different groups, got worse when the seat was 

in its relaxed position, compared to the upright. Coordinates getting markedly worse values 

are those in the vertical level closest to the seat. The body parts for which the discomfort 

becomes impaired when the seat is reclined is the neck and the shoulder.  

A possible explanation for the worsening of the perceived discomfort is that the subjects’ 

hips and spines get displaced compared to the upright position, which allows a changed belt 

fit. This since the seat back is reclined about an axis not going through the subjects’ H-points. 

When the distance between the webbing and the neck shrinks and the belt gets closer to the 

neck, a higher discomfort is perceived. There is a clear connection in the study showing that 

the closer to the neck the webbing ends up, the higher the perceived discomfort is. This has 

been verified by comparing measured belt fit values and the corresponding perceived 

discomforts. 

Other clear trends have been traced to the shoulder and shows a raise of the discomfort if 

the belt gets positioned too far out on the shoulder, as this creates a feeling that the belt 

could slide off the shoulder. This has been frequently occurring for the coordinates in the 

vertical level farthest from the seat and in the top horizontal line of the coordinate system. 

Generally speaking, the configurations of the lower left corner of the coordinate system has 

created the least problems for all test subjects. 

To find more patterns in the results it would have been interesting to take more 

measurements on the test subjects. For example, the depth of the chest might have an effect 

on the experienced pressure to the chest. Shoulder width could also be a contributing factor 

to the belt being perceived as sliding-off or not. 

10.2.2 The selected outlet position  

The coordinate that is proposed to, from a comfort perspective, be the optimal coordinate 

for the placement of a three-point belt in seat, is based on the low discomfort perceived by 

all subjects for this coordinate, it is appropriate to the largest number of test participants.  

Regarding the suggested coordinate’s location relative the benchmarked cars’, the distance in 

z direction is comparable to the Tesla’s and the BMW’s position. As for the x direction, the 

positon is the closest to the BMW’s. For the y position the coordinate is located 

approximately 100mm further away than the Ford installation, which of the benchmarked 

models was located at the greatest distance in the y direction. This could indicate that the 

proposed position will imply a challenge for the seat construction. 
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10.2.3 Limitations  

It is, based on the results of the mobility study, difficult to find any dependent factors of the 

perceived limitation of the belt. For example have neither the sitting height nor the subjects’ 

BMI been found to affect the outcome. There are too many variables in the study that can 

affect the experience. Some of these factors have been specified earlier in this chapter, but 

attention will also be given to the factors in the next section. For example have the seats’ 

position relative to each other and the test subject's conditions for how they evaluated the 

situation varied. 

As regards points three and one, most of the test subjects could without difficulty reach the 

points. The perceived limitation by the belt was therefore evaluated as low, in most cases. 

The point for which the limitation by the belt clearly was perceived as the highest was point 

two. Table 9 in section 7.2.2 presents the parameters that define the target points and shows 

that point two is positioned at the greatest distance, at the largest zenith and azimuth angles. 

Liu et al. (2017) have in their study argued that the reach capability radius is affected by the 

implied difficulty in the movement, by the azimuth and zenith angles representing the target 

point but also by the stature of the subject.  

In the directions for which the reach capability radius is low, the belt could be seen as limiting 

as the subjects feel that the movement itself is difficult. The subject may thus be troubled to 

determine whether it is the implied difficulty in the movement or the belt that limits them. 

Another reason that the subjects feel more constrained by the belt for point two is that the 

belt lies against the neck for a longer time than for the other points, which can be seen as a 

hassle. The presented reasons for experienced limiting are just speculations and nothing that 

can be justified by the results of the study. 

Although the mobility study reveals several shortcomings, its results were interesting because 

they demonstrated the people's varying ability to analyze a situation. This will be described 

in more detail in the following section. 

10.2.4 Perceived limiting factors  

The authors would like to start by clarifying that it is not recommended that movements like 

those tested in the study are carried out during driving. Reaching this far in the car should 

only be made if it is parked. 

Of those who stated that they felt limited by the belt, four different options for limiting has 

been stated. Either they simply felt limited by the belt, others were more specific and 

indicated what part of the belt that limited them. The last reason for limiting by the belt is 

that it run out. The simple assumption is to say that people with high BMI or large body 

range are those for which the belt should run out, but several obese subjects in the study 

have not expressed this problem. These are, for example, not sufficiently mobile to reach 

that far forward that the belt would run out. Another reason is to say that people who have 

a large joint range of motion in the upper body that they, for position two, managed to reach 

that far forward that the belt simply ran out. Any more well-founded assumptions than those 
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are not possible to make from the results. The links possible to find are too weak to call 

conclusions. 

By just looking at the test setup in the car, all subjects should answered that they are limited 

by the belt. The fact that they wear the belt during the movement makes their hip is limited. 

If the hip belt had not existed the hip could have be lifted from the seat, moved forward and 

closer to the point. The subjects could for example have been lying stretched out over the 

center console to reach for point two, if they had not been wearing the belt. And even if it is 

not perceived, the belt always offers some resistance that, as compared to not using a seat 

belt, should be perceived as some kind of limitation. 

It becomes clear that the people who gave answers like that there is a certain part of the belt 

that restricted them went a step further in their thinking and analyzed the situation than those 

who answered that the their body limited them. Naturally, there are as well a limitation by 

the body. If the subjects would have been more moveable in the hip, it had been possible to 

reach further, and likewise if the subjects had had longer arms. With respect to the issue and 

the scale design, some kind of limitation by the belt in any kind of movement in the car, 

when using a belt, is considered to be a relevant answer, according to the authors.  

