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ABSTRACT 
The emphasis of this master’s thesis is to develop a virtual method for determining the amount of space 
(e.g. headroom or kneeroom) that is needed in order for a person of a certain height to sit comfortably 
in the rear seat (2nd row) of a car. The method is developed using a tool for ergonomic analyses, 
RAMSIS, where so called manikins (digital human models) are used to evaluate the roominess of the 
rear seat. The project is carried out on behalf of Volvo Car Corporation’s ergonomics department in 
Gothenburg.  
 
The exterior design of cars has a big impact on the amount of interior space that is available. In recent 
years the general trend in car design has consisted of more dynamic appearances, which often leads to 
lower roofs and smaller windows. How does this affect the perceived roominess in the car? How does 
the perceived roominess differ from the physical? Are there other factors besides that of the amount of 
actual physical space? To be able to answer questions like these in an early stage of the car development 
process, when the car is still only existing in the computer as a virtual model, can be very beneficial. In 
addition, the need for physical prototypes can be reduced which would shorten the development time 
and reduce development costs. 

Today the ergonomics department at Volvo Car Corporation use RAMSIS to analyse the driver’s 
posture and motion. However, due to the fact that the program has problems mirroring realistic seating 
positions in the rear seat, a virtual method (for use in RAMSIS) is needed to better position manikins 
in the rear seat and to be able to tell who can fit comfortably. 

A clinic, which is the basis for the development of the virtual method, has been conducted with a total 
of 60 test participants. Objective data in the form of physical measurements, and subjective data through 
a survey regarding perceived roominess was gathered regarding seating positions in the rear seat. From 
the data it was possible to see correlations between perceived and physical roominess which would help 
derive measurements corresponding to specific ratings. In this sense it was possible to determine how 
much room one needed for a specific rating.    
 
The virtual method was created through an iterative process where analysis of the clinic results together 
with extensive testing in RAMSIS was the key. The result is a step by step guide for virtual roominess 
evaluation where a chosen manikin can be positioned in the rear seat of a chosen car model. Thus, it is 
possible to see how tall of a manikin that will fit and also how well it fits in terms of a score on a specific 
scale. 
 
 
KEYWORDS: Automotive ergonomics, roominess, method development, RAMSIS, clinic 

 

  



 

 

SAMMANFATTNING 
Tyngdpunkten i detta examensarbete är att utveckla en virtuell metod som ska bestämma hur mycket 
utrymme (till exempel huvudutrymme eller knäutrymme) som krävs för en person av en viss längd ska 
kunna sitta bekvämt i baksätet (andra raden) i en bil. Metoden är utvecklad genom att använda en 
mjukvara för ergonomiska analyser, RAMSIS, där så kallade manikiner (digitala människor) används 
för att utvärdera utrymmet i baksätet. Projektet är utfört på uppdrag av Volvo Personvagnars 
ergonomiavdelning i Göteborg. 
 
Den exteriöra designen på en bil har en stor påverkan på det invändiga utrymmet. De senaste åren har 
den generella trenden inom bildesign varit mer dynamiska utformningar vilket ofta har lett till lägre tak 
och mindre fönster. Hur påverkar detta den upplevda rymlighetskänslan i bilen? Finns det andra faktorer 
än det rent fysiska utrymmet? Att kunna svara på frågor som de här i ett tidigt stadie i en 
utvecklingsprocess för en bil, då den fortfarande bara finns som virtuell modell i datorn, kan vara 
mycket gynnsamt. Utöver detta så kan behovet av fysiska prototyper minskas vilket skulle innebära 
kortare utvecklingstider och lägre kostnader. 
 
Idag använder ergonomiavdelning på Volvo Personvagnar RAMSIS för att analysera förarens hållning 
och rörelse. Men på grund av det faktum att programmet har problem att spegla realistiska sittpositioner 
i baksätet så behövs en virtuell metod (för användning i RAMSIS) för att bättre positionera manikiner 
i baksätet och för att kunna berätta vem som får plats bekvämt.  
 
En klinik, som är grunden för utvecklandet av den virtuella metoden, genomfördes med totalt 60 
testpersoner. Objektiv data i form av fysiska uppmätningar, och subjektiv data genom en enkät gällande 
upplevd rymlighetskänsla, samlades in gällande sittpositioner i baksätet. Utifrån dessa data var det 
möjligt att se samband mellan upplevd och fysisk rymlighet vilket kunde hjälpa härleda mått som 
motsvarar särskilda betyg. I denna mening var det möjligt att bestämma hur mycket utrymme man 
behöver för ett visst betyg.  
 
Den virtuella metoden skapades genom en iterativ process där analys av klinkresultat tillsammans med 
omfattande testning i RAMSIS var centralt. Resultatet blev en steg för steg guide för virtuell utvärdering 
av rymlighet där en utvald manikin kan positioneras i baksätet på en bilmodell. I och med det är det 
möjligt att dels se hur lång manikin som får plats och även hur väl den får plats genom ett betyg på en 
viss skala. 
 
 
NYCKELORD: Fordonsergonomi, rymlighet, metodutveckling, RAMSIS, klinik 
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ABBREVIATIONS 
CAD - Computer Aided Design 
CATIA V5 - Computer Aided Three-dimensional Interactive Application 
RAMSIS - Rechnergestütztes Anthropometrisches Menschmodell zur Insassen-Simulation (Computer-
Based, Anthropometric Human Model for Passenger Simulation) 
TP - Test participant 
 
 

GLOSSARY 
Physical roominess - The actual amount of space that an object (i.e. human) occupies. This is an 
objective value, i.e. it depends solely on the person’s anthropometrics and the amount of space 
available.  
Perceived roominess - The perceived amount of space according to the individual. This is a subjective 
value depending on the individual’s interpretation.    
Clinic – An experimental study performed to get data on certain aspects.  
Manikin - A three-dimensional model of the human body portrayed either physically or digitally. When 
portrayed digitally it is done so with the help of CAD. 
Ergobuck - A rapid prototype or mock-up made in closed cell polyurethane foam used for physical 
evaluation of the car.   
Percentile (%ile) - A value (0-100%) that divides a group so that one part of the data falls below that 
value and the other part falls above it.  
Occupant packaging - Refers to how a vehicle is designed to accommodate the needs of a specific 
range of drivers and passengers. Furthermore, packaging refers to the placement of components and 
systems (e.g. powertrain, chassis & electrical) in the vehicle space/architecture. 
 
If abbreviations or words in the text are not explained, then refer to this page. 
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1 INTRODUCTION 
Who fits in the rear seat of a car? is a master’s thesis that focuses on developing a method of how to 
use RAMSIS, a virtual human manikin simulation program, for determining how much space one 
requires in order to sit comfortably in the rear seat of a vehicle. The data needed to create the method 
is based on a clinic that investigates how people of different sizes sit in the rear seat as well as the 
relationship between perceived and physical roominess in the rear seat. The project is performed during 
the spring of 2015 by two students studying Industrial Design Engineering with specialization in 
product design at Luleå University of Technology (LTU). The thesis is conducted at the Volvo Car 
Corporation (VCC) in Gothenburg by request of their ergonomics department. 
 
 
1.1 PROJECT INCENTIVES 
During the last decade, there has been a trend in vehicle design to create more dynamic designs with 
lower car roofs1. This, however, directly affects the available headroom in the rear seat of the cars, 
which is a problem. In addition, the relationship between physical and perceived roominess is not 
always trivial, since different people can rate a specific amount of room differently. As the automotive 
market is highly competitive and customer satisfaction is of great importance, there is a need for a tool 
that can show, in the early project phase, how the physical and perceived roominess are affected by the 
exterior and interior design of the vehicle. By doing so, it would be possible to determine how much 
headroom a certain individual would need in the rear seat and thus perhaps be able to decide how low 
the roof should be.  
 
Today the ergonomics department at VCC conduct expert evaluations of every Volvo car model and 
the competing models in the same class from other manufacturers. The evaluations give a thorough 
ergonomic overview of the cars, including the perceived roominess, and how the Volvos hold up against 
the competition. These evaluations are made with help of physical mock-ups (known as ergobucks) 
when the car design is nearly finished, which makes it hard to correct any design flaws concerning 
roominess found during the evaluations. However, with help of a virtual tool one can predict such results 
in a much earlier stage in the development of the car. Such a tool already exists by the name of RAMSIS 
and is today used by the VCC ergonomics department. Yet, there is a problem, as the positioning of 
manikins in the simulation program does not seem to mirror realistic sitting positions in the rear seat 
very well1. Thus, in essence, by understanding how RAMSIS works and how individuals sit and 
perceive roominess (in comparison to how much room actually exists) in the rear seat of a car, one can 
better position manikins and evaluate roominess in the rear seat in RAMSIS.   
  
 
1.2 PROJECT STAKEHOLDERS 
The primary stakeholder for this thesis work is the department of ergonomics at Volvo Car Corporation, 
as they act as both the employer and the client or beneficiary for the project. The results from the thesis 
work can provide the ergonomics department with a better understanding of the relationship between 
the perception of rear seat space and the actual (i.e. physical) rear seat space in a car. Furthermore, the 
virtual roominess method produced in the thesis work can enhance the way one examines roominess in 
the rear seat of a car. The project’s secondary stakeholders or final target audience, which are VCC’s 
primary stakeholders, are the customers that will use the Volvo cars rear seat. By enhancing the 
understanding and process of determining the necessary space for comfortable rear seating for the target 
customer, VCC can improve customer satisfaction.   
  

                                                        
1 Pernilla Nurbo (Ergonomics, VCC) – Supervisor at Volvo Car Corporation, interviewed spring of 2015. 
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1.3 PROJECT OBJECTIVES AND AIMS 
The aim of this project is to create a method for defining a car’s rear seat roominess in the virtual 
environment of RAMSIS- a digital manikin simulation software. Furthermore, the aim of the method 
is to be able to better position manikins in the rear seat and to be able to better judge who can fit 
comfortably in the rear seat based on one’s anthropometrics, how one sits in the rear seat and the 
relationship between perceived and physical roominess in the rear seat. In turn, the objective of this is 
to be able to evaluate the rear seat roominess in an early stage of the car development process. By doing 
so one will save both time and money as well as with time be able to reduce the use of ergobucks.  
 
Presented below are the research questions that were used with regard to the project’s theoretical 
framework in order to better understand the underlying factors concerning roominess in the rear seat of 
the car. These questions were considered essential for the development of the virtual method.  
 

• Which critical parameters affect the physical and perceived roominess in the rear seat of the car? 
 

• In reference to both the physical and perceived roominess, how much space is needed for comfortable 
rear seating for each percentile (5%ile, 10%ile,..., 90%ile, 95%ile)? 

 
 
1.4 PROJECT DELIMITATIONS  
All work in this project is restricted to the roominess of the cars’ rear outer seats (second row). The cars 
that will be used in the study will be limited to three and will cover the biggest respectively the smallest 
Volvo car segments. In addition, with regard to perceived roominess, the effect of interior colour will 
not be studied due to time limitation and since it is not a priority. Also, the use of different clinic 
scenarios is crossed out due to lack of time.   
 
Another delimitation for this project is that the amount of test subjects in total for all three cars will be 
no more than 60, due to time limitation. However, this is enough to encompass all the different 
percentiles (from 5%ile to 95%ile) and provide valid results.  
 
 
1.5 THESIS OUTLINE 
Chapter 1 contains an introduction to this report and thesis work.  
 
Chapter 2 covers the theoretical framework that this project in based on.  
 
Chapter 3 describes how the thesis work has been conducted, i.e. the methodology of the thesis work.  
 
Chapter 4 presents the results and analysis from the clinic and method development. In addition, some 
results are directly discussed.  
 
Chapter 5 discusses any reflections from the previous chapters or in general from the course of the 
thesis work. In addition, the project relevance and future recommendations are discussed.  
 
Chapter 6 draws any conclusions from the thesis work by trying to answer the initial research questions 
and discuss the project objectives and aims. 
  



 

3 
 

2 THEORETICAL FRAMEWORK 
This chapter describes the literature review conducted in this thesis work. Relevant knowledge 
regarding this thesis work has been gathered and documented below. 
 
 
2.1 INDUSTRIAL DESIGN ENGINEERING 
According to Dym et al. (2005) design has an important role in engineering and it helps engineers to 
design good products that meet customer needs. There are many different definitions of design thinking- 
and engineering. Dym et al. (2005) defines it as the following: “Engineering design is a systematic, 
intelligent process in which designers generate, evaluate, and specify concepts for devices, systems, or 
processes whose form and function achieve clients’ objectives or users’ needs while satisfying a 
specified set of constraints.” Smets & Overbeeke (1994) argues that industrial design engineers are 
mainly educated in mathematics, computing and engineering. Technical and technological knowledge 
is needed as well as the ability to understand the expressiveness of products, i.e. the way the consumer 
understands the product.  
 
Micheli et al. (2012) describe industrial design as a key factor in the development of new products that 
can lead to better products for the customer. Unfortunately, the industrial designers’ “design-thinking” 
can be difficult to integrate with the managers and other members of a product development team. The 
problem lies with the designers’ different way of approaching problems and in addition, other team 
members may even feel like the designer is speaking another language. Due to this, there is a need to 
better understand these differences so that design can be more successfully integrated in the product 
development process. Different kinds of professionals in a development team have different perceptions 
of design. Therefore, it is important that industrial designers work more closely with managers, 
technologists and engineers. According to Micheli et al. (2012) further investigation is needed in order 
to successfully integrate industrial design into product development.  
 
As stated by de Vere et al (2009) conflicts can also occur between engineers and industrial designers. 
Ultimately, this has led to the industrial design engineering programs that exists in universities today, 
where the knowledge from both areas are combined. Furthermore, in addition to being interdisciplinary, 
industrial design engineers need to focus on the solution and design creative and ergonomic products 
with the human in mind. Ergonomics in the automotive industry is, as stated by Woodcock & Galer 
Flyte (1998), fundamental when designing a successful car model. Ensuring good ergonomics will 
likely lead to high customer satisfaction and increased functionality of the product. Cifter et al. (2013) 
also states that ergonomics is considered vital in the industrial design practice. It is needed to improve 
the overall system performance by enhancing human-machine interaction and working conditions. 
Thus, it is also fundamental in the industrial design engineering education.  
 

2.2 ANTHROPOMETRY 
According to Pheasant (2003), an important part of ergonomics is anthropometrics, which covers the 
human body in terms of measurements of body size, shape, strength and working capacity. Relevant to 
this project are the body measurements that directly affect both the physical and perceived roominess 
for a human sitting in the back seat of a car. There are 36 standard measurements representing the 
human body. However, not all of them are relevant to this thesis work. Sitting height, which is the 
vertical distance from the sitting surface to the top of the head (Pheasant, 2003), and body height are 
the main measurements used in this project. 
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2.3 DIGITAL HUMAN MODELING 
As technology advances in our modern world, we move more and more towards a virtually controlled 
environment where robots and computers start to replace human work. An example of this are Digital 
Human Modelling (DHM) software that can accurately simulate the biomechanics of posture and 
motion by use of digital manikins (Gkikas, 2013).  
 
2.3.1 RAMSIS 
RAMSIS is a DHM software mainly used within the automotive industry for occupant packaging 
(Gkikas, 2013). Having been especially developed for ergonomic analysis of cars, the simulation 
program can with help of specific anthropometric data enable one to decide what category of people 
that can drive respectively sit in a car (Intrinsys- Intelligent Engineering, n.d.). As Heiner Bubb puts it, 
one of the fathers of RAMSIS, this deals not only with a person’s dimensions but also with one’s posture 
and motion (Human Solutions Assyst AVM, n.d.-b). In addition, the software program also lets one 
look at such parameters as reachability, roominess, forces and visual surroundings (Human Solutions 
Assyst AVM, n.d.). With this being said, one significant parameter that is still quite hard to integrate 
into DHM software is that of perception (Gkikas, 2013). This is due to its subjective interpretation, 
which can vary completely from one individual to another. In addition to the already mentioned, 
RAMSIS can integrate with 3D CAD programs like CATIA V5 or operate independently as a stand-
alone program (Intrinsys- Intelligent Engineering, n.d.), as well as being able to integrate SAE standards 
(see 2.4) such as for the H-point into the software (Human Solutions Assyst AVM, n.d.-a). For this 
thesis, RAMSIS is integrated into CATIA V5.     
 
What makes DHM software like RAMSIS beneficial for companies within the automotive industry, is 
that they enhance the ergonomic analysis process by making it possible already in an early planning 
stage or design phase to evaluate ergonomic situations (Gkikas, 2013). This saves both time and money 
as one does not have to deal with physical mock-ups that much, that not only take time and money to 
build but can also only be built in the later stages of a project. That is, with help of the early virtual 
evaluations the amount of updates or alterations to the ergobucks can be reduced. Figure 1 shows what 
an occupant packaging process using a DHM software could look like. 
  

Figure 1. Occupant package process using a DHM software (Gkikas, 2013). 
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In terms of roominess in cars, RAMSIS can make realistic predictions concerning the required space 
that the specific target audience needs in order to sit comfortably in the specific car (Human Solutions 
Assyst AVM, n.d.-a). That is, with help of CATIA V5 the manikin software can help display the space 
requirements for posture and movement in the car. As an example, one can calculate how much 
headroom a manikin has in a car.  
 
According to Human Solutions, the maker of the ergonomic software program, RAMSIS has the 
world’s largest international anthropometric database (Human Solutions Assyst AVM, n.d.-a). In 
addition, Volvo Cars have their own population (the VCC population) which is based on different body 
measurements from around the world1. Besides the already gathered anthropometric data, RAMSIS also 
lets you generate your own specific manikin based on four parameters: gender, body height, corpulence 
and proportion (Vogt, Mergl & Bubb, 2005). Corpulence deals with one’s waist circumference whereas 
proportion deals with one’s torso. A person’s anthropometric data can be integrated into RAMSIS both 
by use of a 3D body scanner and through manual body measurement. 
 
2.3.2 BODY JOINTS AND COMFORT ANGLES 
Joints are the interlinkages of bones in the human body. They make sure 
that the bones are held together and the skeleton moves. In RAMSIS, 
body joints and skin points make it possible to control and simulate the 
manikin’s posture and motion, see Figure 2.   
 
Vogt et al. (2005) argue that any posture of the human body can be 
described by the angles of the human skeletons’ various joints. 
Furthermore, according to Heiner Bubb posture comfort depends on 
tolerated joint angle range (Human Solutions Assyst AVM, n.d.-b). For 
a seated posture, the relevant joints are shown in Figure 2.  
 