As presented in the Section 8.5 and also in Section 8.6 the majority of the test subjects did 

not feel limited by the belt in the movements. For those who did not feel limited by the belt 

but by another factor, a range of possible alternatives were stated. For this reason, it would 

have been interesting to add a similar scale in parallel with each scale used to evaluate 

limitation by the belt in the survey, in which the possibility for the test subjects to themselves 

name the scale after the alternative form of restriction that they experienced existed. This 

scale could then have been used to rate the difficulty that this limitation meant to the 

movement. 

In the study, there are also a number of interesting expressed reasons why movements from 

one side of the car is easier than from the other. Two of the subjects mentions dominant 

sides of the body as reasons for the perceived differences. There are several scientists 

debating whether dominant sides have an impact on personal mobility and as featured in 

Section 2.3, there are different views. Results were statically proven differences have been 

found the differences are either so small that they could be neglected (Macedo and Magee, 

2008) or have been linked to too specific movements (Barnes et al.'s (2001). Whether subjects 

who are right- or left-handed have perceived any differences in difficulty between the sides 

of the car are, based on the theory, difficult to determine. Possibly, a result could have been 

obtained by asking test subjects prior to the study if they identify themselves as right- or left-

handed and then try to find patterns in their responses. Whether any conclusions with 

statistical certainty could have been obtained from this is, however, difficult to determine, 

probably not. 

A general problem that arose with the reverse belt geometry used in the car is that it is 

perceived as tough to the neck at the movements inwards in the car. This is something that 

must be taken into account for this type of installation to be implemented in a real scenario. 
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Movements inwards in the car is impossible to avoid, and there are several scenarios in which 

this might occur, even if the car is not moving and the person is wearing the belt, for example 

in a shorter break. 

10.3 Difficulties to reach the belt 

It is difficult to, both from the observed and the expression difficulties, draw any conclusions 

for which types of people that finds it hardest to reach his belt. One reason for this is that 

even if the subjects have had good upper body mobility, they may still feel that the movement 

to reach the belt is difficult to perform. This since the movement, in particular for the 

configurations that are closest to the seat, forces the execution of uncomfortable axis 

movements if the occupants does not choose to, which several subjects in the study has 

done, turn around to reach the belt.  

Several researchers have, as featured in the Section 2.3, studied various parameters that may 

have an impact on the movement in the joints in the body. These are results that could be 

used to try to understand human variations in the perceived difficulty to reach the belt in this 

study but they cannot with certainty be said to reflect the specific situation. Researchers as 

Stubbs et al. (1993), Chung and Wang (2009), Chaparro et al. (2000) and Hussein et al. (2016) 

all agree that joint mobility decreases with age, especially in joints such as the wrist and the 

cervical spine. Further, have Chung and Wang (2009) and Chaparro et al. (2000) through 

their studies demonstrated that women have a higher degree of mobility in their joints, 

specifically in the wrist and other joints in the upper limbs. In order to verify or refute the 

statements that scientists have made by results as from this study, it is necessary to use a 

more comprehensive population of test subjects where mobility is included as a parameter 

in the selection. 

Since only 13 out of the 79 test subjects have expressed a difficulty to reach the belt, it is not 

possible to draw any conclusions from this, but also since they themselves have chosen to 

make these statements. Furthermore expresses all but two of the subjects the difficulty only 

once for the four configurations. It could mean that the person has only experienced the 

difficulty in that certain configuration, but also that this complaint applies to the remaining 

configurations, or any other similar configuration in the order of that subjects tested 

configurations. That is another uncertain factor. Probably did several more than those who 

expressed the movement as difficult, find it hard, based on the observations made and if the 

test subjects had been asked whether they experienced the movement as difficult, the 

situation had probably been different. 

The observations have been able to demonstrate the problems that the belt in seat means in 

terms of reaching and since the problem has been identified as a general problem, since the 

belt lies close to the seat and for some even behind their backs, it has been difficult for all 

subjects to reach the belt for all configurations. It had thus not been meaningful to ask the 

subjects about the perceived difficulty, or to ask them to rate the difficulty since it is more 

or less present in all configurations. 
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Reaching belt has, however, through both observations and expressed comments proved to 

be most difficult in the relaxed position. A possible future scenario that would could solve 

this problem in the relaxed position could be that the seat is always in an upright position 

when a person enters the car. In this way, the person does not need to take on the belt when 

the seat is reclined. However, the difficulties to reach the belt in the upright position does 

not disappear by implementing this solution and to facilitate the customer's use of the belt 

in the upright position, different types of presenters could be possible solutions. When the 

customer, for example, takes off the belt to get out of the car, it "park" the latch somewhere 

in the car where it is easily available when the belt instead should be put on. In this way, 

uncomfortable and unnecessary movements are avoided when putting on the belt. The use 

of a belt that cause inconvenience to the customer may reduce the use of the belt and thus 

becomes a security risk. Simplicity in the use of a belt in seat is something that must be 

attached great importance when designing.  

10.4 Design challenges  

Several women with sitting heights corresponding to 5th to 95th %ile’s have, as showed in 

Section 8.3, felt that their necks have gotten “squeezed” between the headrests and the 

seatbacks in the relaxed position. Another three subjects have paid attention to their necks 

feeling uncomfortable in the same position since they have not received any support for their 

necks. This is a major challenge for the manufacturer of a seat where it is possible for the 

occupant to travel in several positions. Another problem that could conceivably occur with 

a seat where only the backrest is reclined is submarining, when the occupant’s hip slides 

under the belt, during a dramatic deceleration or a collision. This event could mean serious 

injuries to the abdomen and soft parts of the stomach when the belt no longer lies against 

the hipbones. One possible solution that potentially could solve both the problems 

experienced for perceived “squeezed” and uncomfortable necks and to avoid submarining is 

that the seat cushion gets tilted as well, to wedge the occupant's hip in the seat.  

Autoliv has developed a sketch of possible seat angles for a forward collision position in a 

relaxed state.  The sketch is, like a recliner, equipped with a footrest and would thus be able 

to improve the discomfortable situation of the test subjects who expressed that he had been 

sitting more comfortably in the seat if it had a footrest. The sketch is available in Figure 37. 

The seatback angle has an inclination of 40° to the normal plane and the angle between the 

backrest and seat cushion and the angle between the seat cushion and footrest has angles 

based on the backrest’s, both at about 135°. By avoiding a displaced hip it should also be 

possible to maintain a good belt fit when the seat back is reclined. A seat position like the 

one proposed in Figure 37 should be taken into account when developing a seat that can be 

used in several positions, especially for reclined positions of the backrest.  
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Figure 37. Autoliv’s proposed solution of a comfortable relaxed position for the future car. 

For most car models on the market that has a belt mounted in the car's body, it is possible 

to adjust the height of the outlet position of the belt. This is a feature that is available to 

make it possible to adjust the belt into a more comfortable position. As shown in the results 

has configurations that have made the belt come near the neck been perceived as 

discomfortable. These have though been the safest positions of the belt because they have 

meant the best belt fits. If a seat manufacturer would want to make a positioning of a belt in 

seat appealing to as many people as possible, with the height of the proposed outlet position 

in mind, would an adjuster in the horizontal direction allow the displacement of the belt 

outlet into a, for every individual, comfortable position. To optimize the belt performance 

in a crash it would then have been possible to automatically shoot the belt along the rail 

against the neck of the occupant, to have the best belt fit. Of course there is a limit to how 

far out the outlet position could be allowed to be placed in, and of course there is a limitation 

by the car body. If the belt gets too far out in the y direction there is a risk that the belt could 

get "stuck" to the shoulder. 
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11 Conclusions 

The aim of this thesis has been to increase Autoliv’s knowledge regarding belt in seat 

installations with respect to how the occupants experience a belt in seat installed belt. The 

issues being the basis for the thesis were how the occupant's size affected the perception of 

comfort in an upright and reclined position of the seat back and how people of different 

sizes’ and different range of motions’ ability to reach the belt is affected by the belt being 

installed in the seat. 

To make a product available to a broad spectrum of customers, it is important to implement 

inclusive design. Inclusive design was therefore included in the study in which both the 

perceived comfort, mobility and accessibility of a three-point belt in seat installment were 

studied. Based on the comfort assessments of the belt, an optimal outlet position in the 

coordinate system used to evaluate comfort, was also proposed. The authors of this report 

thus consider the aim of this work as fulfilled since the study gave evidence to both answer 

the specified issues of this thesis but also to increase Autoliv's knowledge regarding belt in 

seat in other aspects. 

An important limitation of the results of the study is how the test subjects have chosen to 

make their evaluations of discomfort and limiting. This has been done in several different 

ways and been based on different factors. Moreover is the distribution of sitting heights and 

gender between the test participants of the study an important weakness because it founds a 

bias in the results. This has meant that it has not been possible to draw certain conclusions 

from the results. However has some clear trends been present, regardless of the sitting height 

of the subjects.  

The most commonly expressed feeling of discomfort has been that the belt has positioned 

too close to the neck. Some subjects have even expressed a feeling of chafing and cutting 

against the neck by the belt. These problems were present for all sizes of test subjects and 

primarily in coordinates near the seat. Another problem that has proved to be an underlying 

cause of discomfort is that the belt has been experienced as sliding off the shoulder, which 

was mainly a problem for the configurations in the upper left upper corner of the coordinate 

system. The configuration perceived as least discomfortable, for all body parts and test 

subjects, was positioned in the lower left corner of the coordinate system and was also 

suggested as a suitable positioning of an outlet of a belt in seat, from a comfort perspective. 

As for the mobility study conducted with a reversed geometry belt in seat, has too many 

dependent variables been found to have an effect on the results. The seats’ position relative 

to each other and how the test subjects have estimated the limiting by the belt are examples 

of dependent factors effecting the outcome. What became clear was that the majority of the 

test subjects did not feel limited by the belt during the movement but by their own bodies. 

The reverse belt geometry did cause large discomfort issues at the neck, even though it was 

not a parameter of the mobility study.  
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The results of the observations showed that the belt position of a belt in seat installation 

creates difficulties to reach the belt for all the configurations evaluated. Specific difficulties 

have been shown to be present for the coordinates that are closest to the seat and in the 

relaxed position. This has been a problem since, for example, the coordinates closest to the 

seat have fallen behind the shoulder of some large test participants, which forced strained 

movements of the shoulder when reaching for the belt. This is something that must be taken 

into account when designing a belt-in-seat installation and the problem could be solved by 

various "belt presenters". If the accessibility of the belt gets limited, it can lead to a decreasing 

use of the belt. 