 
 

Evidently, joints such as the neck joint, wrist joint and finger joints also play a role in describing a 
comfortable posture. However, the reason why Vogt et al. (2005) did not include them when defining 
comfort angles is probably due to the joints being of less importance than those presented in Figure 3. 
What are referred to as comfort angles, are the ideal angles of the joints seen in Figure 3 at which point 
a person should behold a comfortable seating position.   

Figure 3. Posture joints in the human body (Vogt et al, 2005). 

Figure 2. RAMSIS manikin with 
body joints and selected skin points 

(Humans Solutions Assyst AVM, 
2008).  
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Table 1. Ideal angles of joints in the driver’s seat according to different sources (Vogt et al, 2005). 

 
As can be seen in Table 1, the comfort angles according to different sources differ quite much. Vogt et 
al. (2005) argue that this can depend on several factors such as different manikins (2D or 3D) with 
different torso lines and H-points as well as different assumptions for handling forces and ranges of 
steering wheel and pedals. Even though the angles in Table 1 are specific for the driving posture, they 
give an understanding of how comfort angles can vary and can perhaps act as a reference for comfort 
angles in the rear seat.  
  
One of the great advantages with RAMSIS is the use of automatic posture calculations and analysis of 
posture comfort/discomfort in the car (Human Solutions Assyst AVM, n.d.-a). Furthermore, according 
to Human Solutions Assyst AVM (n.d.-a), RAMSIS includes driving, passenger and standing posture 
models, and in addition the driving posture and movement in a car is based on very modern research. 
With this said, it should be noted that RAMSIS posture discomfort assessment is only applicable for 
analysis of driving postures (Meulen & Speyer, 2005).      
 
 
2.4 ERGONOMIC STANDARDS  
The automotive industry is highly restricted by laws and requirements. Therefore, standards have been 
developed that the car manufacturers can use when designing and developing car models. The standards 
specify many measurements regarding roominess in car interiors. 
 
2.4.1 SAE 
According to Ghikas (2013), The Society of Automotive Engineers International (SAE) is an 
organisation where standards for engineering professionals are developed. The standards cover the 
aerospace, automotive and commercial vehicle industries. Specifically, for the automotive industry 
there are over 1600 standards regarding the design of passenger cars. Some of these standards regards 
the ergonomics of the car and are considered crucial for occupant packaging. The standards are to be 
used as recommendations to follow, when drawing up the initial package. It is also important to consider 
the target market as the SAE standards are developed with the U.S. population in mind. Since VCC 
uses SAE standards, it is convenient to use the same SAE measurements for this project’s clinic so that 
the results can be easily integrated later on. The following standards are relevant to this project.  
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SAE Reference Coordinate System 
SAE has defined a reference coordinate system that applies to all automotive measurements, as seen in 
Figure 4. 

 
SAE J1100 H-Point 
A point located at the pivot centre of the back pan and cushion pan assemblies, on the lateral centreline 
of the device. The H-point on the 2D template, see Figure 5, is at the intersection of the thigh line and 
the torso line. When an H-point device is properly positioned at a designated seating position within a 
vehicle – either in CAD or in an actual physical property – the location of the H-point can be used as a 
vehicle reference point (SAE J1100 NOV 2009). 

 

Figure 4. The SAE reference coordinate system. Figure adapted from SAE J1100 NOV2009. 

Figure 5. The H-point. Figure adapted from SAE J1100 NOV2009. 
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SAE Seating Reference Point (SgRP) 
SgRP or SRP, see Figure 5, is a specific and unique H-point established by the manufacturer as the 
seat’s design reference point for a given designated seating position, which: 
 

• Establishes the rearmost normal design driving or riding position of each designated seating 
position in a vehicle. 

• Has X, Y, Z coordinates established relative to the designed vehicle structure. 
• Simulates the position of the pivot centre of the torso and thigh (SAE J1100 NOV 2009). 

 
 
SAE J1100 Motor Vehicle Dimensions 
Some key measurements from the SAE standard J1100, regarding roominess in the rear seat of the car, 
are used in this study. The dimensions are categorized in W (width) and H (height) measurements.   
 
H35-2 Head Clearance Vertical - Second row outboard passenger 
Measured using a rear view section cut on the X-plane intersecting the side-view top of the contour, see 
Figure 6. The minimum vertical shift of the appropriate SAE 95th percentile head contour section to 
any limiting surface (SAE J1100 NOV2009).  

 
  

Figure 6. SAE J1100 Head clearance vertical - second row outboard passenger measurement. Figure adapted 
from SAE J1100 NOV2009. 
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H61-2 Effective Headroom - Second row outboard passenger 
The distance along a line, see Figure 7, 8 degrees rear of vertical from the SRP to the first limiting 
surface, plus 102 mm (SAE J1100 NOV2009). 
 

 
 
H30-2 Seat Height – Second row outboard passenger 
The vertical distance from SgRP to the appropriate heel reference point (SAE J1100 NOV2009). 
 
L53-2 SgRP to Heel – Second row outboard passenger 
The longitudinal distance (horizontal to grid), see Figure 8, from SgRP to the appropriate heel reference 
point (SAE J1100 NOV2009).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Figure 7. SAE J1100 Effective headroom - second row outboard passenger 
measurement. Figure adapted from SAE J1100 NOV2009. 

Figure 8. SAE J1100 SgRP to heel – second row outboard 
passenger. Figure adapted from SAE J1100 NOV2009. 
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2.4.2 VCC TOOLS 
 
VCC scale 
When the department of ergonomics at VCC evaluate the ergonomics in a car, they use a subjective 
expert evaluation method based on a scale of 1-10 (see Figure 9).  

 
Functional Requirements Description (FRD) 
A document where roominess measurements are recorded for Volvo models and the competing models 
from other manufacturers.  
 
The VCC clinic participant list 
The ergonomics department at VCC have access to a list consisting of VCC employees whose 
anthropometrics have been properly measured and documented. These employees can be used as test 
participants. 
 
 
2.5 PERCEIVED ROOMINESS IN CARS 
According to Hwang et al. (2011) people tend to think of the car interior as a psychological space rather 
than a physical space. Most of the cars on the market have roughly the same amount of space on the 
inside. Regardless of this, car users perceive the interiors differently in psychological dimensions 
depending on the characteristics of the interior space. Furthermore, Tanoue et al. (1997) states that 
design elements such as colour and shape are important factors for the perceived roominess in a car. 
Additionally, according to their study, distances between the driver (or passenger) and physical objects 
in the car such as the instrument cluster and roof have a big impact on perceived roominess. A study 
conducted by Yang et al. (2014) suggests that optical illusions can increase the level of perceived 
roominess in a car interior. For example, if the main horizontal lines of the dashboard were given a 30% 
longer converging point, the perceived roominess would increase. All of the lines in the interior can be 
designed to create illusions by adjusting them in different angels. Moreover, three objects in the car 
interior: the instrument panel, door-trim armrests and A-pillars are the most important objects for 
perceiving roominess in the car. In the case of the A-pillars, a more rectangular cross section resulted 
in more perceived roominess. 
 
2.5.1 VISUAL PERCEPTION 
We see and perceive the vivid world around us with ease yet perception is very complicated (Burr, 
2011). Furthermore, Kellman (2003) states that describing the perception of objects scientifically is 
exceedingly difficult, yet the process of perceiving is effortless. Wade et al. (1991) also describes visual 
perception as incredibly complex but at the same time, something that we do unconsciously without 
even thinking of it. Naturally, this phenomenon has been of great interest to mankind and science 
throughout the history. The Greek philosophers began studying visual perception already in Ancient 
Greece and up until present time, bigger and bigger discoveries have been made ever since the start of 
the scientific revolution in the 17th century. Many areas have formed the theories of today such as 
physiology, art, biology, philosophy and psychology, but the main contributor is physics with its laws 
of optics and light.  
  

Figure 9. VCC scale. 
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Physics made it possible to prove that we actually see pictures on our retinal surfaces, which then are 
processed by the brain, instead of the old belief that the eye emits energy to produce visual images.  
 
Science has come a long way when it comes to the structure of the eye and how the images on the retina 
are optically generated. It is due to this that many eyesight conditions can be corrected with glasses or 
lenses. The eye and its ability to react to its stimuli and light are of course central to visual perception. 
The environment we exist in consists of objects that absorb, emit or reflect light in some way. Due to 
this, we can gather information about our surroundings that is essential to our being and visually 
perceive the world. 
 
According to Anderson (2011), the human visual system is organized in a number of looping levels of 
visual analysis. First, there is the low-level vision that identifies such aspects as colour, contrast and 
luminance of objects in the field of view. Then there is mid-level vision, which takes measurements 
and calculates where the surfaces are in the world. Finally, high-level vision controls advanced 
operations such as object recognition and attention between various aspects in the environment. 
According to Haber (1978), another theory for human visual perception is that the world that we see 
before us is not actually interpreted as a 3D image by the eyes. Instead, they see flattened two-
dimensional pictures on the retinas and the brain infers these pictures into a 3D scene. We determine, 
by using prior knowledge, which three-dimensional scene is most likely to occur at that particular 
instant in time. However, another theory states that we do not infer the third dimension, since all the 
information needed to generate the 3D scene is collected by the eye and focused in an image on the 
retina.  
 
According to Read & Allenmark (2013), the brain has to combine images seen by each eye in a process 
called stereo correspondence, since the eyes are offset from each other. The process starts as the eyes 
link up in the brain and receive information from both eyes simultaneously. Scientists have apparently 
constructed a computational model with over 112 000 simulated nerve cells in a network that to some 
extent can simulate the stereo correspondence process. This model is considered to be a big step towards 
understanding human visual perception.  
 
As stated by Shimojo et al. (2001), visual perception is complex where we somehow see a 3D world 
yet there are simple 2D pictures on each retina. The distance between the eyes is an important factor 
for calculating the depth and thus generating a 3D image. The perceptual system also collects other cues 
such as colour and lightness to generate the 3D picture. A classic example of this is how a grey area 
looks darker when surrounded by white and brighter when surrounded by black. Manav & Yener (1999) 
suggest that lighting is important when perceiving roominess. Obviously, it is impossible to visually 
perceive the surrounding environment without any light. The results from a test conducted by Manav 
& Yener (1999), where participants had to evaluate different types of lighting arrangements in a room, 
showed that lighting had a significant effect on roominess. Cove lighting, where you cannot directly 
see the light source, apparently resulted in increased perceived roominess. According to Flynn et al. 
(1973), who conducted a similar experiment, the light setting that gave the highest score with regard to 
perceived spaciousness was lighting all four walls in a room. 
 
According to Ling & Hurlbert (2004), colour affects the perception of objects in the visual world. In 
their experiment, an object with a more saturated colour appeared larger than an identical object with 
lower colour saturation. However, Stamps (2011) states that colour has a relatively small impact on 
perceived roominess in a room compared to other features such as floor area and height. All these 
variables are also strongly dependent on the lighting in the room. Balcetis & Dunning (2006) suggest 
that the way we perceive objects is affected by personal preferences. Five studies were conducted where 
participants had to look at ambiguous illustrations (figures that look like two different things 
simultaneously). The results showed that the participants perceived the illustrations according to their 
own desires and preferences. 
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2.5.2 CLAUSTROPHOBIA 
The degree of claustrophobia, the fear of confined spaces, can vary from person to person where some 
might experience it more than others. According to Öst (2007), studies show that claustrophobia has a 
lifetime prevalence of about 4 % in the general population. That is, approximately 4 % of the general 
population have experienced claustrophobia at some point in their life. 
  
Since cars are enclosed environments, the effect of claustrophobia can occur. In general, the more space 
there is the less chance of a person feeling claustrophobic.  
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3 METHOD AND IMPLEMENTATION 
This chapter describes the methodology used in this project. This involves how the thesis work was 
planned and managed, the background research and the idea development, the methodology regarding 
the clinic, data analysis and testing in RAMSIS and finally the development of the roominess evaluation 
method. 
 
 
3.1 PROJECT PROCESS AND PLANNING 
When working in a project where the time plan is rather long it is important to have a method for 
managing the project, i.e. a process management technique for the project. Two ways of effectively 
controlling the project is by use of a stage-gate process or/and an agile method.  
 
The project process was comparable to that of Stage Gate. A stage-gate system is a process method for 
transforming a new product from idea to launch and can be used for managing the process in order to 
make it both more effective and more efficient (Cooper, 1990). As seen in Figure 10 the management 
process is divided into different stages and gates from beginning to end. Each stage represents the 
activity of cross-functional teams working towards creating the product and each gate represents the 
decision-making made by a cross-functional senior management group (O'Connor, 1994). In this sense, 
in order to proceed to the next stage in the development process the current stage first has to be discussed 
and approved by a senior management. The gates ensure that the work performance in each stage is of 
high quality by use of constant communication in terms of feedback and guidelines.     
 
Stage-gate is considered a macro-planning method concerning investment decision making (or a 
Go/Kill decision system). In comparison, agile works more as a micro-planning method with focus on 
iteration solely in the development and testing phase (Stage-Gate International, n.d). Agile development 
can work as part of the stage-gate process to help accelerate certain stages. In addition to the already 
mentioned, agile encourages rapid and flexible response to change.  
 

 
 
Like that of a Stage Gate process, the project was divided into different stages consisting of the project 
activities and gates where feedback and guidance was received by the project’s supervisors. In this 
sense, the project never moved ahead without clearance and advice from the supervisors. Furthermore, 
by working iteratively in the development and testing phases, agile work was integrated into the process 
as well. Iteration was an important aspect of the project process as it helped one discover faults while 
at the same time enabling one to try different and new approaches in the development and testing phases. 
Below, the project process is explained in terms of stages and gates from start of the project to its end.  
  

Figure 10. Stage-gate process (Stage-Gate International, n.d). 
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Gate 1: Project background, goal and objectives 
Stage 1: Project planning  
 
Gate 2: Feedback and guidance (VCC supervisors and LTU supervisor) 
Stage 2: Background research  
 
Gate 3: Feedback and guidance 
Stage 3: Clinic preparation 
 
Gate 4: Feedback and guidance 
Stage 4: Clinic implementation  
 
Gate 5: Feedback and guidance 
Stage 5: Data compilation and analysis  
 
Gate 6: Feedback and guidance 
Stage 6: Testing and validation in RAMSIS 
 
Gate 7: Feedback and guidance 
Stage 7: Method creation 
 
Gate 8: Feedback and guidance 
Stage 8: Method testing and validation 
 
Gate 9: Feedback and guidance (VCC supervisors and RAMSIS users at VCC ergonomics department) 
Stage 9: Presentation 
 
Gate 10: Feedback and guidance (Thesis opposition, VCC supervisors, LTU supervisor and LTU 
examiner) 
Stage 10: Report 
 
Where Gates are not assigned to specific people, VCC supervisors are held responsible.  
 
The project was planned for a total of 20 weeks (40 hours per week for each person) using a Gantt chart 
(see Appendix A), where activities were spread out over the available project time. According to Maylor 
(2001), the Gantt chart is a type of bar chart used for presenting a graphical and simple time schedule 
for the different stages in a project. Furthermore, it is one of the most popular project planning tools 
and it is very useful for creating a general time plan. In addition, continuous meetings regarding the 
project progress were held in the beginning of each week with the VCC supervisors. 
 
The project research questions have been presented below along with the methodology of how they 
would be achieved. 
 

• Which critical parameters affect the physical and perceived roominess in the rear seat of the 
car? 

o How will this be achieved? 
§ Literature review 
§ Clinic 

 
• In reference to both the physical and perceived roominess, how much space is needed for 

comfortable rear seating for each percentile (5%ile, 10%ile,..., 90%ile, 95%ile)? 
o How will this be achieved? 

§ Clinic 
§ RAMSIS analysis 
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3.2 BACKGROUND RESEARCH  
The project’s background research consisted of any material that would or could be of help during the 
course of the project.  
 
3.2.1 LITERATURE REVIEW 
By reviewing previous literature, it is possible to receive an understanding of where a particular research 
began, is currently and should go in the future (Rozas & Klein, 2010). For the project’s literature review 
relevant knowledge was gathered primarily using LTU’s library search function PRIMO. Mainly peer 
reviewed scientific articles were read and interpreted. Internet searches via Google were also used to 
find some information as well as Chalmers Library. In addition, certain information such as SAE 
standards and FRD (Functional Requirements Description) were obtained through the VCC database. 
 
Keywords: Perceived roominess, automotive ergonomics, RAMSIS, anthropometrics. 
 
3.2.2 RAMSIS COURSE 
Early on in the project, a course was undertaken to learn RAMSIS Automotive which was held by the 
company behind the software, Human Solutions. The course consisted of two intensive days where the 
fundamentals of the software were practised and discussed. 
 
3.2.3 EXPERT CONSULTATION 
In order to better understand the world of vehicle roominess, experts within the ergonomics department 
were continuously consulted. This meant understanding for example how the expert evaluation method 
(a method used by the ergonomics department at VCC to evaluate the ergonomics of cars) worked. The 
expert evaluation method gave an insight on how cars were evaluated in terms of roominess and acted 
as a basis for how the clinic could be designed.  
 
3.2.4 RELIABILITY AND VALIDITY 
The information retrieved in this project has been gathered in multiple ways in order to assure that the 
results become both reliable and valid. This can be seen in the above mentioned background research 
which strengthened the understanding of the project, as well as in the information from the clinic which 
was gathered through surveys, measurements and observations. In addition, the performance of the 
clinic was always supervised by both authors of this thesis and the analysis made on the clinic results 
was performed in both Microsoft Excel and the statistical software Minitab. Furthermore, the 
understanding of how to use the software RAMSIS was retrieved mostly by own doing but also by 
undertaking the RAMSIS course and some consulting with the ergonomics department’s RAMSIS 
users. In addition, the development of the method was constantly supervised by the project supervisors.   
 
 
3.3 IDEA DEVELOPMENT 
Throughout the whole project continuous brainstorming has been carried out. Brainstorming, which is 
probably the most known and most used creative method in group, is a method which welcomes “crazy” 
ideas, where ideas should flow freely and individuals should develop other people’s ideas further 
(Sandberg, 1997). In addition, no criticism is allowed as it demoralizes people from participating. In 
complement to brainstorming, another method used for development of ideas has been inversion, where 
the key is to change one’s perspective by observing through a new angle or through another person’s 
eyes (Sandberg, 1997). In other words, to think or perform opposite of what is considered the norm.  
 
In essence, these idea generating methods have been implemented throughout the course of the project, 
but specifically in the clinic preparation and when developing the virtual method. In addition to this, 
iteration has also been used constantly together with whatever feedback that was received in order to 
apprehend any errors and improve the current project status, as well as to examine aspects in new and 
different ways. 
  