An important conclusion of this thesis is that the seat’s design is as important to the customer 

experience of discomfort of the belt as the positioning of the outlet. The perceived comfort 

became, for several coordinates near the seat, significantly worse when the seat was reclined 

into the relaxed positon. The reason for the increased discomfort was, by several subjects, 

considered to be that the belt came too close to the neck. This is because the design of the 

seat used in the study caused the subjects hips and spines to slide forwards as the seatback 

was reclined and thus made the belt come closer to the neck. Many of the test subjects did 

also express that they sat very uncomfortably in the relaxed position. For this reasons could 

an inclination of the seat cushion besides the reclined seat back prevent the subjects from 

sliding forwards in the seat and increase both the perceived discomfort by the seat and the 

belt.  
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12 Recommendations  

The authors recommend that, as soon as possible, a group of people are put together that 

can complete this work regarding the groups that are underrepresented in the study, to verify 

the results that the study shows. Women with sitting heights corresponding to 5th to 50th 

%ile sitting heights needs, through direct selection, to be recruited to the study. To find 

women with these qualifications the group may be forced to search outside the company. 

Furthermore, it may be appropriate to also supplement the configurations that only a few or 

none of the different %ile groups have tried. Only when the work to supplement the groups 

and the different configurations are completed, it is possible to, from a stronger statistical 

perspective, reject or endorse the results of this study. 

To enable the amendments and proposals that this work suggests, a dialogue with the 

authorities needs to be initiated to review the legal requirements that currently control belt 

installations. In addition to dialogues with authorities, crash tests and simulations with the 

belt in seat and the discharge position proposed in this work need to be performed to enable 

confirmation or rejection of the conclusions of this thesis, from a safety perspective. 
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A: Body part discomfort charts  

The foundations of the methods currently used to evaluate subjective comfort in the 

automotive industry has roots in several different contexts, including the industry. Corlett 

and Bishop (1976) conducted a study in which investigations of factory workers’ perceived 

comfort in relation to their operations and how this changed during the day, were conducted. 

At certain intervals during the working hours the workers were asked to give a general 

assessment of their perceived discomfort of the situation by indicating the experience on a 

seven-point scale with "extremely comfortable" and "extremely discomfortable" on each side 

of the scale. After this, the workers were told to, on a body map in descending order, indicate 

the body parts in which the discomfort were most significant. By changing the settings of 

the workspaces and the machines for the workers and then have them provide updates of 

the perceived discomfort due to the new conditions, it was possible to achieve working 

circumstances that reduced employee absences due to repetitive strain injuries or other work-

related injuries 

Corlett and Bishop's (1976) study of discomfort has been an important base for the methods 

currently used in the automotive industry to evaluate discomfort and several researchers' 

work is based on these studies (e.g. Gyi and Porter, 1999; Porter et al., 2003; Mansfield et al., 

2014). In Gyi and Porter’s (1999) study, a scale based on Corlett and Bishop’s (1976) is used 

to evaluate whether pressure measurements in the cushion of car seats can be used to predict 

discomfort. A scale similar to that of Figure 38 was used to evaluate the perceived discomfort 

for each body part. The scale ranges from one to seven where one corresponds to very 

comfortable, two moderately comfortable, fairly comfortable three, four neutral, five slightly 

discomfortable, six moderately discomfortable and seven very discomfortable. 

 

Figure 38. Gyi and Porters (1999) body mapping chart of discomfort. 
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The same figure and scale to evaluate discomfort, in the same purpose as Gyi and Porter 

(1999), were used by Porter et al. (2003). However, the number of body parts on the map 

was increased to twenty. Porter et al.’s (2003) scale, which later has been named Porter's 

seven-point comfort rating scale, was used then in Mansfield et al.’s (2014) study in which 

test subjects were exposed to long vibration cycles to evaluate the vibration impact on the 

perceived discomfort over time. An average discomfort value for all body parts was also 

calculated as an estimate of the general discomfort. 

The use of Porter's seven-point comfort rating scale has given varied results. Advantages of 

the scale is that it is simple to understand, analyze and use and no training concerning the 

use of the scale is necessary (Porter et al., 2003). Gyi and Porter's (1999) study showed, 

however, that the test subjects experienced discomfort were not consistent with the areas of 

the body exposed to the highest pressure, for example in areas against the thighs and lower 

back. The reason for this is, in contrast to Porter et al.'s (2003) experience of simplicity in 

the scale, as per Gyi and Porter's (1999), that the test subjects were not sufficiently trained in 

how to feel and identify those areas where the discomfort actually was located. The use of 

Porter's seven-point comfort rating scale were in Gyi and Porter’s (1999) case highly 

misleading. 

Scales like Porter's seven-point comfort rating scale has been used by several researchers in 

the automotive industry. Among others, Smith et al. (2015) used a scale much like Porter's 

to analyze the perceived driver discomfort at elevated and standardized position of the driver 

seat in a vehicle simulator. The verbal anchors used to meet the numbering of the scale were 

taken from the ISO 2631-1 (1997), which is a standard for evaluation of exposure to whole-

body vibration. The scale is numbered one to six where one is not uncomfortable, two 

slightly uncomfortable, three fairly uncomfortable, four uncomfortable, five very 

uncomfortable and six extremely uncomfortable. Also in Falou et al.’s (2003) study, a body 

mapping scale was used to evaluate the discomfort of various body parts. In this case, the 

methods were used to, like Smith et al. (2015) and Mansfield, et al. (2015), evaluate the 

perceived discomfort during long-term tests. In the study, the test subjects first graded the 

overall perceived discomfort on a scale from one to ten and then estimated the local 

discomfort in 36 different body zones along with the perceived type of discomfort, such as 

vibration, pressure, heat, cramps, or tingling. Before the study began the test participants 

were trained in the use of the different scales. The methodology for the study was obtained 

from Grabish et al.’s (2002) study where the aim was to analyze the feeling of discomfort 

and to understand its causes and influencing factors. 
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B: Pictures of benchmarked car models 

BMW M6 Grand Coupé 
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Ford B-Max 
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Tesla Model X 

 

   
 
 
 



User perceptions of belt in seat installations 

Appendix B:4 

 
Volkswagen Amarok 
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C: Test Data 

Test subjects 
 

Subject 

No Gender Stature (mm)   
Sitting Height 

(mm) 
Size BMI Age 

1 Female 1500 Group 1 785 5th %ile 26-30 47 

2 Female 1640 Group 2 900 95th %ile 26-30 37 

3 Male 1820 Group 3 975 95th %ile 26-30 46 

4 Male 1860 Group 3 985 >95th %ile 19-25 26 

5 Female 1765 Group 3 930 >95th %ile 19-25 45 

6 Male 1875 Group 3 960 95th %ile 19-25 52 

7 Male 1810 Group 3 930 50th %ile<X<95th %ile 19-25 25 

8 Male 1770 Group 3 920 50th %ile 19-25 54 

9 Female 1770 Group 3 920 95th %ile <19 24 

10 Male 1810 Group 3 945 95th %ile 19-25 25 

11 Male 1720 Group 2 900 50th %ile 26-30 54 

12 Female 1730 Group 3 925 >95th %ile 19-25 29 

13 Female 1680 Group 2 870 50th %ile<X<95th %ile 19-25 54 

14 Male 1815 Group 3 960 95th %ile 19-25 49 

15 Female 1690 Group 2 870 50th %ile<X<95th %ile 19-25 27 

16 Male 1850 Group 3 995 >95th %ile >30 57 

17 Female 1650 Group 2 895 95th %ile 19-25 30 

18 Male 1860 Group 3 1000 >95th %ile 19-25 33 

19 Female 1715 Group 3 915 95th %ile 19-25 45 

20 Female 1585 Group 1 835 5th %ile<x<50th %ile 19-25 61 

21 Female 1630 Group 2 890 50th %ile<x<95th %ile 19-25 51 
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22 Male 1785 Group 2 900 50th %ile 26-30 63 

23 Female 1680 Group 2 880 50th %ile<x<95th %ile 19-25 50 

24 Male 1850 Group 3 935 50th %ile<x<95th %ile 26-30 50 

25 Female 1645 Group 2 875 50th %ile<x<95th %ile 19-25 40 

26 Female 1675 Group 2 880 50th %ile<x<95th %ile 19-25 50 

27 Female 1620 Group 1 825 55th %ile<x<50th %ile 26-30 52 

28 Male 1720 Group 3 920 50th %ile 19-25 32 

29 Male 1710 Group 2 890 5th %ile<x<50th %ile 26-30 35 

30 Female 1690 Group 2 895 95th %ile 19-25 40 

31 Male 1740 Group 3 950 95th %ile >30 42 

32 Male 1850 Group 3 970 95th %ile 19-25 46 

33 Male 1840 Group 3 960 95th %ile 26-30 47 

34 Female 1710 Group 2 890 50th %ile<x<95th %ile 19-25 49 

35 Male 1830 Group 3 940 50th %ile<x<95th %ile 19-25 70 

36 Male 1745 Group 2 900 50th %ile 26-30 39 

37 Female 1675 Group 2 890 50th %ile<x<95th %ile 19-25 34 

38 Female 1680 Group 1 845 50th %ile 19-25 31 

39 Male 1845 Group 3 940 50th %ile<x<95th %ile 19-25 36 

40 Male 1860 Group 3 970 95th %ile 19-25 31 

41 Male 1740 Group 3 920 50th %ile >30 42 

42 Female 1650 Group 2 870 50th %ile<x<95th %ile 26-30 52 

43 Male 1850 Group 3 980 95th %ile 19-25 39 

44 Male 1720 Group 2 895 50th %ile 26-30 30 

45 Male 1845 Group 3 965 95th %ile 26-30 48 

46 Female 1590 Group 1 830 5th %ile<x<50th %ile 19-25 22 

47 Male 1700 Group 3 915 50th %ile >30 56 

48 Male 1820 Group 3 935 50th %ile<x<95th %ile 19-25 47 
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49 Male 1780 Group 3 935 50th %ile<x<95th %ile 26-30 40 

50 Female 1555 Group 2 860 50th %ile 19-25 54 

51 Male 1850 Group 3 990 >95th %ile 26-30 28 

52 Female 1670 Group 2 890 50th %ile<x<95th %ile 19-25 29 

53 Female 1695 Group 2 875 50th %ile<x<95th %ile 19-25 55 

54 Male 1755 Group 3 935 50th %ile<x<95th %ile 19-25 37 

55 Female 1575 Group 1 840 50th %ile 19-25 49 

56 Male 1805 Group 3 930 50th %ile<x<95th %ile 19-25 61 

57 Male 1815 Group 3 945 95th %ile 26-30 46 

58 Female 1710 Group 2 895 95th %ile 19-25 40 

59 Male 1710 Group 2 895 50th %ile <19 22 

60 Female 1765 Group 3 925 >95th %ile 19-25 23 

61 Male 1840 Group 3 935 50th %ile<x<95th %ile 26-30 53 

62 Male 1770 Group 3 940 50th %ile<x<95th %ile 19-25 27 

63 Male 1870 Group 3 962 95th %ile 19-25 51 

64 Male 1790 Group 2 890 5th %ile<x<50th %ile 26-30 61 

65 Female 1600 Group 2 850 50th %ile >30 47 

66 Male 1780 Group 3 945 95th %ile 19-25 23 

67 Female 1690 Group 2 900 95th %ile 19-25 37 

68 Male 1835 Group 3 955 95th %ile 26-30 44 

69 Male 1810 Group 3 965 95th %ile 26-30 39 

70 Female 1560 Group 2 870 50th %ile<x<95th %ile 19-25 29 

71 Male 1710 Group 2 895 50th %ile 19-25 25 

72 Male 1800 Group 3 945 95th %ile 26-30 64 

73 Male 1690 Group 2 880 5th %ile<x<50th %ile 19-25 52 

74 Male 1855 Group 3 955 95th %ile 19-25 37 

75 Male 1759 Group 2 895 50th %ile 19-25 33 
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76 Male 1820 Group 3 930 50th %ile<x<95th %ile >30 41 