 

16 
 

3.4 CLINIC PREPARATION 
In preparing for the clinic, a lot of planning and cross functional work had to be carried out. Cars, test 
participants, facilities, technical equipment etc. had to be chosen and booked. However, probably most 
importantly was how and what was to be used and measured in the clinic. This included the construction 
of the survey, the measurement protocol and the use of booking (Doodle) and survey (Google Form) 
systems. 
 
3.4.1 CLINIC CONTEXT 
The core of the clinic was to investigate the correlations between perceived subjective roominess and 
physical objective roominess along with observing the sitting positions of different individuals in the 
rear seat. The goal with finding correlations between perceived and physical roominess was to be able 
to define how much space a certain individual would need in order to attain a certain approved rating. 
The rating was based on the VCC scale (see 2.4.2), where the targeted rating was an eight (which 
corresponds to good roominess) or more. 
 
The subjective part of the clinic was executed through a survey and by mere observations. The objective 
part of the clinic was performed by use of measurements (e.g. how much headroom the test participant 
had) and a camera that would photograph each individual’s sitting position. The pictures and the 
measurements of the test participants would later be used to position manikins in RAMSIS. The 
measurements that were used in the clinic were headroom, distance between headrest and head/neck, 
kneeroom, distance between knees and knee angle. These measurements were considered necessary in 
order to position the manikins in RAMSIS later on.  
 
3.4.2 TEST PARTICIPANTS  
When defining a clinic population, it is important to understand what parameters are relevant (age, 
gender, nationality/spoken language, profession etc.) (Dahmström, 1991). For this study the parameter 
that was of most interest was anthropometrics. The ergonomics department at VCC have been 
measuring and documenting the anthropometrics of VCC employees for a number of years. All the data 
is documented in a list called the Ergo Test Clinic List that is continuously updated. This list was used 
to sort and select the test participants that were of interest where the primary focus lay on sitting height 
followed by body height, leg length and waist circumference. In other words, a convenience sampling 
was used where participants were chosen from a population close at hand, that were easy to access and 
already defined in terms of anthropometrics and other parameters. Other parameters that were also 
considered in the selection process were gender, birth year and profession (i.e. to what department they 
belonged).  
 
A clinic sampling or selection should be as big as possible where a rule of thumb is at least 50 test 
participants (Dahmström, 1991). The total amount of participants used for the clinic was drawn to 60.  
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3.4.3 CAR SELECTION AND TEST GROUPS 
Three cars would cover the model range by using one small (V40), one medium (S60/V60) and one 
large (V70/XC90) car. In this sense, one would get an answer of who fits in a small, medium 
respectively big car as well as whether one sat differently in a smaller car compared to a bigger. It 
should be noted that the virtual method which was later developed was to be usable in all Volvo models 
and not be limited to a specific car model. It was therefore important to try and cover the whole model 
range.  
 
To gain some basic product knowledge of what cars to use, current Volvo models were taken for short 
test drives where the opinion of each car’s roominess was documented. This was a crucial step for 
deciding which models to use in the clinic as one received a better understanding of each car’s 
roominess. One test that was performed was a comparison between two identical V40s where the only 
difference between them was a panoramic roof. This test arises from having considered what effect that 
a panoramic roof might have on perceived roominess in a car, after having reviewed literature that 
concerned effects on perceived roominess (see 2.5). 
 
In terms of the cars properties, it was decided that electrically adjustable driver’s seats would be a must 
since they are easy to reset to a specific position using the built in memory function. Furthermore, the 
two V40s (separated by a panoramic roof) were chosen to be identical on the inside both displaying a 
light leather interior. In contrast to the V40s, the XC90 displayed a dark interior. As noted in the project 
scope, the effect of interior colour on perceived roominess would not be studied. 
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The cars that were selected for the clinic are presented below. 
 
Car #1: Volvo V40 (see Figure 11 and Figure 12) - Beige leather seats, beige interior roof lining, dark 
panels and electrically adjusted driver’s seat. 
 

 
Figure 11. Volvo V40 interior. 

 
 

Figure 12. Volvo V40 exterior. 
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Car #2: Volvo V40 Pano (see Figure 13 and Figure 14) - Beige leather seats, beige interior roof lining, 
dark panels, panoramic roof and electrically adjusted driver’s seat. 
 

 

Figure 13. Volvo V40 Pano interior. 
 
 

Figure 14. Volvo V40 Pano exterior. 
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Car #3: Volvo XC90 (see  andError! Reference source not found.). Dark leather seats, beige interior 
roof lining, dark panels and electrically adjusted driver’s seat. 

 
 
 

 
 
 
  

Figure 16. Volvo XC90 exterior. 

Figure 15. Volvo XC90 interior. 
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The clinic consisted of 90 tests where 60 test subjects participated. These 60 test participants were 
divided into four groups (15 in each): a V40 group that only tested the V40, a V40 Pano group that only 
tested the V40 Pano, an XC90 group that only test the XC90 and a Focus group that tested all three 
cars. In this sense, the ones only testing one car were not influenced by any previously tested car while 
the ones participating in the focus group could compare all three cars (where the first car would act as 
the reference car), a sort of hybrid clinic. Those participating in the focus group tested the V40 first, 
then the V40 Pano and last the XC90. A reason why not all 60 test people were chosen for the focus 
group was since to test all cars it would take 45 minutes (15 min for each car) and it was thought that it 
would be much easier to attain participants for a 15 minute test. 
 
The selection process was mostly aimed at tall people since one the focus points in the clinic was to 
find out how tall a person can be and still fit in a car. However, in order to be able to see how people of 
different sizes sit in the rear seat and how much room they need to be satisfied in the rear seat, some 
medium and short persons were also needed, see Figure 17. The cars’ interior dimensions decided what 
body sizes could be chosen for each car. Having tested the rear seat in each car helped a lot as one 
received a reference of who would be able to fit. For the V40 and V40 Pano groups mostly tall, some 
medium and a few short people were chosen. The XC90 group consisted of mostly tall and very tall 
people together with a few medium people. The focus group consisted mostly of medium people 
together with a few short and tall persons. Short test participants were chosen to be <45 percentile, 
medium 45-55 percentile and tall >55 percentile.  
 

 
The aim for the focus group was to obtain as even distribution as possible by accommodating for most 
of the percentiles. Keeping in mind that most test participants were rather tall, more men were chosen 
than women since men are in general taller than women. In addition, all percentiles were always counted 
in men percentiles for simplification purposes, therefore women percentiles were converted to male 
percentiles. See Appendix B for chosen test participants and some of their relevant body measurements.  
 
3.4.4 CLINIC ENVIRONMENT 
In order to decide what environment to use, test drives were conducted to see if there were any 
differences regarding perceived roominess in the rear seat when driving or when being stationary. 
Weather and lighting conditions are always changing which meant that the test participants would have 
different experiences and the results would be unfavourable. For this reason, a static lab environment 
was chosen for use in the clinic. 
  

Figure 17. Test participants. 
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3.4.5 CLINIC LAYOUT 
The three cars were positioned so that the test participants would have easy access to the left rear seat, 
see Figure 18. In addition, all the electronic equipment would have easy access to the “main station” 
(i.e. the table in the middle of the room where all the iPads and measurement tools were placed) where 
the main power strips were placed and where the power supply was connected to and forth.  
 

 
Figure 18. Clinic layout. 

 
3.4.6 THE LEFT REAR SEAT AND THE POSITION OF THE DRIVER’S SEAT 
The tests were conducted with the test participants sitting in the left rear seat behind the driver’s seat. 
The left rear seat was chosen since the passenger sitting behind the driver is restricted by the fact that 
the driver needs a certain amount of room in order to drive the car. In comparison, the front passenger 
seat can be moved forward if needed. Due to this, it was thought that it would be interesting to see how 
much room would be left over for the driver (i.e. what male percentile could fit in the driver’s seat) 
when people of different body sizes sat comfortably in the rear seat. However, it should be noted that 
the right rear seat could also have been chosen. In addition, at the start of each test the driver’s seat was 
placed in its design position, which is the position that VCC uses when evaluating all cars (defined by 
a specific male percentile). 
 
In turn, the test participant was given the option of moving the driver’s seat forward in order to sit more 
comfortably with more legroom. This option was given since many people would have problems fitting 
in the rear seat (specifically in the V40s) when the driver’s seat was in design position. However, it 
should be noted that this option of moving the seat forward was only given to the participants if they 
were not able to attain the targeted rating of at least an eight in terms of roominess satisfaction. 
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3.4.7 POSITIONING OF THE DRIVER’S SEAT TO DESIGN POSITION 
When loading a nominal model of any Volvo car in CATIA V5, the driver’s seat is by default in design 
position. This is one of the reasons why the initial position of the driver’s seat was placed in design 
position as it creates an easy reference point for the driver’s seat when working with the car model in 
CATIA V5. In addition, since the ergonomics department work a lot with the design position, the clinic 
would provide them with data on how many can fit in the rear seat when the driver’s seat is in design 
position. 
 
To be able to position the driver’s seats to their design positions in the real cars, three suitable 
measurements had to be made in CATIA V5 when the driver’s seat was in design position. These 
measurements were recorded in the same way for both the V40 and XC90. Keep in mind that since the 
two V40s were identical (except for the panoramic roof) they were positioned with the same 
measurements. The first two measurements controlled the x and z direction of the driver’s seat, and 
were distances from the driver’s seat’s SRP (see 2.4.1) in design position to where the seat was furthest 
back and furthest down. That is, one distance from SRP to when the seat was furthest back (x-direction) 
and one distance from SRP to when the seat was furthest down (z-direction). The third measurement 
controlled the inclination of the driver’s backrest and was the distance shown in Figure 19. 
 
The measurements had to be easy to recreate in the real cars with the tape measure, see Figure 20. To 
set the driver’s seat in design position, the seat first had to be positioned furthest back and furthest 
down. Then, the driver’s seat had to be moved forward X mm and raised X mm. Finally, the distance 
shown in Figure 19 had to concur with the same distance in the car. If the distance in the car did not 
match the distance in CATIA V5 then the backrest of the driver’s seat had to be adjusted. 
 
Once the design position of the cars driver’s seat was set, it was memorized with the built in memory 
function of the power seats that Volvo make. By using this function, the driver’s seat only needs to be 
adjusted and measured to the design position once and then stored in the memory. After each test 
participant had completed the test and the driver’s seat has been moved forward, it could be reset to 
design position by simply pushing a button. 
 

Figure 19. One of three control measurements made in CATIA V5 for the V40 (driver's seat hidden). 
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3.4.8 CLINIC EQUIPMENT 
The objective measurements that were to measure the physical roominess and help position manikins 
in the rear seat (see 3.5.1), were measured with help of the measurement tools listed below. In addition, 
the sitting postures and the clinic’s subjective part (i.e. the survey) were documented with help of the 
electrical equipment listed below. It should be noted that documentation of the sitting postures was 
done so with help of both the objective measurements and the cameras.  
 
See below for a list of all equipment used in the clinic.  
 
Electrical equipment: 
 

• 3x GoPro Hero 4 Black Edition 
• 3x Suction cup mounts for GoPros 
• 3x iPad (1x controlled V40 GoPro and 2x were used for the survey) 
• 1x iPad mini (controlled XC90 GoPro) 
• 1x iPhone 5 (controlled V40 Pano GoPro) 
• Extension cords, power strips and USB chargers for all equipment 
• 3x CETEK MXS 25 battery charger 

 
Measurement tools: 
 

• Tape measure 
• Goniometer 
• Modified marking gauge 
• Steel ruler 

  

Figure 20. Positioning of the driver's seat using tape measure. 
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The three GoPro cameras were mounted on the right rear seat windows of the cars to provide 
photographs of the test participants from the side, see Figure 21. 
 

 
The angle and position of the GoPro gave a good representation of the sitting position and showed 
whether the test participants had moved their H-point from SRP as seen in Figure 22. 
 

 
The tools used to measure how much of the different spaces were available to the test participants (i.e. 
amount of headroom, kneeroom etc.) are shown in Figure 23. 
  

Figure 21. GoPro camera mounted on the right rear window. 

Figure 22. Example picture from mounted GoPro. 
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The modified marking gauge was used for measuring the distance from the head to the roof as well as 
the distance from the head/neck to the headrest, see Figure 25 and Figure 24. While the headroom was 
always measured from the highest point on the head and straight upwards, the distance to the headrest 
was always measured from approximately the same point on the headrest (as seen in Figure 25) straight 
forward to the back of the head/neck. 
 
 

The marking gauge had an offset of 12 mm to where the zero mark began, which had to be added to 
the measured value. The goniometer, see Figure 29, was used to measure the angle of the knees and 
the tape measure was used to measure the kneeroom and the distance between the knees, see Figure 
26 and Figure 27.  
  

Figure 23. Measuring tools. 

Modified marking gauge 

Goniometer 
Tape measure 

Figure 25. Distance to headrest. Figure 24. Distance to roof. 
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If the knees were outside the driver’s seat, a diagonal measurement was documented instead, see 
Figure 28. 
 
 

 
 

 
  

Figure 26. Kneeroom measurement. Figure 27. Distance between knees. 

Figure 29. Knee angle measurement with 
goniometer. 

Figure 28. Diagonal kneeroom measurement. 
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The modified marking gauge had a glued-on steel ruler that acted as an offset in order to be able to 
measure the distance above the head in a convenient way. However, due to the curvature of the roof (it 
is rarely completely flat) the measurement points were slightly off due to the design of the modified 
marking gauge, see Figure 24. This was corrected by measuring the difference in CATIA V5, see Figure 
30. The white line in Figure 30 marks the centre of the left rear seat in the y-direction. This is roughly 
where the test participants head was located, thus also the point of measurement on the roof. By 
measuring the vertical distance, but at a horizontal distance of 150 mm from the white line towards the 
centre of the roof (see Figure 30), the vertical difference due to the curved roof could be measured. The 
difference was then subtracted to all measured values. 

Figure 30. Roof measurement offset in CATIA. 
 
In addition, measuring how much the driver’s seat was moved was done so with a steel ruler as seen in 
Figure 31. 
 
 

 

 

 

 

 

 

 

 

 

 

  
Figure 31. Measurement of driver's seat movement. 
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3.4.9   BOOKING AND E-MAIL INVITATIONS 
A system for recruiting test participants was set up where each potential test participant would be 
contacted as follows: 

• Invitation by email  
• Reminder invitation email to those that never responded  
• Invitation by phone  

 
Firstly, invitation emails were sent to the chosen VCC employees about three weeks before the clinic 
was scheduled to begin. The email contained information regarding the clinic and a link to a Doodle (a 
free online scheduling/booking service) booking where one could book a suitable time to participate. 
Since there were four different groups of test participants, different emails with different Doodle links 
were sent to each group. Once a person had booked a time in Doodle they were sent an appointment in 
Microsoft Outlook (the email and meeting organisation software used by all VCC employees). Those 
that never accepted the invitation or never booked a time were sent a reminder invitation email. In 
addition, if they did not respond to the reminder the test participants were contacted by phone. 
 
3.4.10 CLINIC DURATION 
The clinic lasted for three weeks where the V40 and V40 Pano groups were concentrated in the first 
week. In turn, the XC90 and focus groups were spread out on the remaining two weeks. The V40, V40 
Pano and XC90 tests took about 15 minutes to complete and the focus group test lasted for about 45 
minutes.  
 
3.4.11 TESTING AND EVALUATION 
The clinic procedure was developed using an iterative process where ideas and procedures were tested, 
evaluated, altered and verified together with the supervisors at VCC. When the final clinic procedure 
was set, a pilot clinic was conducted using members of the ergonomics department as test participants. 
They could then provide their expert opinions and suggestions for improvement, which was a valuable 
input to the final clinic procedure. 
 
 
3.5 DATA COLLECTION METHODS 
The data collection from the clinic was conducted by use of a survey, observation and a measurement 
protocol. The methodology of these data collection methods is presented below.  
 
3.5.1 SURVEY 
A survey, see Appendix C, was created using Google Form which is a free online service for making 
digital surveys (i.e. a survey that can be used on a computer, iPad etc.). Three different versions of the 
survey were created: i) V40 and XC90 survey, ii) V40 Pano survey and iii) Focus survey. The reason 
why there were three varieties of the survey was since the V40 Pano had questions regarding the 
panoramic roof and the focus group included all three cars where some of the early questions only had 
to be asked once for the first car. The test participants were given iPads where they could fill out the 
survey, which was then submitted and automatically documented in an Excel format that could be easily 
accessed online. This is a very convenient way of using a survey since the whole process is digital and 
no time has to be spent on compiling data. Furthermore, the risk of not being able to decipher what the 
test participants write down, if the survey had been in paper form, is also eliminated. 
 
The test leader for convenience purposes filled in the first few questions in the survey. This was since 
this part of the survey concerned the movement and measurement of how much the driver’s seat had to 
be moved forward in order for the test participant to sit comfortably in the rear seat. In this sense, the 
first few questions of the survey can be seen as interview questions as the test leader asked the questions. 
After this, the test participants were asked to fill in the rest of the survey that focused on their perception 
of the cars’ interior space. 
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3.5.2 OBSERVATION 
Observation is a great method to use when one wishes to increase the amount of qualitative data in a 
study (Dahmström, 1991). It can be used to observe certain behaviours, both directly (i.e. when the 
respondent is aware of it) and indirectly, where the observations can either be registered manually (e.g. 
written on a piece of paper) or electronically (e.g. by cameras).  
 
During the time when the test participants filled in the survey, the test leaders were to observe the test 
participants and document any interesting aspects regarding the sitting position or the amount of 
available space. For example, whether the head was in contact with the roof or whether the test 
participant had a lot of H-point movement. The observation documentation was done in the 
measurement protocol (see 3.6.3).  
 
Furthermore, the cameras were used to photograph the test participants where the pictures could later 
be used to study different sitting positions.  
 
3.5.3 MEASUREMENT PROTOCOL 
A measurement protocol was created to document measurements regarding the sitting position of the 
test participants and how much available space they had, see Appendix D. These measurements were 
needed for two reasons. Firstly, to document the values and see if they could be related to the grades 
that the test participants set for headroom and kneeroom etc. Secondly, to be able to recreate the sitting 
positions of the test participants in RAMSIS. The protocol was in paper format and was filled out by 
hand during the measurement part of the clinic. In addition to note taking any observations and available 
space, the measurement protocol also included some miscellaneous areas such as the test person’s hair 
height and shoe type.  
 
 
3.6 CLINIC IMPLEMENTATION 
The first step in the clinic procedure was to make sure that the iPad used for the survey was working 
and that the correct survey was loaded and ready to be filled out. The test participant's name, group, car 
model and number were filled in beforehand for both the survey and the measuring protocol. The 
GoPros were checked so that the connection to the controlling iPad was working properly. The driver’s 
seat positions were also checked to make sure they were in the design position. When the test participant 
arrived to the clinic, he/she was welcomed and given a short introduction explaining the purpose and 
agenda of the clinic. The test participant was then asked if they were familiar with the VCC scale and 
if not it was explained to them. After this, the test participant was asked to take a seat in the left rear 
seat. In addition, the test participant was asked not to use the seatbelt or the centre armrest in order to 
simplify the clinic but also since the centre armrest would block the view of the sitting position when 
the picture was taken. 
 
Thereafter, the test participants were asked what rating (see 2.4.2) they would give regarding the general 
roominess where they were sitting, when the driver’s seat was in design position. If they gave a rating 
of at least eight (this was the sought after rating), then the driver’s seat would remain in design position. 
However, if the rating was less than eight then the driver’s seat would be moved forward X mm until 
the test participant experienced the comfort of an eight or the highest possible rating. The test leader 
would then document the distance that the seat was moved on the iPad containing the survey, see 
Appendix C. 
 
After this, the survey iPad was handed to the test participant who would then fill in the rest of the 
survey. During this time, the test leader would observe the test participant and document any interesting 
observations. In addition, the iPads that were connected to the GoPros had to be continuously checked 
so that they were still sending live feeds via the GoPros since the screen could freeze on occasion. If 
this happened, the GoPro application on the iPad had to be refreshed by for example reopening it. When 
the survey was completed, the test participant was asked to remain seated in the car with their normal 
sitting position so that a photograph could be taken to document their sitting position.  
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The next step in the clinic procedure was to take measurements of the test participants’ available 
space and to fill out the measuring protocol, see Appendix D. After this, the test participant could step 
out of the car and the test was completed. 

For those testing the V40 Pano or those testing all cars, the survey was a bit longer as the test participant 
was asked questions about the effect of the panoramic roof, see Appendix C. 
 
 
3.7 DATA COMPILATION AND ANALYSIS 
The data retrieved from the surveys was automatically compiled into Excel files through Google Form. 
However, the data from the four groups (V40, V40 Pano, XC90 and focus) had to be compiled into a 
single document to simplify the analysis. In addition, the measuring protocols were digitalised and 
converted to Excel format. 
 
Once all the data had been compiled, the next step was to analyse the data. Seeing as a lot of data had 
been gathered it was important not to get carried away with analysing everything, but instead focus on 
what was relevant and necessary for creating the virtual method. However, if any unusual or interesting 
facts were noticed they were of course analysed. In essence, figuring out what variables to place against 
each other (e.g. distance to roof vs. distance to roof grade) and how to best visualise them in Excel took 
some time. The graph visualisation was not always trivial when working with more than two variables, 
as one had a picture of how one wanted it to look but could not always emulate it in Excel. In addition 
to all this, besides finding correlations of the data in Excel, the statistical program Minitab was used to 
make correlations that were more statistically readable.  
 
It should be noted that all test participants were primarily sorted and chosen according to sitting height. 
However, when analysing each roominess parameter (headroom, kneeroom etc.) different 
anthropometrics were considered, i.e. each roominess parameter was sorted according to the 
anthropometric parameter that was most suitable. For example, headroom was sorted according to 
sitting height while kneeroom was sorted according to buttock to front of knee length. By doing so, 
some participants with medium sitting height might have long legs and thus become tall buttock-knee 
length participants when for example analysing kneeroom. Therefore, there can for example be more 
medium test participants in one diagram compared to another, depending on what anthropometric 
parameter the diagram is sorted according to.  
 
In addition, in the development phase of the method and its spans (see 4.3) it was decided that the 
medium participants would merge with the tall participants, thus only having short and tall participants. 
This was executed since some of the results proved to have few medium participants. In this sense, the 
tall participants consisted of ≥45 percentiles and the short of <45 percentiles.  
 
 
3.8 SCANNING OF CARS   
Due to tolerances in the manufacturing process of the cars, each produced car may differ slightly 
regarding interior measurements. Therefore, the V40, V40 Pano and XC90 that were used in the clinic 
were taken to the Ergolab at VCC where a complete scan of the rear seats, roof, driver’s seat and floor 
was executed. The scan also included measurements such as H61-2 and the left rear seat SRP and its 
torso angle. 
  
The scanned results were imported into CATIA V5 where they were compared to the cars nominal 
values found in the CV specs (Complete Vehicle Specification) and FRDs (see 2.4.2). Some extra 
measurements that seemed interesting and relevant to look at were withdrawn in CATIA V5 regarding 
the scanned results, such as H30-2 and L53-2 (see 2.4.1).  
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In addition to comparing the measured and nominal values, a comparison between the V40 and V40 
Pano was also made in order to find any significant differences between the cars. These comparisons 
could be vital to the analysis of the clinic results because certain results might be explained by a physical 
difference between the V40 and the V40 Pano. 
 
 
3.9 DATA TESTING AND VALIDATION IN RAMSIS 
One of the goals with this thesis work was to study how to improve the positioning of manikins in the 
rear seat using RAMSIS. This was since one of the big issues with the simulation program was that it 
did not seem to mirror realistic sitting positions very well in the rear seat (see 1.1). From the clinic, 
sitting positions were documented with photographs and amount of available space was documented 
with measurements. To be able to recreate the test participants’ sitting positions, manikins had to be 
created with the same anthropometrics as some selected test participants. All in all, the amount of test 
participants that were used was limited to eight tall and five short, which was considered enough to get 
the desired results. Generating medium test participants was considered unnecessary as they usually sat 
as tall or short participants and since they were so few. Only the extreme values were needed and if 
they worked properly, so would any test participant in between.  
 
These manikins were positioned in the rear seat using the selected participants’ clinic measurements. It 
was executed by constraining each relevant skin point to its corresponding surface as well as setting 
selected measurements like knee angles and distance between knees. By constraining, one means that 
e.g. the head skin point is locked under a condition to the roof surface, where the condition can be that 
the distance between the skin point and surface must always be at least X mm. The main constraints 
that were needed to position the manikins were head to roof, feet to floor, head/neck to headrest and the 
H-point, which is explained below. In the case of the head/neck to headrest constraint, one had to look 
at the picture to determine which skin point on the back of the head/neck best horizontally aligned with 
the measured point on the headrest. It should be noted, that when the headrest measurement was 
performed it was done so on the outside seam of the headrest as measuring from the centre of the 
headrest was more difficult. This was since the headrests were not flat but instead had a curvature like 
surface, where the centre of the headrest was farther back (i.e. farther away from the participant’s head) 
compared to the far left and right side of it. This meant that a small offset difference had to be calculated 
in CATIA V5 between the headrests outside seam and centre, seeing as the RAMSIS constraint usually 
landed near the centre of the headrest. This offset difference was then used to correct the headrest 
distances. In addition, the knee angles from the clinic had to be converted to the knee angles found in 
RAMSIS, as the knee angles were measured differently. Furthermore, some other constraints were also 
needed such as the line of sight to keep the head looking forward, which are further explained in the 
method (see 4.4). It should be noted that the kneeroom measurements were not used during testing, as 
the kneeroom was not considered a necessary priority during this phase. The parameter was not required 
until later when developing the actual method.  
 
Regarding the H-point of the manikin, the initial approach was that it would automatically be positioned 
correctly by inserting the necessary measurements withdrawn from the clinic. The H-point was only 
constrained in the y-direction, which meant that it could move freely in the x and z directions. By doing 
this, the H-point positions would be able to be documented based on body dimensions. However, a 
problem that occurred by letting RAMSIS automatically place the H-point based on other measurements 
was that the manikin’s buttock often landed above the seat as if floating.  
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A second approach was therefore considered in order to position the manikins correctly. A line from 
SRP parallel to the seat cushion was created to which the H-point would be constrained, see Figure 32 
and Figure 33. In the figures, the point in the centre of the square is SRP and the points succeeding it 
and moving towards the driver’s seat (each separated by a 10 mm gap) are possible locations of where 
the manikin can place its H-point.   
 
This line, which was named the H-point movement line, was an approximation of the H-point 
movement of when the test participant was sliding forward with the pelvis- most likely because of the 
limited headroom.   

Figure 32. H-point movement line. 

Figure 33. H-point movement line, different view. 
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The manikin would initially be positioned with the H-point coincident with SRP. The H-point would 
then be moved forward along the line until the sitting position was correct based on the photographs 
and the measurements from the clinic. 
  
After verifying that the H-point movement line could provide good sitting positions that represent real 
life situations, some kind of indication of how far the H-point should be moved was needed. This was 
so that a repeatability could be secured when creating other manikins other than those from the clinic. 
When positioning tall manikins with the H-point coincident with SRP, the head penetrated the roof as 
seen in Figure 34. In this condition, all measurements except the head-roof measurement were 
constrained to a surface. If the headroom measurement had been constrained for these tall manikins, 
then they would have sunk through the seat too much. 
 

 
 
 
Thus by putting the manikin in SRP and constraining all but the head-roof measurement (i.e. making 
the headroom constraint inactive), the roof penetration for each of the eight tall manikins was measured. 
In addition, the distance that the H-point needed to be moved along the H-point movement line in order 
for the manikin to not penetrate the roof, was also measured. Each H-point distance was based on the 
photographs and the inserted measurements of each corresponding tall participant. That is, with the 
measurements locked in and constrained, the H-point was moved to the point on the line best 
corresponding to where the H-point was placed in the picture in combination with attaining the same 
headroom from the clinic. The ratio between the roof penetration and the H-point movement for each 
manikin was then calculated. This value was equal to the needed H-point movement divided by the roof 
penetration. The average of the eight calculated ratios was named the H-point movement coefficient. 
Thus, when positioning a manikin with the H-point in SRP one could measure the roof penetration and 
multiply that value by the coefficient to get an estimation of how much the H-point would need to be 
moved in order for the manikin to fit without roof penetration. This was of course an alternative to 
solving the headroom problem. To understand more about this, see chapter 4.2. 
 
3.10 METHOD DEVELOPMENT 
Manikins could now be positioned relatively accurately in the rear seat using RAMSIS. The virtual 
roominess evaluation method was then developed by documenting the necessary steps with easy to 
follow instructions. 
  

Figure 34. Roof penetration. 
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3.11 METHOD TESTING AND VALIDATION 
The method was constantly tested as it was being developed (i.e. by use of iterative work) to identify 
any problems and to ensure good functionality. Additionally, members of the ergonomics department 
at VCC were asked to test the method when it was nearly finished. They could then provide feedback 
and give suggestions for improvement. Only a few people at the ergonomics department work with 
RAMSIS and due to busy schedules, only two persons could test the method. Furthermore, 
demonstrations of the method were regularly held for the supervisors to make sure that the method 
would generate the wanted results.  
 
A protocol was created where the user of the method could fill in the inputs and the results (see Table 
2). This could then be used to document and compare different manikins and car models for future 
needs.  

  

Table 2. Method protocol. 
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4 RESULTS AND DISCUSSION 
The following section describes the results from this thesis work, where the most relevant results from 
the clinic are presented along with the roominess evaluation method itself. In addition, this chapter also 
provides the reader with a discussion of the results (displayed in the manner shown below).  
 
Discussion: 
The clinic consisted of people with varying body dimensions, which means that the final method only 
can provide approximate results. Specific results for any person with a certain height (e.g. 75th 
percentile) may only be based on a few test participants from the clinic. This means that the results are 
not statistically proven and more clinics would have to be conducted in order to generate accurate 
results.  
  
The clinic generated an enormous amount of data and only the most relevant results have been presented 
in this report. Much of the data was hard to analyse since it was often widely spread and did not show 
any clear patterns. This is largely due to the personal opinions of the test participants. A group of people 
with roughly the same body dimensions could set completely different scores in the survey. 
Furthermore, some test participants answered entirely different to others in the same body height group 
and their data points were therefore considered outliers. Sometimes there were only two or three data 
points left after sorting out the outliers. It was for this reason that for example medium participants were 
included in the tall participant group when creating the spans as well as why the spans concerned a 
more general rating of five and above instead of a more specific rating.  
 
 
4.1 DATA COLLECTION AND ANALYSIS 
If the diagrams do not specifically indicate results from the focus group, then each car represents all the 
test participants that tested the car including those from the focus group.  
 
4.1.1 GREATEST IMPACT ON ROOMINESS 
The survey results, see Figure 35, show that headroom and legroom are more or less equally important 
when it comes to which parameter that affects roominess the most. Furthermore, most of the test 
participants who answered “Other” made a comment that they thought headroom and legroom were 
equally important. In addition, thirteen out of fifteen test participants in the focus group thought that 
the same parameter had the greatest impact on roominess in all three cars (see Figure 36).  
 

  

43%
47%

7% 3%

V40

Legroom Headroom
Footroom Other

40%
54%

3% 3%

XC90

Legroom Headroom
Footroom Other

47%

43%

3% 7%

V40 Pano

Legroom Headroom
Footroom Other

Figure 35. Result from survey question “Which parameter affects your view on good roominess the most?”. 
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Discussion: 
What the results from the focus group indicate is that perhaps the parameter with the greatest impact on 
roominess is not so much dependent on the dimensions of the car but instead on one’s personal view of 
roominess comfort/satisfaction, which in turn might be dependent on one’s body dimensions.   
 
4.1.2 EFFECT OF PANORAMIC ROOF ON ROOMINESS 
Most of the test participants in the V40 Pano group stated that the panoramic roof increased the amount 
of space. However, in the focus group where test participants first tested the regular V40 and then the 
V40 Pano, 40% thought that the panoramic roof decreased the amount of space (see Figure 37). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
When it came to comparing the regular V40 to the V40 Pano, eleven out of fifteen preferred the 
panoramic roof (see Figure 38) even though it had less sitting height (i.e. H61-2 was smaller in V40 
Pano). Those that preferred the panoramic roof did so because of one (or a combination) of the following 
reasons: i) Increases the amount of light in the car, ii) Increases roominess, iii) Makes it possible to look 
up at the sky (especially interesting for children), iv) Makes it airier in the car, and v) Increases the 
luxury of the car. Those that preferred the roof in the regular V40 did so because they thought that the 
sitting height was too limited and that it weighed stronger than the pros of the panoramic roof. In 
addition, many of those that preferred the panoramic roof to the regular roof had very limited headroom. 
  

87%

13%

V40 Pano

Increases amount of space
Decreases amount of space

60%
40%

Focus

Increases amount of space
Decreases amount of space

87%

13%

Focus

Same parameter has the greatest impact on roominess in all three cars
Different parameters have the greatest impact on roominess in all three cars

Figure 36. Result from survey question “Which parameter affects your view on good roominess the most?”. 

Figure 37. Result from survey question “How does the panoramic roof affect your 
perception of the roominess in the car?”. 
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Discussion: 
As stated in the theoretical framework, the space inside a car is perceived differently depending on 
physical factors. In addition, aspects such as light and shape have a great effect on perceived roominess. 
The results from this thesis work clearly showed that the panoramic roof had a significant impact on 
the perception of space inside a car. Even though the space was physically smaller in the V40 with 
panoramic roof than in the one without it, participants still considered the V40 Pano to be more 
spacious. Test participants explained the reasons for this to be since the panoramic roof invites more 
light into the car, makes it airier in the car and provides one with the possibility to look outside at the 
sky. It was especially interesting to see how participants who had very little headroom preferred the 
panoramic roof to the regular roof. What this shows is that in most cases the panoramic roof is preferred 
and with a little more headroom the rear seat passengers (no matter their sitting height) will experience 
a much better car. It should be noted here though that when answering this question, the participants 
might have neglected the limiting sitting height or insufficient headroom and only considered the effect 
of the roof with or without the panorama.   
 
There might also be other reasons for why the V40 Pano felt more spacious, such as preconceptions 
about panoramic roofs. Some people may never have experienced a panoramic roof before and think 
that since it is an expensive option, it must overall improve the interior of the car. Regarding 
preconceptions, the fact that only VCC employees were invited to take part in the clinic may have had 
an impact on the results. This is since, depending on their specific roll in the company, they may already 
have known that the panoramic roof decreases the headroom in the V40 and answered the survey based 
on facts instead of basing it on their perception in that moment.  
 
Kellman (2003) states that describing the perception of objects scientifically is exceedingly difficult, 
yet the process of perceiving is effortless. What Kellman (2003) states here is very true, as 
understanding for example why we feel there is limited room when in reality there is enough room to 
feel comfortable can be difficult. In the end it can become so psychological that it is hard to pin point 
why we perceive the way we do. From the clinic, it was possible to determine what impact the 
panoramic roof had on perceived roominess and more specifically why it had an impact. As mentioned 
above, such aspects as letting in more light and making it airier were some of the panoramic roof’s 
contributions to better roominess.  
 
As stated in the theoretical framework, the study performed by Manav & Yener (1999) also showed 
that lightning had a significant effect on roominess especially that of cove lightning. Now, why 
participants felt that these aspects affected their perceived roominess in the car can result from earlier 
knowledge of that a window produces these effects. Still as noted, in essence the contributions to 
perceived roominess of the panoramic roof can in some way be scientifically explained.   

73%

27%

Focus

Prefer panoramic roof
Prefer regular roof

Figure 38. Result from survey question “If you could choose one of the two 
roofs (with panoramic roof or without), which would you choose? Why?”. 
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What is on the other hand harder to explain is why a car with less headroom and a panoramic roof can 
feel roomier than a completely identical car with a bit more headroom and no panoramic roof. That is, 
can factors like light and the ability of being able to look outside actually overweigh the physical 
roominess? As strange as it may sound, the clinic results say yes.  
 
In addition to what has been said, colour also affects the perception of objects as stated by Ling & 
Hurlbert (2004). Even though interior colour was not investigated in the clinic (see 3.5.2), the 
participants could still have their say on how colour and light affected them, and in general it was shown 
that most people preferred light interiors. As these results were not critical to the end result, they were 
presented as results. Carrying on, according to Stamps (2011), colour has a relatively small impact on 
perceived roominess in a room compared to other features such as floor area and height. This was 
something which one participant specifically reacted to, arguing that the window’s size and placement 
affects the perceived roominess more than that of colour and light. In addition, there were also quite a 
few that argued that the car’s interior form plays a big role in affecting the perceived roominess. One 
participant described that by having slenderer 1st row seats one would increase the perceived roominess.  
 