77 Male 1790 Group 3 915 50th %ile 19-25 45 

78 Female 1670 Group 2 860 50th %ile 19-25 48 

79 Male 1860 Group 3 935 50th %ile<x<95th %ile 19-25 44 

 
Test matrix 
 

Subject RIG Passenger seat  Driver seat 

No 
Config. 

1 
Config. 

2 
Config. 

3 
Config. 

4 
Config. 

5 
Config. 

6 
Config. 

7 
Config. 

8 
Config. 

9 
Config. 

10 

1 c7v2 c7v1 c9v1 c8v1 2 3 1 1 2 3 

2 c4v2 c9v1 c8v1 c6v1 1 3 2 3 2 1 

3 c2v1 c4c1 c1v2 c7v2 1 3 2 2 3 1 

4 c3v1 c8v1 c9v1 c6v1 3 2 1 3 2 1 

5 c5v1 c6v1 c8v1 c3v2 2 3 1 2 1 3 

6 c5v2 c3v1 c6v1 c5v1 1 2 3 3 2 1 

7 c3v1 c4c1 c6v1 c9v2 3 2 1 2 3 1 

8 c2v2 c1v1 c8v2 c5v2 1 2 3 2 3 1 

9 c3v2 c1v1 c2v2 c6v2 1 2 3 3 2 1 

10 c4c1 c5v1 c7v1 c1v1 3 2 1 2 1 3 

11 c5v2 c6v2 c4v2 c1v2 3 2 1 1 3 2 

12 c6v2 c5v2 c1v1 c1v2 1 3 2 2 3 1 

13 c7v2 c2v1 c8v2 c4v2 3 1 2 1 3 2 

14 c3v1 c8v1 c9v1 c6v1 2 1 3 2 1 3 

15 c2v1 c6v2 c5v1 c5v2 2 3 1 1 3 2 

16 c5v2 c4c1 c9v1 c7v1 1 2 3 1 3 2 

17 c4v2 c1v2 c1v1 c7v2 3 1 2 3 2 1 

18 c3v1 c1v1 c9v2 c6v2 1 2 3 2 1 3 
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19 c9v2 c8v2 c1v1 c7v2 2 3 1 3 2 1 

20 c5v2 c7v2 c2v2 c4v2 3 1 2 2 3 1 

21 c1v2 c4v2 c9v1 c7v2 2 3 1 2 1 3 

22 c9v1 c6v1 c1v2 c5v1 2 1 3 1 3 2 

23 c9v1 c1v2 c6v1 c4v2 3 1 2 1 2 3 

24 c3v1 c9v2 c4c1 c8v1 2 1 3 3 1 2 

25 c4c1 c1v1 c9v2 c5v2 2 1 3 2 1 3 

26 c1v2 c3v2 c7v1 c6v2 2 1 3 1 2 3 

27 c5v2 c1v1 c4c1 c7v1 1 3 2 1 2 3 

28 c2v1 c5v1 c9v1 c3v2 3 1 2 3 2 1 

29 c8v2 c9v2 c6v2 c3v2 1 3 2 2 1 3 

30 c7v2 c6v2 c4c1 c5v1 1 2 3 3 1 2 

31 c5v2 c7v1 c1v1 c2v1 2 1 3 1 2 3 

32 c9v2 c1v1 c6v1 c6v2 1 3 2 3 1 2 

33 c3v2 c2v2 c3v1 c6v1 2 3 1 2 1 3 

34 c2v1 c6v2 c4v2 c9v2 3 2 1 1 3 2 

35 c6v1 c4v2 c3v2 c8v2 1 2 3 3 1 2 

36 c6v1 c8v2 c7v2 c4v2 3 2 1 3 1 2 

37 c7v2 c1v2 c9v1 c7v1 3 2 1 2 3 1 

38 c3v2 c7v2 c2v1 c2v2 3 1 2 2 1 3 

39 c1v1 c8v1 c5v1 c7v2 2 1 3 2 3 1 

40 c9v2 c4c1 c7v2 c3v1 2 1 3 2 1 3 

41 c4v2 c5v2 c7v1 c3v2 1 2 3 3 1 2 

42 c8v1 c3v2 c4c1 c2v2 1 3 2 3 1 2 

43 c1v2 c1v1 c3v1 c8v1 2 1 3 3 1 2 

44 c8v1 c2v2 c8v2 c3v1 3 1 2 2 3 1 

45 c1v1 c2v2 c8v1 c2v1 3 1 2 1 3 2 
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46 c4v2 c1v1 c7v2 c5v1 2 3 1 2 1 3 

47 c9v2 c3v2 c1v2 c8v2 2 1 3 2 3 1 

48 c6v2 c8v2 c3v2 c4c1 3 2 1 3 2 1 

49 c7v1 c2v1 c1v1 c4v2 3 2 1 2 3 1 

50 c4c1 c8v1 c6v1 c1v1 3 2 1 1 2 3 

51 c7v2 c7v1 c9v1 c5v1 1 3 2 2 1 3 

52 c9v2 c3v2 c6v2 c5v2 2 3 1 1 3 2 

53 c5v2 c7v2 c9v2 c8v1 3 1 2 2 1 3 

54 c1v2 c2v1 c8v2 c9v1 2 3 1 2 3 1 

55 c3v1 c4v2 c6v1 c1v2 1 2 3 3 1 2 

56 c2v2 c1v2 c8v1 c3v1 3 2 1 1 3 2 

57 c7v2 c4v2 c5v2 c3v2 1 2 3 2 3 1 

58 c9v2 c6v2 c3v1 c6v1 3 2 1 1 2 3 

59 c2v1 c6v1 c4v2 c7v2 2 1 3 1 3 2 

60 c4c1 c7v1 c1v1 c8v2 1 2 3 2 1 3 

61 c1v1 c5v1 c3v2 c5v2 3 1 2 2 3 1 

62 c6v1 c3v1 c9v2 c4v2 1 3 2 3 2 1 

63 c1v1 c5v2 c7v2 c4v2 1 2 3 1 3 2 

64 c9v2 c1v1 c6v2 c1v2 2 3 1 1 3 2 

65 c9v1 c3v1 c1v2 c8v1 2 3 1 3 2 1 

66 c2v1 c9v2 c8v1 c2v2 3 2 1 3 1 2 

67 c7v1 c1v2 c7v2 c5v2 2 1 3 3 2 1 

68 c4c1 c7v2 c8v2 c9v2 3 2 1 2 1 3 

69 c6v2 c1v1 c4c1 c4v2 1 3 2 1 3 2 

70 c8v1 c1v1 c5v1 c3v2 3 2 1 3 2 1 

71 c8v2 c9v2 c9v1 c6v1 3 2 1 1 3 2 

72 c9v1 c5v2 c2v2 c1v1 3 2 1 2 1 3 
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73 c8v1 c2v2 c1v2 c7v1 2 1 3 2 1 3 

74 c7v1 c8v1 c1v1 c4c1 2 3 1 2 1 3 

75 c6v1 c4v2 c5v1 c9v1 3 2 1 2 3 1 

76 c5v2 c6v1 c4c1 c1v1 1 2 3 2 3 1 

77 c5v2 c4c1 c7v1 c1v2 1 3 2 3 2 1 

78 c2v1 c2v2 c8v2 c8v1 3 1 2 1 2 3 

79 c5v2 c8v1 c1v2 c8v2 2 1 3 3 1 2 
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D: Spring forces 

The upper red parts of the curves in the charts corresponds to the measured spring forces 
during retraction of the belt while the lower parts of the curves corresponds to the spring 
force during ejection of the belt. 
 

Spring force used in belt on the driver side of the car. 

 

Spring force used in belt on the passenger side of the car and in the rig. 
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E: Questionnaire 

Test setup 1  
Do you experience any discomfort at the following points during this test configuration?  
 
          Shoulder                        Neck             Chest  

                                         
 
Test setup 2 
Do you experience any discomfort at the following points during this test configuration?  
 
          Shoulder                        Neck             Chest  
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Test setup 3 
Do you experience any discomfort at the following points during this test configuration?  
 
          Shoulder                        Neck             Chest  

                                         
 
Test setup 4  
Do you experience any discomfort at the following points during this test configuration?  
 
          Shoulder                        Neck             Chest  
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Test setup 5 
Do you feel that you can perform this movement fully? 
 

 
 
 
 
 
Test setup 6 
Do you feel that you can perform this movement fully? 
 

 
 
 
 
 
Test setup 7 
Do you feel that you can perform this movement fully? 
 

 
  

No limitations, I can 

perform the 

Very high degree of 

limitation, I cannot 

Acceptable, I can 

perform the movement 

No limitations, I can 

perform the 

Very high degree of 

limitation, I cannot 

Acceptable, I can 

perform the movement 

No limitations, I can 

perform the 

Very high degree of 

limitation, I cannot 

Acceptable, I can 

perform the movement 
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Test setup 8 
Do you feel that you can perform this movement fully? 
 

 
 
 
 
 
Test setup 9 
Do you feel that you can perform this movement fully? 
 

 
 
 
 
 
Test setup 10 
Do you feel that you can perform this movement fully? 
 

 
 
 
 
 

No limitations, I can 

perform the 

Very high degree of 

limitation, I cannot 

Acceptable, I can 

perform the movement 

No limitations, I can 

perform the 

Very high degree of 

limitation, I cannot 

Acceptable, I can 

perform the movement 

No limitations, I can 

perform the 

Very high degree of 

limitation, I cannot 

Acceptable, I can 

perform the movement 
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F: Interview form 

Welcome.  
 
In the future autonomous cars Autoliv expects that the customers will want to travel in 
alternative positions then the forward and upright, such as backwards by rotation of the seat 
from the forward-facing position or in a relaxed position where the seat is tilted backwards. 
This is because the customer will no longer need to have as much influence on the driving 
of the vehicle as in today’s car. These new seating positions puts high demands on the belt 
installation and it will, for example, not be possible to mount it in the B pillar if the seat is 
supposed to be rotated, as the passenger then will risk getting the belt twisted around his/her 
neck. One of the solutions to this problem is to mount the belt in the seat instead. Moving 
the belt from the b-pillar to the seat might mean that comfort is perceived differently by the 
passenger. The purpose of this work is therefore to increase Autoliv’s knowledge of whether 
this new type of belt installation will affect the perceived comfort. The work is part of our 
thesis that we do here at Autoliv. 
 