4.1.3 HEADREST 
Based on the pictures taken during the clinic, it was possible to determine who used the headrest and 
who did not. As seen in Figure 39 and Figure 40, the majority of the test participants did not use the 
headrest. One test participant in the focus group varied between using the headrest and not using the 
headrest in respective car. This in comparison to the rest of the test participants in the focus group who 
either used the headrest or did not use the headrest in all cars. For this reason, this test participant was 
not included in Figure 39.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 40. Headrest usage (Amount of tests). 
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It should be noted that for some tall participants using the headrest was not optimal, either since the 
head would land above the headrest or since they would have problems fitting. This made it sometimes 
hard to tell if the specific participants would have used the headrest if the conditions were better.  
 
Discussion: 
As no scenario was explained to the participants (e.g. to go for a long drive) and no question was asked 
to specifically verify if, when and why one would use the headrest, it was hard to know the reason for 
using it. However, based on the observations from the clinic an assumption was made regarding the use 
of the headrest:  
A test participant uses the headrest because their normal sitting position includes it or because they 
imagine going for a long ride and therefore wish to be more relaxed.  
 
4.1.4 SITTING POSITIONS 
During the clinic, the test participants were asked to state their normal sitting position in the rear seat. 
This was asked in order to first understand how people usually sit and then to see if they actually sat 
like that, which the photographs would confirm. As seen in Figure 41, most described their normal 
sitting position as either D or A.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
When looking at the photographs most test participants sat according to A or D, or as a combination of 
A and D where the whole back leans against the backrest and the neck is aligned vertically. However, 
when checking if the pictures were coincident with the chosen sitting position figure, A+D was 
interpreted as A. This was since the test participants most likely differed the two figures based on 
whether there was contact with the headrest or not. In addition, at least three participants sat according 
to A but chose figure C.  
 
More than 50 % of the test participants did not (or could not) sit according to their chosen figure during 
the clinic (see Figure 43, Figure 44 and Figure 45). In addition, approximately 60 % of all the tall 
participants did not replicate their chosen sitting position figure. It should be noted that it was sometimes 
hard to tell if the tall participants would have had a different sitting position as they could for example 
have problems fitting, see Figure 42, though it would probably just have affected the shoulders and 
upwards. 
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Figure 41. Normal sitting positions in the rear seat. 
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Discussion: 
One explanation for why at least three participants sat according to A but chose figure C could be since 
they sit like C in a car different to the one tested (the inclination of the backrest and the amount of 
headroom can play a difference). The one that chose figure B was in reality probably closer to A or 
perhaps a combination of A and B, as he had almost full back contact yet the head and neck were shifted 
very forward due to lacking headroom. However, he probably chose B due to its exaggerated forward 
head shift, which he probably thought best emulated his sitting position during the clinic. It should be 
noted that he answered that he never sits in the rear seat, which would make it hard for him to choose a 
“normal” rear seat sitting position- thus making it likely that he would choose the figure that he thought 
was closest to the one attained during the clinic.  
 
In essence, it was quite hard to know exactly how a person sat, as there are so many different possible 
sitting positions. Due to this, only four figures were chosen that could easily be separated and so that 
the question would not take too long time to answer. In this sense, the test participant would have chosen 
the figure who’s focus or distinction displays their sitting position the most (e.g. a displaced H-point 
like in C).  
 
Possible reasons to why there were so many that did not replicate their chosen sitting position figure: 

1. Cannot obtain normal sitting position due to e.g. insufficient headroom  
2. Different sitting positions in different cars (e.g. the figure chosen applies to the car where the 

rear seat is used most and not one of the test cars) 
3. Imagining different scenarios (e.g. long distance for chosen figure and something else for the 

attained sitting position during clinic) 
  

Figure 42. Tall participant having problems fitting in V40 Pano. 
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In both Figure 43 and Figure 44 above, the total count is 44 instead of 45 test participants, which is due 
to one test participant not having chosen their normal sitting position figure.  
  

15

21

2 0
4 2

0
5

10
15
20
25

Figure	=	sitting	position Figure	≠	sitting	position

Nu
m
be

r	o
f	T
P

Chosen	figure	vs.	actual	sitting	position	(excluding	
Focus)

Tall	(Body	Height) Medium	(Body	Height) Short	(Body	Height)

8
6

4

11
9

6

0

5

10

15

Figure	=	sitting	position Figure	≠	sitting	position

Nu
m
be

r	o
f		
TP

Chosen	figure	vs.	actual	sitting	position	(excluding	
Focus)

V40 V40	Pano XC90
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Figure 44. Chosen figure vs. actual sitting position according to each car (exl. Focus). 
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Figure 45. Chosen figure vs. actual sitting position for focus group. 

 
 

In Figure 45, if the test participant has a bar then the person has attained their chosen sitting position 
figure in that specific car. A reason why the focus group diagram was made separately from Figure 43 
and Figure 44 was since a test participant could attain their chosen sitting position in one car while not 
attaining it in the other two. As can be seen in Figure 45, no tall test participant could replicate his or 
her sitting position figure. In the XC90, some tall participants that had chosen figure D but sat according 
to A could use the headrest (even if it was not optimal) while some could not. In the V40 Pano, only 
two tall people could use the headrest in comparison to the regular V40 where all the tall people except 
one could use the headrest. Furthermore, two tall test participants sat as a combination of A and C 
(shifting H-point movement with vertical aligned head and neck), yet both chose C as their normal 
sitting position’s figure.  
 
In addition, three short participants did not attain their chosen sitting position figure- they had all chosen 
D but sat according to A. One short and one medium only attained their chosen figure in one car, and 
one medium attained his/her chosen figure in two cars. Two short and two medium participants obtained 
their chosen figure in all cars.   
 
Discussion: 
Why two tall test participants from the focus group sat as A and C yet chose figure C, was probably 
since the shifting H-point movement in C was most defining and not so much whether they used the 
headrest or not.  
 
4.1.5 H-POINT MOVEMENT 
Each test participant’s sitting position was photographed during the clinic. By analysing these pictures 
together with understanding where SRP was in each car, the H-point movement could be estimated as 
shown in Figure 46 and Figure 50. Two diagrams were made again (one for those testing only one car 
and one for the focus group) seeing as some participants in the focus group had different H-point 
positions in different cars. The diagrams are divided into three categories: i) No H-point movement, ii) 
<30 mm H-point movement that represents little or some H-point movement, and iii) >30 mm H-point 
movement that represents quite some or a lot of H-point movement. The distances are based on 
measurements of the car seat cushions in CATIA V5 and by studying the photographs (see 4.2).  
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In the V40s, the majority of the participants moved their hip forward to make up for the insufficient 
headroom (see Figure 47). However, there were those that also did it for pure pleasure, i.e. they liked 
sitting like that. In addition, some tall participants wanted to sit in SRP even though they had insufficient 
headroom. This was obvious in the pictures as the tall test participants persistently sat in SRP even 
though the neck and head were not positioned comfortably. For many participants the ideal sitting 
position without any restrictions such as limited headroom is as the one shown in Figure 48. As can be 
seen in Figure 46 for those that only tested one car, only tall people moved their H-point along with one 
short person. However, this differed a bit for those in the focus group (see Figure 50), where 60% of 
the short and medium participants had a little or some H-point movement in at least one car. In essence, 
one can say that most people wish to sit in or close to SRP if the roominess conditions are 
satisfactory/good.  
 
Furthermore, in the V40s the tall participants sat in SRP or in front of SRP, while the short and some 
medium participants sat in SRP or behind SRP. In the XC90, almost all participants sat in SRP or a 
little behind SRP. One tall participant had a lot of H-point movement, see Figure 49, and was the only 
one that actually sat like figure C.   
   
 

 
Figure 46. H-point movement from SRP (excl. Focus). 
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Figure 50. H-point movement from SRP (Focus). 

 
In Figure 50 above, the short bars indicate little or some H-point movement (approximately <30 mm) 
while the tall bar indicate quite some or a lot of H-point movement (>30 mm). As can be seen above, 
nobody in the XC90 had moved his or her H-point from SRP.  
  

Figure 48. Medium TP sitting in SRP. Figure 47. Tall TP with some H-point movement. 

Figure 49. Tall TP with a lot of H-point movement. 
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Discussion: 
A reason why the tall people in the focus group did not move their H-point from SRP could be since 
there was sufficient headroom in the big car. However, why did some short and medium people have 
little or some H-point movement in at least one of the V40s and nothing in the XC90 when the headroom 
was at least satisfactory in all three cars? An explanation is that it could be due to the rear seat’s torso 
angle, the angle between the rear seat’s backrest and seat cushion, the height from floor to seat cushion 
and perhaps even the seat’s width as some wider individuals might have a problem with the belt buckle 
comfort.  
 
4.1.6 HEADROOM 
In Figure 51 below, the test participants’ headroom have been sorted into different headroom intervals 
with reference to their sitting height. As can be seen, many tall participants had no headroom at all.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The headroom recorded in each car is presented in Figure 52, Figure 53 and Figure 54 below. In the 
diagrams one can easily distinguish the short, medium and tall participants from each other as each 
group lands in a different region. The diagrams also display that the tall participants that had zero 
headroom experienced it in the V40 cars, specifically the V40 Pano where many more had zero 
headroom. 
  

0

5

10

15

20

25

30

0 1-15 16-30 31-60 61-90 91-120 >120

Nu
m
be

r	o
f		
TP

Headroom	(mm)

H35-2:	Headroom

Short	(Sitting	Height)

Medium	(Sitting	Height)

Tall	(Sitting	Height)

Figure 51. Headroom. 



 

47 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
  

0

20

40

60

80

100

120

He
ad
ro
om

	(m
m
)

H35-2:	Headroom	(V40)

Tall	(Sitting	Height) Medium	(Sitting	Height) Short	(Sitting	Height)

Figure 52. Headroom (V40). 

0

20

40

60

80

100

120

He
ad
ro
om

	(m
m
)

H35-2:	Headroom	(V40	Pano)

Tall	(Sitting	Height) Medium	(Sitting	Height) Short	(Sitting	Height)

Figure 53. Headroom (V40 Pano). 



 

48 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
In Figure 55, Figure 56 and Figure 57 the measured headroom as seen in the figures above is set against 
the perceived headroom rating. It should be noted that Figure 55, Figure 56 and Figure 57 might in 
some cases not show all test participants as two people might have had zero headroom and given the 
same rating- yet the diagram shows them as only one participant. However, this is mostly for those that 
had zero in headroom. This is the main reason why the diagrams before (Figure 52, Figure 53 and Figure 
54) are displayed so that one can see each test participant’s measured headroom.  
 
With this said, fourteen tall participants had zero in headroom- all giving a rating of four and below 
which is inadequate. Out of these fourteen, four were in the V40 and ten were in the V40 Pano. In 
addition, only seven out of twenty-one tall and medium participants in respective V40 could attain a 
headroom rating of 5-7. All short participants (except one; see Red circle annotation below) could obtain 
a headroom rating of five or more in the V40 cars.  
 
In the XC90, all short participants and almost all tall and medium participants were able to obtain a 
headroom rating of seven or more.  
 
In the following diagrams (Figures 55-57) of headroom rating vs measured headroom, the coloured 
circles indicate outliers or observations made. The accompanying texts outline both results and 
discussions.  
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Purple circle: The test participant complains about inadequate headroom. Hard to say why the 
participant gives such a low rating, except perhaps that the person is very critical. One reason could 
also be due to that the car feels claustrophobic partly due to the curvature of the roof. This particular 
participant did not describe the rear seat as claustrophobic in the V40, however, at least one participant 
did.   
 
Orange circle: See 4.3. This circle is directly connected to the testing and development of the method 
and is therefore discussed in chapter 4.3. 
 
Red circle (see both V40 and V40 Pano diagram): This particular short test participant gave a headroom 
rating of three in the V40, yet gave a rating of seven in the V40 Pano where the headroom was less. 
The person complains that the rear seat backrest is too straight in the V40 (i.e. that more backrest angle 
is desired) yet much better in the V40 Pano, and that the panoramic roof increases roominess. 
   

 
Blue circles (see both V40 and V40 Pano diagram): Test participants have less headroom in the V40 
Pano compared to the regular V40. However, they give a higher headroom rating in the V40 Pano 
compared to the V40, mainly due to the effect of the panoramic roof. The ratings for the participants 
increase from five to six, from seven to eight and from five to ten. In addition, a tall participant increased 
his headroom rating from one in the V40 to four in the V40 Pano. His main reason for doing so was 
since the headroom was better under the panoramic glass, but also since the panoramic roof increased 
the perceived roominess. In essence, as shown by both the red and blue circles, the data clearly indicates 
that the panoramic roof can have a positive effect on a short, medium and tall person’s perceived 
roominess in a car.  

Figure 55. Headroom rating vs measured headroom (V40). 

Figure 56. Headroom rating vs measured headroom (V40 Pano). 
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Green circle (see V40 Pano diagram): This participant had extremely much H-point movement (the 
most of all) which explains why the person as the only tall participant had so much headroom and 
could give a rating of seven.  
 
Black circle (see V40 Pano diagram): This participant’s head was tilting downwards along with some 
H-point movement, which could explain why the person as a tall participant has so much headroom in 
the V40 Pano.  
 
 

 
Red circle (see XC90 diagram): The participant had 20 mm to the roof with the hair touching the roof, 
and gave a headroom rating of one. He is the third tallest in sitting height with 8 mm short of the tallest 
sitting height. According to the photographs, this tall participant seems to sit up straighter (i.e. with a 
more stretched out back) compared to the participant with the tallest sitting height. This could explain 
why he is closer to the roof (i.e. has less headroom) than the participant with the tallest sitting height 
(see Purple circle). Furthermore, the participant explains that more legroom would increase the 
headroom as he could then sink a bit more.  
 
Purple circle (see XC90 diagram): This participant had the greatest sitting height with 34 mm in 
headroom and gave a rating of four. As mentioned above, this participant sits with his back less straight 
than the participant in the red circle, which gives him more headroom. However, he complains that the 
roof is a problem and that he is in contact with it. As he has vertical headroom, an explanation for this 
could be that his head/hair was in contact with the roof’s side beam (the beam between the roof and the 
door/window, i.e. where the roof bends).  
 
Orange circle: This participant is the second tallest in sitting height and had 45 mm in headroom and 
gave a rating of seven. A reason why he would have 11 mm more in headroom than the participant with 
tallest sitting height could be since he is sitting more slumped. He also complains that the roof is in 
contact, yet he specifically explains that his head is in contact with the roof’s side beam.  
 
As a conclusion of the XC90 diagram, the test participant in the red circle has the least headroom since 
he has a very straight back- even though he is some millimetres shorter than the participants in the 
purple and orange circles. Interesting to note is that these three tallest participants create a linear 
relationship- as the headroom increases so does the headroom rating.  
 
  

Figure 57. Headroom rating vs measured headroom (XC90). 
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Presented below in Figure 58 and Figure 59 are the headroom measurements and headroom ratings 
from the focus group. When analysing the results from the clinic, the possibility arose of merging the 
results from the two V40s in order to better see trends and increase the statistical accuracy. Whether to 
merge the data from the V40s or not was based on the data from Figure 58 and Figure 59. If the 
difference would turn out to be too big between the two cars, then the decision would be made not to 
merge.  
 
The initial hypothesis before studying Figure 58 and Figure 59 was that, if the test participant is in 
contact with the roof in both V40 cars then the panoramic roof contributes with an extra dimension in 
comparison to the regular roof, i.e. it increases the perceived roominess. As seen in Figure 58, three 
participants had contact with the roof (i.e. zero headroom). One of them thought that the V40 Pano had 
better headroom while the other two believed that the headroom was the same in both cars (see Figure 
59).   
 
Furthermore, five test participants considered the V40 Pano to have better headroom than the regular 
V40. Out of these five only one participant had contact with the roof. The remaining four participants 
had more headroom in the regular V40, yet considered the V40 Pano to have better headroom- probably 
due to the panoramic roof. In addition, five participants thought that the regular V40 had more headroom 
and four participants thought the headroom was the same in both V40s. One person (TP47) was not 
included in the analysis as the participant was missing a headroom rating for the V40 Pano.    
	
Due to the fact that more than 70% believed there was a difference between each respective V40, the 
decision was made not to merge the two data.	
 

 
 
  

Figure 58. Headroom (Focus).  
Note that where a column is missing, the headroom is zero.  
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Discussion: 
An interesting observation drawn from the analysis above, with regard to the focus group, was that five 
test participants perceived that the V40 Pano had better headroom even though there was more 
headroom in the regular V40.  
 
According Öst (2007), studies show that approximately 4% of the general population have experienced 
claustrophobia at some point in their life. From the clinic, it was observed that claustrophobia, the fear 
of enclosed spaces, was something that a few participants reacted to when testing the V40s. Whether 
these participants really feared enclosed spaces or simply did not like them is hard to tell. It should be 
noted that there were only two or three participants that specifically mentioned that they felt the rear 
seat in the V40 was claustrophobic. The fear or simply the dislike of enclosed spaces is probably one 
of the side effects (besides decreased headroom) that comes with a more dynamic vehicle design. In 
addition, with the panoramic roof participants felt less enclosed as it became lighter, airier and in 
essence increased the perception of roominess. One participant specifically described how roof edges 
that continue down on the side of the car and high beltlines (a line along the car’s side just under the 
windows) easily give a feeling of confinement. It should also be added that by being able to look outside, 
the effect of feeling enclosed probably reduces.  
 
  

Figure 59. Headroom rating (Focus).  
Note that for TP47 the V40 Pano rating is missing.  
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4.1.7 KNEEROOM 
In Figure 60 below, kneeroom has been sorted into different intervals in order to give an overview of 
the most frequent kneeroom intervals. Diagonal measurements of when the knees were outside the 
driver’s seat are not included in the diagram (instead see 4.1.9). This is since they do not correspond to 
the regular horizontal measurements. As can be seen, many participants had their knees in contact with 
the driver’s seat (i.e. zero kneeroom) and four people had more than 90 mm in kneeroom. Most common 
kneeroom to have was 31-60 mm. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In Figure 61, Figure 62 and Figure 63, the measured kneeroom is set against the perceived kneeroom 
rating with reference to buttock-knee length. Once again, no diagonal kneeroom measurements were 
used in the diagrams. In addition, multiple zero kneeroom that share identical kneeroom rating are 
displayed as one dot, which makes it hard to identify participants with the same results in the diagrams. 
Thus, if one wants to study or count how many participants had zero kneeroom with respective 
kneeroom rating, then one must look at Figure 64, Figure 65 and Figure 66.  
 
By studying Figure 64, Figure 65 and Figure 66, one can observe that eleven test participants (of which 
eight were tall) had zero kneeroom- yet still gave a kneeroom rating of five or more. This is if one only 
counts each focus participant once. If one instead were to count all, regardless of how many cars one 
had zero kneeroom in, then the zero kneeroom count increases to sixteen- with a kneeroom rating of 
five or more. As can be seen in the figures there were quite a few who gave a kneeroom rating of 8-9.  
 
A few participants did comment on why they were satisfied with no kneeroom. One reason was that it 
was better like that as the legs were fixed in a specific position and would not move during the journey. 
Another was that they took into consideration that there was a driver in the driver’s seat and thus did 
not wish to push the limits. That is, it is more important that the driver can fit well than the one sitting 
in the rear seat. Furthermore, there were probably many tall participants who thought that if the 
headroom was insufficient for them, then having extra kneeroom would not contribute that much to the 
overall perceived roominess.  
 
Discussion: 
Many short participants desired a lot of kneeroom and many tall participants were satisfied with little 
or no kneeroom. In essence, what this showed was that many tall participants were satisfied with little 
or no kneeroom while short participants wanted plenty of kneeroom. Consider all this and add the fact 
that the test participants were asked how much they wanted the driver’s seat to be moved forward in 
order to increase the general roominess rating.  
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Thus, why did the short want so much kneeroom while the tall were happy with none? A theory was 
established that stated: since tall people are aware of that products in general (cars in this case) are 
not made with them in focus, they adapt and lower their expectations when using the products. In turn, 
short and medium people are used to having products developed for them and thus tend to want or 
expect more than what is sometimes presented to them. That is, tall people know that the car’s rear seat 
in essence is not developed around them and thus do not push the limits, but instead might even lower 
their limits. However, short and medium people are so used to sitting well in the rear seat that they 
instead sometimes wish to push the limits and sit extremely well.  
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Figure 61. Kneeroom vs kneeroom rating (V40) 
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Figure 62. Kneeroom vs kneeroom rating (V40 Pano) 
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Figure 63. Kneeroom vs kneeroom rating (XC90) 

Figure 64. Kneeroom 0 vs kneeroom rating (V40). Blue bars show participants from the V40 group and purple 
bars show participants from the focus group. 
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The measured kneeroom for the focus group is shown in Figure 67 with reference to body height. As 
can be seen, both TP52 and TPE2 had no kneeroom in the XC90 yet had kneeroom in the V40s. TP49 
and TPE3 had zero kneeroom in all cars. In addition, TP46 and TP55 had both diagonal measurements 
in both V40 cars.  
 
Discussion: 
TP49 and TPE3 had both zero kneeroom in all cars, which strongly indicates that they did not want any 
kneeroom as they probably felt better without it. 
  

Figure 65. Kneeroom 0 vs kneeroom rating (V40 Pano). Red bars show participants from the V40 Pano group 
and purple bars show participants from the focus group. 

Figure 66. Kneeroom 0 vs kneeroom rating (XC90). Purple bars show participants from the focus group. 
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Why both TP52 and TPE2 (see Figure 67) had no kneeroom in the XC90 yet had kneeroom in the V40s 
is hard to say, as there are no comments made on this. However, an assumption is that for the V40s the 
participants had less headroom (plus the fact that it felt more claustrophobic) and therefore chose to 
compensate with some kneeroom.  
 
Furthermore, in the XC90 where the participants had plenty of headroom (plus the fact that it feels very 
open and big, i.e. very good roominess), the idea of compensating with kneeroom maybe was not as 
appealing. TP48 did the opposite of TP52 and TPE2- the participant had no kneeroom in the V40s yet 
had kneeroom in the XC90. In this case, since TP48 is a tall participant an assumption is made that 
since the V40s are small cars and priority is that the driver can fit, he chose to have just enough room 
so that his legs are not compressed. As long as the legs are not compressed, he probably did not need 
kneeroom considering the driver had to fit. In addition, since the XC90 is a very big and spacious car 
the idea of having to think of the driver fitting perhaps does not occur as much. That is, the participant 
is able to have some kneeroom since he does not have to worry about the driver’s seat moving forward 
too much as the driver will probably fit.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Figure 67. Kneeroom (Focus). 
Note that where a column is missing, the kneeroom is zero.  
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4.1.8 KNEE ANGLES 
The knee angles that the test participants obtained during the clinic are shown in Figure 68, Figure 69 
and Figure 70, and sorted according to buttock-knee length. In the V40 cars, the short participants 
desired bigger knee angles (80-120°) while the tall participants for the most part had 75-85°. In the 
XC90, tall participants had for the most part 70-90° while short participants had 90-110°.  

 
As seen in Figure 68, tall participants had a tendency to obtain knee angles between 72-86 degrees in 
the standard V40. In addition, a small tendency of the legroom rating increasing for the tall participants 
as the knee angle increases can be seen. Concerning the short participants, their knee angles could vary 
quite a lot, from 80-120 degrees.  
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Figure 68. Knee angle vs legroom rating (V40). 
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As seen in Figure 69 for the V40 Pano, tall participants mostly obtained a knee angle between 72-82 
degrees with a small tendency of increasing knee angle with increasing legroom rating. In addition, 
short test participants had a big span (81-107°) which is a bit more evenly distributed than the regular 
V40 and the XC90.  
 

 
In the XC90, tall participants had quite an even distribution with the majority obtaining knee angles 
between 70-90 degrees (see Figure 70). In addition, all the tall test participants gave a legroom rating 
of seven or higher. Yet, no strong positive correlation between the knee angle and the legroom rating 
can be seen as different ratings have overlapping knee angles.  
 
The short participants are quite spread out from 73-113 degrees where the densest area is between 90-
95 degrees with all except one attaining a rating of at least eight. However, the chosen knee angle span 
for the short people was 90-110 degrees in order to account for those that were outside the densest area 
yet were considered a part of the span.  
 
In Figure 71, one can see how with increasing leg length the knee angle decreases. It should be noted 
that if the outlier to the bottom left of the diagram is removed then R2 for V40 Pano increases from 
0.2561 to 0.43 and thus shows the biggest degree of distribution in terms of all the cars.  
 
In Figure 72, the knee angles for the focus group are shown, where eight test participants had a greater 
knee angle when testing the V40 compared to when testing the V40 Pano, and three test participants 
had a greater knee angle in the V40 Pano than in the V40. With a significant knee angle difference of 
more than three, the eight test participants decreased to five, and the three test participants decreased to 
two. All other test participants had the same angle or no significant difference (i.e. ≤3 degree 
difference). In addition, with a significant knee angle difference of more than three- five test participants 
had their greatest knee angle in the XC90, two test participants had their greatest knee angle in the V40 
and one test participant that had greatest in the V40 and V40 Pano.  
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Figure 70. Knee angle vs legroom rating (XC90). 



 

60 
 

  

 
 

 
Discussion: 
The big knee angle that the short participants wanted to obtain indicates that they requested a lot of 
legroom. In addition, as stated above for the XC90 no strong correlation can be seen between the knee 
angle and the legroom rating. However, if to look at those that obtained a rating of nine and compare to 
those that obtained an eight or a seven, then one could say that with increasing knee angle the legroom 
rating becomes better.  
 
The increase in leg length as the knee angle decreases, shown in Figure 71, came as a surprise as the 
original assumption was that longer legs would correlate to a greater need in legroom. Furthermore, 
with a significant knee angle difference of more than three- five test participants had their greatest knee 
angle in the XC90, two test participants had their greatest knee angle in the V40 and one test participant 
that had greatest in the V40 and V40 Pano. This shows that for the most part, test participants wanted 
bigger knee angles in the regular V40 compared to the V40 Pano and that a bigger knee angle was 
preferred in the XC90.  
  

Figure 71. Leg length vs knee angle. 

Figure 72. Knee angles (Focus). 
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With regard to the focus group, one reason why many wanted a bigger knee angle in the regular V40 
could be since it was the first car that was tested and therefore maybe the limits were tested. Another 
reason could be since the distance from the seat cushion to the floor was bigger in the V40 Pano, a 
greater knee angle than in the regular V40 would be less likely to accomplish (even if it is just a couple 
of degrees). In turn, the bigger knee angle preference in the XC90 could depend on that it is a big car 
and therefore the expectations and requirements of good legroom automatically increases. 
 
4.1.9 DISTANCE BETWEEN KNEES 
In total there were eleven test participants that had their knees on the outside of the driver’s seat (see 
Figure 73, Figure 74 and Figure 75). However, since two of these eleven were part of the focus group 
and had their knees outside of the seat in both V40s but not in the XC90, there were in total thirteen 
measurements as seen in Figure 73. Out of these eleven test participants, ten were at least 60%ile in 
knee height and out of these ten participants, eight were at least 80%ile in knee height (see Figure 75). 
In addition, out of the total eleven participants, eight were at least 80%ile in buttock-knee length (see 
Figure 74).  
 
Discussion: 
The results above indicate that mostly tall people have their knees outside the driver’s seat. Furthermore, 
the reason why the test participants from the focus group only had their knees outside the seat in the 
V40s and not the XC90 could depend on the fact that the cars dimensions are different (e.g. distance 
from floor to seat cushion, both rear seat and driver’s seat form and dimensions). For some participants, 
a reason to have their knees outside the seat could be since their knees get to lean against something 
(e.g. left knee against door and right knee against centre stack and driver’s seat). In addition, as 
described earlier in 4.1.7 some wished to have their legs locked in a fixed position (see 4.1.7). Another 
reason could be that, by having the knees outside the seat one does not have to move the driver’s seat 
forward as much- seeing as some considered the roominess for the driver. A third reason could simply 
be that a certain distance between the knees gives them more comfort (see Figure 77). 
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Many test participants would either strive to obtain a distance between their knees as seen in Figure 76 
or as seen in Figure 77. In addition, for all cars the distance between the knees was in general greater 
than 200 mm and less than 600 mm. In the V40 cars, the distance between the knees was mostly 
concentrated between 250-350 mm (see Figure 78 and Figure 79). In turn for the XC90, the distance 
between the knees was generally focused around the 500 mm mark- mostly accounting for tall 
participants (see Figure 80). In addition, no strong correlation can be seen between the legroom rating 
and the distance between the knees. That is, it is hard to define what distance between knees gives good 
legroom rating as the different ratings have similar distance between knees intervals.  
 
In Figure 81, distance between knees is set against kneeroom where the red circles indicate diagonal 
measurements (i.e. knees outside of driver’s seat). From the figure, one can observe a little positive 
correlation for the test participants with 400-600 mm in distance between knees where the kneeroom 
increases with increasing distance between knees. In contrast, for the short participants with 100-300 
mm the distance between knees seems to in some cases increase with decreasing kneeroom. In addition, 
an interesting observation is that the majority of the tall participants that had 0 mm in kneeroom had 
less in distance between knees (220-340 mm).  
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Figure 78. Distance between knees vs legroom rating (V40). 
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Figure 81. Distance between knees vs legroom. 
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As shown in Figure 82 (which displays the distance between knees for the focus group), the distance 
between knees varies from car to car. For each participant it is possible to create a span, from minimum 
to maximum distance between knees. TP51, who has the least distance between knees, had both knees 
in contact with each other. 
 
4.1.10  SCANNED MEASUREMENTS VS. NOMINAL MEASUREMENTS 
It had been observed from the clinic, that some participants from the focus group had considered the 
V40 Pano to have more legroom than the V40. It was thought that the scanned data would give an 
explanation to why this was. It turned out that the measured H30-2 values for the V40 and the V40 Pano 
differentiated a bit, which was a bit strange since the cars were supposed to be identical except for the 
roof. Then again, the difference was not very big and is most likely within the acceptable limits.  
 
In terms of the headroom difference between the two V40s, the scanned results verified the expected 
difference with the panoramic roof contributing to less headroom. In essence, the difference between 
the nominal and measured values was for the most part insignificant. However, in some cases 
(especially for the XC90) the differences could be quite big. 
 
Discussion: 
Even though the H30-2 difference between the V40s was probably insignificant, it was still used as a 
possible explanation for why some test participants from the focus group thought there was more 
legroom in the V40 Pano than in the regular V40. Another possible explanation was since the driver’s 
seat in the V40 Pano turned out to be a bit further forward in comparison to the V40. This was most 
likely due to one of the driver’s seats not being fully set in design position. In addition, the rear seat 
cushion in the V40 Pano was higher up than in the V40. 
 
With regard to the bigger differences in the XC90, they could not always be explained due to lacking 
knowledge in the area. However, it was thought that it was probably due to manufacturing tolerances.  
 
4.1.11  CORRELATION ANALYSIS IN MINITAB 
By using Minitab 17, which calculates Pearson’s correlation coefficient, calculations of linear 
correlations could be made between measurements and scores. This analysis gave mixed results where, 
for example, scores for headroom and H35-2 measurements showed very strong correlations for some 
groups of test participants, but not for others. For a complete compilation of the data, see Appendix E. 
  

Figure 82. Distance between knees (Focus). 
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Discussion: 
In the focus group, there were clearly different correlations between the variables for each of the three 
cars. Since it was the same participants in all the tests, the conclusion can be made that the differences 
are due to the cars. The V40 and V40 Pano had similar results from the correlation calculations since 
they were identical except for the panoramic roof. However, there was a stronger correlation between 
the kneeroom and general roominess scores in the V40 Pano.  
 
Where there were weak correlations there was too much subjectivity involved regarding the test 
participants’ scores and measurements. For example, one can argue that a large amount of headroom 
should render a high score for headroom but that was not the case in this study. Some test participants 
wanted huge amounts of leg- and headroom in order to reach an eight or more. On the other hand, other 
participants only needed small amounts or even no space at all to give the same score. Furthermore, 
low scores were also reported although the participant had very good head and kneeroom. This is why 
some correlations were weak when they logically should be strong. 
 
4.1.12  SUMMARY OF MOST IMPORTANT RESULTS 
 

• Legroom was almost as important as headroom for the test participants. 
 

• The majority of the test participants believed the panoramic roof had a positive impact on their 
perceived roominess. In addition, the panoramic roof was described as making the interior 
airier, more luxurious, lighter and in essence roomier.  
 

• As many as 78% of the participants did not use the headrest.  
 

• Approximately 60% of the tall participants could not achieve their chosen sitting position 
figure. 

 
• The majority sat according to sitting position figure A or D (or a combination). However, if 

they had insufficient headroom then many chose to slide their hip forward to sit more like figure 
C. 
 

• In the V40 cars, tall participants had their H-point in SRP or in front of it, while short and some 
medium participants sat in SRP or behind it. In turn, in the XC90 almost all test participants sat 
in SRP or behind it. In essence, the majority of the test participants moved their H-point forward 
in order to fit. However, some also moved their H-point since they desired to sit like that.  

 
• Tall participants could at most achieve a headroom rating of seven in the V40 cars, where two-

thirds could not even achieve a rating of five. In turn, basically all short participants could 
obtain a headroom rating of five or more in the V40 cars. In the XC90, all short and almost all 
tall participants could obtain a headroom rating of seven or more.  
 

• Fourteen tall participants (four in V40 and ten in V40 Pano) had zero headroom, all giving a 
rating of four or less.  

 
• Many tall participants had zero kneeroom and still gave a kneeroom rating of five or more. 

Many short participants wanted a lot of kneeroom and had in general bigger knee angles.  
 

• The majority of the tall participants who had zero kneeroom had a distance between the knees 
(220-340 mm) that was smaller.  
 

• In general, tall participants proved to be less fastidious in comparison to short participants, 
regarding how much room that one needs to achieve a rating of five or more. 
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4.2 DATA TESTING AND VALIDATION IN RAMSIS 
From the testing of the eight tall manikins in RAMSIS, a coefficient was produced that could be used 
to calculate how much a manikin, depending on how much roof penetration existed while in SRP, would 
need to move their hip forward in order to fit. This coefficient, known as the H-point movement 
coefficient, was the ratio between the roof penetration and the necessary H-point movement in order 
for the manikin to fit. As shown in Table 3, the ratio average, which became the H-point coefficient, 
was 1.25. Thus, by multiplying this number by the roof penetration, as the manikin is positioned in 
SRP, one would get an estimation of how much H-point movement was needed in order for the manikin 
to fit.  
 

 
Discussion: 
The H-point coefficient was an alternative to solving the headroom problem for tall participants in the 
V40. The fact that this was a possible solution was based on the clinic results, which showed that many 
who had problems with the headroom resolved to moving their hip forward. In terms of everyone else 
who could fit (for the most part medium and short), the H-point was placed in SRP or close to it as this 
was where the majority of the participants wanted to sit. 
 
 
4.3 METHOD DEVELOPMENT AND TESTING 
From the clinic results, it was possible to obtain relationships between roominess measurements and 
their respective ratings that could be used in answering who can fit in the rear seat of a car. However, 
the problem with this was that the results and their respective relationships did not always provide trivial 
answers. For example, the different ratings often had overlapping measurements or measuring spans. 
This was due to lack of participants and since the answers given were very subjective. That is, one 
person might think that 30 mm headroom is adequate while another might think it is inadequate. 
Nevertheless, for the obtained results the best solution seemed to be to create spans that would tell 
whether a tall or short person would fit in a respective car (tall and medium participants were combined, 
see beginning of 4.1). These spans would tell within what region a roominess measurement should land 
in order to attain a rating of five or more. Initially, the desire was to obtain values or spans for each 
rating above five. However, due to overlapping values it was decided that the results would at best tell 
who could fit at least adequately (rating of at least five).  
  

Table 3. H-point movement coefficient calculation 
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Two variant spans were created, one for each respective car and one for a small and a big car. The small 
and big car variant was developed to be accustomed to the execution of the method. This was since they 
could be used more generally, while the three cars from the clinic were very specific. The small car was 
essentially based on the two V40s while the big car was based on the XC90.   
 
The simultaneous link between the roominess limits for ratings five and above (i.e. the measurement 
spans and their corresponding ratings) and the procedure of how to position manikins in the rear seat in 
RAMSIS, led to the development of the Virtual Rear Seat Positioning and Roominess Evaluation 
Method. 
 