You will now get to try four different configurations in which the seat-back angle or the seat 
belt outlet position will change. After each configuration is set, we will ask you to put on the 
belt and then answer how discomfortable you perceive the situation, regarding your shoulder, 
your neck and your chest by putting a line on the scale, not a cross, which meets your 
experience. We will also you ask why you put the line where you did, just for analysis purpose. 
You are free to put your line wherever on the scale you want. We will then ask you to take 
off your belt four us to be able to change to the next configuration. 
 
We will take a picture of you in the rig at each configuration, for analysis purpose only. The 
image may be published or used in various public contexts but you will then be 
depersonalized from the image. Is this OK for you? 
 
YES  NO  
 
 
Once you have answered the questions we will measure the distance between your sternum 
and the middle of the belt, also for analysis purpose and for us to know how well the belt 
have fitted you. 
 
When you answer the questions we want you to do it based on how you perceive the situation 
right now, not from a future perspective or another scenario, just right now as you sit here 
in the rig. Your answers and statements that you make now during study will be completely 
anonymous. Information and measurements that we will take notes of will not be linked to 
you. You are free to say exactly what you feel. 
 
In order to ensure that all test participants have the same pre-conditions to answer the 
questions, we will ask you to change into a t-shirt and then sit down in the rig. 
 
If everything is okay and you feel ready, we can begin. 

 
  



User perceptions of belt in seat installations 

Appendix F:2 

Test setup 1 
Do you experience any discomfort at the following points during this test configuration? 
Why? 
 
Shoulder: 
______________________________________________________________________ 
Neck: 
______________________________________________________________________ 
Chest: 
______________________________________________________________________ 
Distance from the sternum to the center of the belt: ___ [mm] 
 
Test setup 2 
Do you experience any discomfort at the following points during this test configuration? 
Why? 
 
Shoulder: 
______________________________________________________________________ 
Neck: 
______________________________________________________________________ 
Chest: 
______________________________________________________________________ 
Distance from the sternum to the center of the belt: ___ [mm] 
 
Test setup 3 
Do you experience any discomfort at the following points during this test configuration? 
Why? 
 
Shoulder: 
______________________________________________________________________ 
Neck: 
______________________________________________________________________ 
Chest: 
______________________________________________________________________ 
Distance from the sternum to the center of the belt: ___ [mm] 
 
Test setup 4 
Do you experience any discomfort at the following points during this test configuration? 
Why? 
 
Shoulder: 
______________________________________________________________________ 
Neck: 
______________________________________________________________________ 
Chest: 
______________________________________________________________________ 
Distance from the sternum to the center of the belt: ___ [mm] 
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Now we are done with the part of the study that takes place in the rig and we will now ask 
you to move to the passenger seat of the car. 
 
In this environment you will be reaching for three different points that is marked in the car. 
Try to touch the marks. If it is not possible for you to reach the marks, we still want you 
reach as far forward toward the marks as you can. After you have reached for the marks we 
want you to sit neutrally back in the seat again. After the movement, you will get to answer 
the question “if you could make the movement fully or if you feel that you were restricted 
by the belt during the movement”, by putting a line on this scale, not a cross, which meets 
your experience. We will then ask why you placed the line where you did, just for analysis 
purpose. You are free to put your line wherever on the scale you want. 
 
Before we begin we would like you to adjust the seat in a way that you sit comfortably as a 
passenger. You can change the seat position forwards and backwards but you are not allowed 
to change the angle of the seat-back or move the seat upwards or downwards. When you are 
finished you can put on the belt. Hanna will now measure how much belt that has been 
ejected when you wear the belt, just for purpose of analysis. [Hanna T measures the belt 
excerpt] 
 
The points we will ask you to reach for are the following…: [Hanna K shows]. 
If everything is okay and you feel ready, we begin. Would you please reach for the following 
point...? 
 
 
Test setup 5 
Measured length of used belt: _ [mm] 
Do you feel that your movement is limited by the belt? Why? 
______________________________________________________________________ 
 
______________________________________________________________________ 
 
______________________________________________________________________ 
 
Test setup 6 
Do you feel that your movement is limited by the belt? Why? 
______________________________________________________________________ 
 
______________________________________________________________________ 
 
______________________________________________________________________ 
 
Test setup 7 
Do you feel that your movement is limited by the belt? Why? 
______________________________________________________________________ 
 
______________________________________________________________________ 
 
______________________________________________________________________ 
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We will now ask you to move to the driver seat.  
 
Before we begin we would like you to adjust the seat in a way that you sit comfortably as a 
driver. You can change the seat position forwards and backwards but you are not allowed to 
change the angle of the seat-back or move the seat upwards or downwards. When you are 
finished you can put on the belt.  
 
The same test execution that has just performed on the passenger side will now be carried 
out here and similar points are located at approximately the same distances as before, but on 
the other side of the car.  
 
The points we will ask you to reach for at this side of the car are the following…: [Hanna K 
shows]. 
 
If everything is okay and you feel ready, we begin. Would you please reach for the following 
point…? 
 
Test setup 8 
Do you feel that your movement is limited by the belt? Why? 
______________________________________________________________________ 
 
______________________________________________________________________ 
 
______________________________________________________________________ 
 
Test setup 9 
Do you feel that your movement is limited by the belt? Why? 
______________________________________________________________________ 
 
______________________________________________________________________ 
 
______________________________________________________________________ 
 
Test setup 10 
Do you feel that your movement is limited by the belt? Why? 
______________________________________________________________________ 
 
______________________________________________________________________ 
 
______________________________________________________________________ 
 
We are no finished with the study and we would like to thank you for your participation   
 