Discussion: 
Orange circle (see section 4.1.6 regarding V40 and V40 Pano diagrams of Headroom rating vs. 
measured headroom): When creating the spans for the method, there was a discussion over whether the 
headroom needed (for tall participants) to obtain the minimum acceptable headroom rating of at least 
five was correct to use. For tall participants, the headroom needed to obtain the minimum approved 
rating was 10 mm in the V40 and 29 mm in the V40 Pano. As seen in the V40 diagram, only one out 
all of the tall participants who gave ≥5 in rating had 10 mm in headroom. Due to this, it is possible to 
consider this measurement as an outlier if one also considers the approved tall measurements in the V40 
Pano, which are all 27 mm and above. However, since there are quite a few nearby measurements (see 
orange circle) it was decided that 10 mm would act as the smallest headroom value for a small car. If, 
however, all the nearby measurements were instead greater than 20 mm then the minimum headroom 
would not have been 10 mm.  
 
The method that was developed for RAMSIS, which describes how to position and determine what 
manikins fit in the rear seat, was based on spans that told how much room was needed for that specific 
individual in order to attain an adequate rating of at least five on the VCC scale. That one could only 
define who could fit (at least a five) in the rear seat and not how well one could fit (a specific rating) 
was of course a problem. This problem existed partly due to the tall participants’ insufficient headroom 
in the V40s, where they could at most achieve a headroom rating of seven. In contrast, the majority of 
the tall participants could achieve a headroom rating of at least seven in the XC90. In turn, by combining 
the headroom data from the two cars it would be possible to give a more specific rating of how well a 
tall participant fits. It should be noted here that the roof is the most valued rating as the roof cannot be 
moved in comparison to for example the driver’s seat which can be moved. Thus, headroom is weighed 
more than legroom in the case of an ergonomics evaluation, even though legroom might to some people 
be as/more important than headroom. What this means is that the headroom acts as the bottleneck, 
which controls whether a rating of at least five or a more specific rating can be used.  
 
In continuation of what was said before, by using the data from the V40s it is possible to define how 
much headroom a tall individual would need to accomplish a headroom rating of <7. In turn, the data 
from the XC90 could be used to define how much headroom a tall person would need to achieve a 
rating ≥7. The reason why this was not considered in the beginning was partly due to diverted focus on 
each respective car on its own. In addition, when it was discovered towards the end of the project it was 
at first considered a doubt. This was since it was thought that just because one gives a rating of for 
example 7 in the V40 for a headroom of 30 mm, does not mean the same person would give a 7 for 
approximately 30 mm in the XC90. That is, it was thought that perhaps the environmental difference in 
the car would affect the headroom, e.g. the headroom is measured in the same way yet since the amount 
of room in the XC90 is more than in the V40 the headroom rating is affected. Of course this could very 
well be true, however, it was discarded since it was ruled as insignificant. Thus, in essence if one wishes 
to have a more specific rating and attain an understanding of how well an individual sits in terms of 
headroom, then one can combine the headroom data from the cars. As it was discovered so late in the 
project it was never included in the results. In addition, combining the short headroom values and ratings 
from all cars was not as simple. This was since, in the XC90 all but one gave a rating of 10 and in the 
V40s a low rating could attain the same headroom as a high rating and so on.  
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In chapter 2.3 regarding RAMSIS, it states that the software can make realistic predictions concerning 
roominess. This is correct to some extent. The program by means of CATIA can calculate how much 
room one has by use of measurement tools and constraints. However, the amount of actual space a 
manikin has is dependent on the successfulness of positioning the manikin which is based on how 
correct the posture model is and how well the constraints work. When testing RAMSIS the automatic 
posture calculation always had a default posture of that of a driver with the arms straight forward as if 
holding the steering wheel. In addition, based on this project’s literature review it seemed as if most 
studies regarding posture and motion in the car were made for someone driving. That is, studies seemed 
to focus more on driving postures than sitting postures as well as on front seating instead of rear seating, 
as in the case of the study performed by Vogt et al. (2005). Furthermore, as stated in 2.3 the RAMSIS 
posture discomfort assessment is only applicable for analysis of driving postures (Meulen & Speyer, 
2005). Nevertheless, the software maker states that the program is also developed for passengers- yet 
no specific mention of the rear seat. Here it should be noted though that when defining what posture 
model to use the only logical alternatives to use for a car are that of settings Car and Passenger. For 
this thesis, the Car setting was used seeing as the project dealt with cars. For this reason, the Passenger 
setting was not used. In retrospect, the Passenger setting should have been tested more (it was only 
briefly tested) as it could perhaps have provided better results. In essence, it was thought that choosing 
the Car setting would apply to the whole car.  
 
To add to this, the VCC ergonomics department argued that the program did not mirror realistic posture 
models in the rear seat very well and that it was primarily developed for the driver’s seat. Thus in 
essence, the roominess predictions in the rear seat fail to become accurate unless the sitting posture is 
correct (i.e. realistic). In addition, since the automatic posture calculation fails to apply well (see below) 
in the rear seat and the discomfort assessment does not apply at all, it can become a bit tricky when 
positioning a manikin and checking how comfortable the sitting position really is. This is why a clinic 
was developed and executed in order to try and fix these existing problems. With help of the clinic data, 
it was possible to position manikins in the rear seat so that they could fit.  
 
In terms of the comfort angles mentioned in 2.3.2, they were not compared to the clinic results and even 
if they were only specific joints could be compared. Initially, however, it was thought that the clinic 
would produce single values like those shown in Table 1 and not spans which the clinic produced. Then 
again, to say that a single value can apply to all body sizes together with the different subjective opinions 
that people have, is a bit questionable. Of course, single values can specify where and how a certain 
default manikin would sit- e.g. a medium size manikin or a 95%ile SAE manikin. That is, a single value 
could be applied to a whole population as a recommended value, however, then everyone in that 
population would have to achieve the same approximate roominess rating.   
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RAMSIS positions the manikin by calculating the position based on the specified constraints. A 
problem with this, for the purpose of this thesis work, was that the calculation appeared to be optimized 
for a sitting position in the driver’s seat. Perhaps due to this, the lumbar curvature (the lower part of the 
spine) of the manikin does not represent a rear seat sitting position when e.g. the headroom is limited, 
i.e. a lumbar curvature that is more compressed or slumped (see Figure 83). In addition, as seen in the 
description of Figure 83, kyphotic is when the upper part of the spine (thoracic part) and the tail or the 
bottom part of the spine (sacral part) are compressed in a convex manner. In a seated position the lumbar 
curvature of a kyphotic spine can bend in the same convex manner as the rest of the spine. In turn, 
lordotic is when the lumbar part and cervical part (the neck spine or the most upper part of the spine) 
are bent inward toward the front of the body, i.e. the opposite curvature of kyphotic. In a seated position 
the lumbar curvature of a lordotic spine can become more upright.  
 
In most cases, the roof does not limit the manikin when positioned in the driver’s seat. Therefore, the 
small adjustments one makes to compress the upper body in order to fit better when the headroom is 
limited, is something that RAMSIS is unaware of. That is, RAMSIS focuses mostly on a manikin fitting 
when upholding a normal and upright back. In essence, this means that it is hard to create a rear seat 
sitting position that is 100 % correct based on the clinic results. 
 
It is possible to control the torso posture in the following ways: 

• Using the RAMSIS Torso Posture in the Task Editor 
• Constraining the manikin (e.g. by use of headrest constraint) 
• Manually moving each joint 
• Using Lumbar Curvature (an extra function not available in the used RAMSIS license)   

 
There is no trivial solution to positioning the torso posture (keeping in mind that the spine or back can 
have many different orientations) as there is currently no good way to position the back in RAMSIS. In 
addition, the automatic posture calculation performed seems to be specifically designed for the driver’s 
position. However, with regard to the possible ways to control the torso posture listed above, the best 
way was to constrain the manikin- specifically by use of the headrest constraint.  
 
The Lumbar Curvature function, which was not included in the available RAMSIS license, seemed 
(from what was read about it) like an interesting approach to a more correct back posture. However, 
since the function could never be tested it would be hard to say how much it would contribute to making 
the back posture more correct. In essence, what RAMSIS needs is a tool or function that can control the 
back or torso posture more accurately.  
  

Lumbar 
curvature 

Lumbar 
curvature 

Figure 83. Left (Kyphotic): Compressed lumbar curvature. Right (Lordotic): Upright lumbar curvature. Figure 
adapted from Human Solutions GmbH (2005). 
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This could be a function that could include adjusting the back to a more kyphotic or lordotic posture as 
well as being able to adjust the back in more detail, such as controlling the different regions of the spine 
(cervical, thoracic, lumbar and sacral). This would help position people who either sit more kyphotic or 
lordotic as well as those that adjust themselves due to e.g. insufficient headroom.  
 
In addition to the lumbar curvature or torso issues in RAMSIS, there was also a problem with how much 
the manikin penetrated the seat- specifically that of the backrest. That is, the amount of seat penetration 
by the manikin is not probably constrained in the program nor is there any definition of how much is 
considered reasonable penetration. However, the program does have a function called Average Seat 
which tries to take into account how much the manikin sinks into the seat. The setting is the average H-
point offset of various representative seats. Furthermore, it is the link between the manikin hip centre 
and the seat H-point and is based on the corpulence, gender and body size of the manikin as well as on 
the seat. The Average Seat setting tries to take into account that of the seat cushion penetration, however, 
the setting was not trivial for all situations. In addition, it does not account for that of the backrest 
penetration. In essence, a definition of how much seat penetration is acceptable should be given or better 
constrained in some way. With this being said, different alternatives for solving this issue were tested, 
which are presented below and where the last solution in bold text was the solution used. 
 

• By constraining the skin points to the seat so that a maximum penetration would be issued. This 
proposal turned out to be too tedious due to the amount of skin points needed to be constrained. 
 

• By using the Optimize Posture function in RAMSIS which usually reduces the amount of 
backrest penetration. 
 

• By positioning the test subjects from the clinic as they were and then recording their amount of 
seat penetration, in order to get an average for the small respectively big car. A problem with 
this is that the seats vary from car to car.  
 

• By visual determination which was based on both logic and the results from having 
positioning in different test subjects as they sat in the clinic. That is, by positioning test 
subjects it was possible to see what seemed acceptable and was not, at least in RAMSIS.  

 
 

4.4 VIRTUAL REAR SEAT POSITIONING AND ROOMINESS 
EVALUATION METHOD 

 
--CONFIDENTIAL-- 
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5 VALIDITY AND RELIABILITY DISCUSSION 
This chapter discusses validity and reliability in terms of the project’s relevance and any reflections 
concerning the course of the project. In addition, recommendations regarding future work are discussed.  
 
 
5.1 RELEVANCE 
The result of this thesis work is highly relevant to VCC, as it provides them with a tool that they can 
use that has the potential to help improve their upcoming products. The ability to accurately predict 
what customers would think of the interior space in an early stage of the development of a car is very 
valuable. The interior space is often limited by design features such as lower roofs. Therefore, it is 
important to be able to simulate how this will affect the perceived roominess inside the car. The 
automotive industry is very competitive and by constructing cars where customers can fit comfortably 
is part of the recipe for success. Furthermore, the development process needs to be as short, effective 
and economic as possible. The method developed in this project is a first step towards reducing the 
development cost of rear seat roominess evaluation by reducing the need for ergobucks. 
Simultaneously, the development time will be shorter as the method is a much faster tool for evaluation 
than building physical mock-ups.  
 
 
5.2 REFLECTION 
 
5.2.1 PHYSICAL MEASUREMENTS 
The sitting position of the test participants could have been more precisely measured. Aspects like hip 
room and more measurements regarding headroom (not only the vertical distance to the roof, see below) 
may have been beneficial. In addition, the H-point movement was hard to determine and could only be 
estimated based on the photographs from the clinic. It was very hard to locate the H-point due to 
clothing and different body shapes. One could only point out an area on the hip in which the H-point 
most certainly was located. With this said, it should be noted that when creating the clinic there was 
some consideration taken of how to measure the position of the H-point during the clinic. For example, 
it was thought that it could be measured with a measuring tape that was fixed from the back to the front 
of the seat cushion, or that perhaps it could be read with a laser pointer. However, since not much 
thought had been put into these solutions it was thought that it was best to try to test if the measurements 
would automatically position the H-point, and if not then one always had the pictures as a reference. 
 
Initially when planning the clinic, two extra measurements (besides those already used) were 
considered. One of them concerned the measurement of the diagonal headroom, i.e. the distance from 
the head contour to the roof’s side beam (the beam between the roof and the door/window, i.e. where 
the roof bends). This measurement was loosely based on the SAE measurement W27-2, see Figure 85. 
The other measurement was the SAE measurement H47-2, which was the minimum distance between 
the head contour and roof (see Figure 84). These measurements were not used since their priority was 

Figure 84. SAE H47-2. Figure adapted from 
SAE J1100 NOV2009. 
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not as high as the other measurements. In addition, by measuring them the clinic would take much 
longer and there were some doubts as to how the diagonal headroom would be measured. However, in 
retrospect, since some tall participants (specifically those tallest in the XC90, see 4.1.6 regarding  
Headroom rating vs measured headroom for XC90) made contact with the roof’s side beam and 
complained about it, perhaps at least the diagonal headroom measurement could have been measured.  
 
In addition, in terms of all the measurements used in the clinic the hardest to measure (besides the H-
point which was not physically measured) was H35-2, which measured the vertical distance from the 
head contour to the roof. This was partly since there was no trivial tool to measure it with, as it had to 
be custom made. Furthermore, at first there was some discussion of whether one should measure to the 
hair lining or the head contour. This was since one could have head contour headroom yet the hair 
would be touching the roof, which would in turn ruin the perceived roominess. The problem with 
measuring to the head contour is that two people with the same headroom values can give different 
ratings based on the volume and height of their hair, which is something that was overlooked when 
analysing the results. However, since H35-2 measured to the head contour, it was decided that the 
measurement was made to the head contour while note taking the approximate hair height. In retrospect, 
perhaps a question about whether the hair touches the roof and whether it affects the perceived 
roominess should have been asked in order to clarify the situation. In addition, an average hair height 
of all the test participants was calculated, which can be used if one wishes to consider the hair. Then 
there was also the problem with the curvature of the roof that created a small offset difference in the 
measurements, which was not taken into account until after the clinic was performed.  

 
 
 
The measurement H61-2 could have been used as a parameter when looking at the participants’ 
headroom. In doing so, one could perhaps have found relationships between H61-2, sitting height and 
headroom as well as maybe even a relationship between the just mentioned parameters and 
compressed/straight backs.  
 
5.2.2 CLINIC EQUIPMENT, ENVIRONMENT AND PROCEDURE 
Initially, regular digital compact cameras were to be used to document the sitting positions of the test 
participants. However, the idea to use GoPro cameras came to mind since they are relatively small and 
easy to mount in the cars. That is, the GoPros could be placed with help of suction cups on the inside 
of the window whereas the compact cameras would have to be placed outside the cars on tripods with 
the car window lowered in order to receive better lighting and remove any window reflections. After 
testing both alternatives it was clear that the GoPro cameras were much more convenient to use in the 
clinic.  
 
A big advantage is that the GoPros can be controlled using iPads (via an application that is downloaded 
on the iPad) which means that there is no need to physically press a button on the camera itself to take 
pictures. Furthermore, the GoPros could be running with the charger connected whereas the regular 
cameras would have to be constantly turned on and off to save battery.  
  

Figure 85. SAE W27-2. Figure adapted from SAE 
J1100 NOV2009. 
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The batteries in the compact camera would also need to be changed regularly which would require 
dismounting the camera and this would be very inconvenient when having a tight test schedule. In 
addition to all this, by placing the compact camera outside the right door one would block any passing 
and entrance to the door (as one would have to go through the right rear door in order to perform the 
measurements). For these reasons the GoPros were chosen for the clinic. 
 
One discussion that was held was whether the environment in the clinic should be dynamic or static. A 
dynamic environment meant that the test would take place during a drive on public roads, whereas the 
static environment would be indoors in a test lab at VCC. There are also a lot of distractions like traffic 
situations, scenery and other things occurring in the environment. Additionally, there is a possible risk 
of motion sickness when focusing on an iPad for longer periods of time in a moving car. The test would 
also be more time consuming meaning that invited test participants would be less likely to participate. 
Scheduling the tests would also be more difficult due to possible delays with traffic or other situations 
that may occur.  
 
A third possibility was to use a static outside environment in order to receive a natural affecting 
environment, where one would not have to cope with the difficulties of a moving car in traffic. However, 
this would pose a problem due to the already listed problems of an outside environment, such as shifting 
weather conditions and distracting scenery. For these reasons, the decision was made to have the clinic 
in a static environment where all environmental conditions would always be identical for every test 
participant. An indoor test lab, available to the ergonomics department, was used for the clinic. 
 
In addition to the clinic environment, the use of clinic scenarios was considered. The reason for this 
was due to people sitting differently depending on e.g. whether it is a long ride or not. For example, 
one’s use of the headrest could depend on the scenery outside the car or the activity in the car. 
Furthermore, one could sit more relaxed when going for a longer ride and more focused or engaged 
when going for a short ride. However, with this being said, the use of different scenarios was crossed 
out due to a lack of time.   
 
One aspect that was missed regarding the Google Form surveys was an option to make every question 
mandatory. This would have guaranteed that all test participants answered 100% of the survey. A few 
people failed to answer a total of three or four questions making some of the data incomplete. This was 
probably since they forgot to answer or they slightly missed the tick box or that their finger tap did not 
register on the iPad.  
 
Regarding the question about test participants’ normal sitting position in the rear seat it probably would 
have been better if they answered that question before they took their seat in the car. That way, they 
would not be affect by the fact that they were actually sitting in the rear and had already chosen a 
particular sitting position when answering this question. Their normal sitting position may be based on 
some other car model that they are used to. The problem is that they may have answered the question 
according to their current sitting position. 
 
Prior to having decided to use the two steps of first having the driver’s seat in design position and then 
moving it until the test subject feels comfortable, two alternatives for each step were considered. 
Concerning the first step, it was discussed whether to use the design position or so that an 85 percentile 
male (body height) could fit in the driver’s seat. Using the 85%ile alternative, one would have produced 
more legroom in the rear seat compared to the design position where almost nobody would be able to 
fit in the V40 (though the XC90 worked fine). However, the design position was chosen since it acted 
as a better reference. Concerning the second step, it was discussed whether to move the seat until the 
participant felt it was comfortable or use a fixed distance based on what an 85%ile male would consider 
to be enough legroom to sit comfortably in the rear seat. It should be noted that the 85% male was based 
on the authors of this thesis.  
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By using a fixed distance, there would be no variation in seat movement between each participant, 
which would most definitely vary between each participant if they could decide themselves. However, 
the big disadvantage with using a fixed distance was that the participant’s interpretation of a certain 
rating would not always concur with the fixed distance. In addition, one would probably not take note 
of those that were taller than 85%ile. In contrast, by letting the participants themselves decide how 
much legroom/kneeroom they wanted one would get data on what was perceived as comfortable 
kneeroom and perhaps relationships could be found. 
 
In addition to this, the driver’s seat could have been set to the design position with higher accuracy by 
using a laptop instead of manually measuring and using the controls on the seat itself. A laptop can be 
plugged into the car and enable one to control the electric seats digitally. This means that the two seats 
would have been in the exact same position in the two V40 cars. In the clinic it was thought that the 
seats were set almost identically, but the scanning of the cars showed that there was a small difference 
between the two seats. This may not have had any impact on the result but setting the seats identically 
would have been a more scientific and accurate approach. The decision to not go with the laptop was 
simply since it was not considered at the time of need. 
 
5.2.3 GENERAL PROJECT REFLECTION 
From the clinic, each participant’s sitting position was recorded with a GoPro. These pictures were later 
imported into Adobe Photoshop where the torso angle of each participant was measured. The objective 
was to be able to use the torso angle as a measurement in RAMSIS in order to constrain the manikin 
even more. However, the problem that existed was that the torso is a very complicated part with many 
different joints directing the position of the back. Thus, it did not help that RAMSIS had a function 
where one could just put in the torso angle and it would position the back, as it did not apply for the 
most part. The measured torso angles from the clinic were tested in RAMSIS, yet it only seemed to 
make it more complicated since the manikin was not positioned as desired.  
 
The comparison of male vs female with regard to how each gender perceives roominess was not 
specifically studied. This was partly since there were so few women, which was since mostly tall 
participants were wanted and men are in general taller than women are. However, in general there was 
no distinct difference between the genders, but instead the difference lay with body size (e.g. that short 
participants were more demanding when it came to knee- and legroom). To better understand if there 
exists any difference between the genders regarding perceived roominess, a more evenly gender 
distributed clinic would have to be carried out.  
 
When planning and constructing the clinic in this project, time was of the essence. That is, the clinic 
had to be planned early on in the project since technical equipment, facilities and cars had to be booked 
in good time, having in mind that it’s shared with the rest of the departments at VCC. Furthermore, as 
master thesis students do not have all the available booking privileges in the VCC systems, contact had 
to be made with various VCC employees in order to get access to cars and facilities. Consequently, 
establishing contacts within VCC was important in order to plan the clinic.  
 
The process and methodology was perfect for this type of thesis work. Using stages and gates where 
everything had to be discussed and approved by the supervisors at VCC meant that a good workflow 
could be sustained throughout the project. There was never a need to create something entirely new and 
innovative, the supervisors described what they wanted and provided the tools needed to deliver results 
e.g. conduct a clinic and use RAMSIS to create the method. Of course, one had to come up with a good 
way to use the tools and what to actually do with them. This thesis work was not so much a classic 
product development project like the ones performed at LTU, where a new product was to be developed 
or an existing one was to be improved or reinvented. This project was more focused on research and 
gathering data that would act as a basis for the developed method.   
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This project showed that tall people tend to be less fastidious than short people when it comes to 
kneeroom, where many tall participants had zero kneeroom or very little. As this was not something 
which one reacted to initially, not all participants were asked why they had so little kneeroom. Thus, in 
the future if this clinic is repeated and the test participants behold little or no kneeroom, then one should 
ask why. In addition, one should describe for the participants that they should imagine the driver’s seat 
as not being occupied. In this sense, a participant will not sacrifice kneeroom so that the driver can fit 
well. This was the consequence of using the left rear seat, as there was a possibility that the participant 
could take the driver into consideration when evaluating how much legroom was needed.  
 
The figures in section 4.1.4 and 4.1.5 could have been sorted after sitting height instead of body height. 
This is since the sitting height maybe is more relevant where the body height does not specify if you 
have long legs or a long upper body. The limiting factor is the headroom which is linked to one’s sitting 
height.  
 
From the V40 comparison test it was noted that the V40 with a standard roof had more headroom in the 
rear seat than the V40 with the panoramic roof. However, what came as a surprise when testing the two 
cars was that even though the V40 with panoramic roof exhibited less headroom, the perceived 
roominess seemed better or at least it was hard to distinguish how big of an effect the panoramic roof 
had on the perceived roominess in the rear seat.   
 
A big issue with this thesis work has been the lack of delimitations, where areas that were not relevant 
to accomplishing the thesis aim were added due to a willing interest to see what the results would be. 
An example of this was the use of the panoramic roof. The specific use of the panoramic roof can 
confuse the reader of this thesis work to believe that the focus of the project was to investigate the effect 
of the panoramic roof on perceived roominess. In this sense, the reader can easily forget that the 
project’s aim was instead to develop a method for defining roominess in the rear seat. This in turn makes 
one believe that the project revolves only around perceived roominess, instead of the relationship 
between perceived and physical roominess. A reason why so much attention was put on the perceived 
roominess was due to the fixation of it together with the project aim not being very clear early on in the 
project.  
 
Something that has not been mentioned in the thesis until now is that the testing and validation of the 
clinic data in RAMSIS was not the most trivial. To understand what RAMSIS was capable of achieving 
and how it worked was alone a small project, since in order to understand how to use the program one 
has to understand why it performs the way it does and what it is based on (e.g. what facts or data). Thus, 
a lot of time was spent on simply trying to understand how and why RAMSIS worked the way it did.  
 
 
5.3 RECOMMENDATIONS 
More clinics need to be conducted in order to get more statistically accurate results regarding the 
relationship between perceived and physical roominess. In addition, in order to better position manikins 
in the rear seat (but also in the rest of the car) RAMSIS would greatly benefit from introducing a “fix” 
or update where one can better alter the manikin’s back posture and get a better understanding of what 
is a reasonable seat penetration or sinkage. The problem with RAMSIS was that it was hard or 
impossible to get the lumbar curvature of the manikin to represent a realistic sitting position based on 
the clinic. Furthermore, the program does not account for the backrest penetration and the Average Seat 
function is not always trivial in terms of the seat cushion sinkage. In essence, a definition of how much 
seat penetration is acceptable should be given or better constrained in some way.  
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In terms of the back posture this could be done with a function that lets one decide whether the manikin 
should have a more kyphotic or lordotic posture and perhaps even in more detail, such as controlling 
the different regions of the spine (cervical, thoracic, lumbar and sacral). This would help position people 
who either sit more kyphotic or lordotic as well as those that adjust themselves due to e.g. insufficient 
headroom. This could perhaps be executed through the Lumbar Curvature function, but since it was not 
included in the available RAMSIS license it is hard to comment on its level of contribution.  
 
In addition to all this, it is recommended to fully test the Passenger posture model to see how it differs 
from the tested Car model and whether it improves the posture and thus the positioning of the manikin. 
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6 CONCLUTIONS 
This chapter tries to answer the initial research questions and discusses the project objectives and aims. 
 
 
6.1 RESEARCH QUESTIONS 
 
Which critical parameters affect the physical and perceived roominess in the rear seat of the car?  
Headroom, legroom and H-point position are the most important parameters regarding physical 
roominess. In turn, the perceived roominess can be greatly affected by light conditions and the ability 
to being able to look outside.  
 
In reference to both the physical and perceived roominess, how much space is needed for 
comfortable rear seating for each percentile (5%ile, 10%ile,…, 90%ile, 95%ile)? 
Based on the spans created from the collected clinic data (see 4.3), it is possible to judge how much 
space that is needed for a score of five or higher on the VCC scale. However, since these spans only 
define how much is needed for a rating of five or higher and not for each distinct rating, it is not possible 
to specifically and statistically pin point how much space is needed for comfortable rear seating. This 
is since no clear distinction of each specific rating can be given from the gathered data, except for e.g. 
headroom for tall participants (see 5.1). In order to better define comfortable rear seat roominess, one 
has to conduct more clinics with test participants of each specific percentile. This was not possible in 
the timeframe of this project.  
 
 
6.2 PROJECT OBJECTIVES AND AIMS 
 
The aim of this project is to create a method for defining a car’s rear seat roominess in the virtual 
environment of RAMSIS- a digital manikin simulation software. Furthermore, the aim of the method 
is to be able to better position manikins in the rear seat and to be able to better judge who can fit 
comfortably in the rear seat based on one’s anthropometrics, how one sits in the rear seat and the 
relationship between perceived and physical roominess in the rear seat. In turn, the objective of this 
is to be able to evaluate the rear seat roominess in an early stage of the car development process. By 
doing so one will save both time and money as well as with time be able to reduce the use of 
ergobucks. This can potentially increase customer satisfaction and make Volvo more competitive on 
the market.  
 
The method that has been developed in this project can be used to evaluate rear seat roominess in an 
early stage of the car development process. Thereby it is also possible that the method will help to 
reduce the use of ergobucks in the future. By use of the method, it is possible to determine who fits in 
the rear seat and in some cases how well a certain individual fits in the rear seat. However, more data 
from more test participants is needed to make the method results more valid and to be able to better 
define how well a person fits. In addition, the method is able to create sitting positions that in a good 
way try to mirror realistic situations. That is, with help of data from the clinic and understanding how 
RAMSIS works, the positioning of manikins in the rear seat has been improved. However, since 
RAMSIS has problems with calculating a correct back posture it becomes difficult to mirror realistic 
sitting positions to 100%.  
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APPENDIX B – TEST PARTICIPANTS 
Note that this is an extract of the whole file so that one can get an overview of some of the sampling 
parameters used during the selection process. In the whole file, more parameters were included. 

Gender	
Birth	
year	

Body	
height	w/o	
shoes	 Weight	

Sitting	
height	 Test	group	

Sitting	
height	group	

Test	
#	

m	 1972	 1895	 81,3	 975	 XC90	 Tall	 35	

m	 1977	 1899	 98,3	 998	 XC90	 Tall	 32	

m	 1959	 1955	 114,3	 1017	 XC90	 Tall	 62	

m	 1965	 1930	 83,4	 995	 XC90	 Tall	 36	

m	 1968	 1902	 90,0	 1006	 XC90	 Tall	 31	

m	 1959	 1705	 75	 894	 FOCUS	 Short	 53	

m	 1975	 1755	 71,0	 927	 FOCUS	 Short	 52	

m	 1958	 1830	 78,4	 936	 V40	 Short	 1	

m	 1967	 1880	 96	 945	 V40	 Medium	 11	

m	 1976	 1860	 93,6	 960	 V40	 Tall	 9	

m	 1974	 1858	 74,0	 976	 V40	 Tall	 2	

m	 1973	 1860	 85*	 975	 V40	 Tall	 15	

m	 1968	 1930	 90,5	 984	 V40	 Tall	 4	

m	 1966	 1880	 95,8	 990	 V40	 Tall	 12	

m	 1967	 1903	 83,9	 1023	 V40	 Tall	 10	

m	 1958	 1770	 67,3	 940	 V40	PANO	 Medium	 25	

m	 1966	 1770	 77,6	 939	 V40	PANO	 Medium	 21	

m	 1968	 1875	 73,4	 965	 V40	PANO	 Tall	 17	

m	 1959	 1890	 91,2	 975	 V40	PANO	 Tall	 22	

m	 1973	 1860	 45,5	 993	 V40	PANO	 Tall	 19	

m	 1961	 1930	 104	 ~1050	 XC90	 Tall	 65	

m	 1970	 1968	 95,5	 1042	 XC90	 Tall	 44	

m	 1962	 1852	 122,0	 976	 XC90	 Tall	 34	

k	 1978	 1696	 55,0	 905	 FOCUS	 Short	 64	

m	 1957	 1825	 70,0	 945	 FOCUS	 Medium	 50	

m	 1951	 1850	 98,5	 995	 FOCUS	 Tall	 47	

m	 1974	 1820	 86,7	 965	 FOCUS	 Tall	 54	

m	 1977	 1943	 92,4	 1013	 V40	 Tall	 8	

m	 1968	 1921	 94,0	 1005	 V40	 Tall	 61	

m	 1978	 1915	 	 988	 V40	 Tall	 68	

m	 1961	 1950	 96,3	 985	 V40	PANO	 Tall	 30	

m	 1983	 1830	 77,3	 937	 V40	PANO	 Short	 56	

m	 1970	 1800	 82,0	 969	 V40	PANO	 Tall	 28	

m	 1969	 1843	 79	 964	 V40	PANO	 Tall	 24	

m	 1974	 1875	 84,5	 960	 V40	PANO	 Tall	 20	

m	 1985	 1969	 92	 994	 V40	PANO	 Tall	 16	

m	 1969	 1898	 85,5	 959	 V40	PANO	 Tall	 57	

m	 1960	 2000	 111	 1000	 XC90	 Tall	 40	

m	 1967	 1981	 82	 998	 XC90	 Tall	 41	

m	 1976	 1958	 76,9	 1021	 XC90	 Tall	 38	
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m	 1987	 1991	 90	 1044	 XC90	 Tall	 42	

m	 1955	 1875	 85,0	 962	 XC90	 Tall	 39	

m	 1964	 1925	 84,0	 950	 XC90	 Medium	 43	

m	 1964	 1930	 93	 1014	 FOCUS	 Tall	 48	

k	 1968	 1710	 85,8	 910	 FOCUS	 Short	 63	

m	 1956	 1940	 113,8	 999	 FOCUS	 Tall	 55	

m	 1962	 1938	 101	 1002	 FOCUS	 Tall	 46	

m	 1956	 1920	 112,5	 975	 FOCUS	 Tall	 49	

k	 1961	 1790	 61,0	 928	 FOCUS	 Short	 51	

k	 1978	 1675	 76,8	 910	 V40		 Short	 6	

m	 1962	 1848	 76,3	 951	 V40		 Medium	 5	

m	 1967	 1900	 110,0	 950	 V40		 Medium	 67	

m	 1953	 1789	 73,0	 952	 V40		 Medium	 14	

k	 1964	 1640	 64,7	 882	 V40	PANO	 Short	 27	

m	 1982	 1919	 85,8	 1027	 V40	PANO	 Tall	 26	

m	 1972	 1834	 89,6	 937	 V40	PANO	 Short	 29	

m	 1957	 1914	 92,4	 998	 XC90	 Tall	 69	

k	 1977	 1730	 66,6	 893	 FOCUS	 Short	 E1	

m	 1969	 1827	 83,7	 953	 FOCUS	 Medium	 E2	

m	 1961	 1810	 94,5	 970	 FOCUS	 Tall	 E3	
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APPENDIX C – SURVEY 
Note that the other two surveys (V40 & XC90; V40 Pano) are not included as they were in a sense 
extracts of the one below yet specific for each car. Also, note that the bold/darker numbers in the survey 
are the original question numbers and not the regular numbers which were automatically added when 
extracting the file from Google Form.  
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APPENDIX D – MEASUREMENT PROTOCOL 
 
 

TP#:  GROUP: 

 

NAME: 

 

CAR: 

      
      

H35-2 Minimum vertical distance between head 
contour and roof  

12 +           mm 

Distance from headrest to back of head/neck  12 +           mm 

L48-2 Minimum distance between knee contour and 
back of driver’s seat  

                  mm 

Distance between knees                   mm 

Knee angle                         ° 

Type of shoes  

Hair height (estimation)  

Number of pictures with GoPro  

Would you like to see the results once they have been 
finalised? 

 

 

OTHER OBSERVATIONS: 

Note that if the knees are outside of the driver’s seat use the minimum diagonal distance for L48. 
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APPENDIX E – CORRELATION ANALYSIS 
 
 

Table 4. Analysis short V40 
Correlation variables Pearson correlation 
Score headroom - H35-2 (mm) 0.007 
Score kneeroom - L48-2 (mm) 0.543 
H35-2 (mm) - Score general roominess -0.088 
L48-2 (mm) - Score general roominess -0.025 
Score headroom - Score general roominess 0.398 
Score kneeroom - Score general roominess 0.657 

 
No correlations could be found for the short V40 group. However, the score for kneeroom seemed 
somewhat related to the general roominess score but not enough for a statistical conclusion, see Table 
4. 
 
 

Table 5. Analysis medium V40 
Correlation variables Pearson correlation 
Score headroom - H35-2 (mm) 0.070 
Score kneeroom - L48-2 (mm) -0.258 
H35-2 (mm) - Score general roominess 0.870 
L48-2 (mm) - Score general roominess -0.731 
Score headroom - Score general roominess 0.376 
Score kneeroom - Score general roominess -0.447 

 
There were no correlations between the scores for head- and kneeroom, and the measured amount of 
head- and kneeroom. The amount of headroom (H35-2) was however strongly related to the general 
roominess score, see Table 5. Furthermore, a correlation was found between the amount of kneeroom 
(L48-2) and the general roominess score.  
 
 

Table 6. Analysis tall V40 
Correlation variables Pearson correlation 
Score headroom - H35-2 (mm) 0.281 
Score kneeroom - L48-2 (mm) -0.077 
H35-2 (mm) - Score general roominess 0.350 
L48-2 (mm) - Score general roominess 0.124 
Score headroom - Score general roominess 0.602 
Score kneeroom - Score general roominess -0.049 

 
No correlations were found, see Table 6. The score for headroom seemed to show some relation to the 
general roominess score. 
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Table 7. Analysis all V40 
Correlation variables Pearson correlation 
Score headroom - H35-2 (mm) 0.655 
Score kneeroom - L48-2 (mm) 0.284 
H35-2 (mm) - Score general roominess 0.692 
L48-2 (mm) - Score general roominess 0.295 
Score headroom - Score general roominess 0.732 
Score kneeroom - Score general roominess 0.519 

 
This analysis for all V40 test participants showed that correlations exist between the headroom scores, 
the H35-2 measurement and the general roominess score. No other correlations were found, see Table 
7. 
 

Table 8. Analysis short V40 Pano 
Correlation variables Pearson correlation 
Score headroom - H35-2 (mm) 0.072 
Score kneeroom - L48-2 (mm) 0.035 
H35-2 (mm) - Score general roominess -0.094 
L48-2 (mm) - Score general roominess 0.265 
Score headroom - Score general roominess 0.739 
Score kneeroom - Score general roominess 0.540 

 
No correlations except that the amount of measured headroom was relatively related to the general 
roominess score, see Table 8. 
 

Table 9. Analysis medium V40 Pano 
Correlation variables Pearson correlation 
Score headroom - H35-2 (mm) 0.659 
Score kneeroom - L48-2 (mm) 0.586 
H35-2 (mm) - Score general roominess 0.094 
L48-2 (mm) - Score general roominess 0.632 
Score headroom - Score general roominess 0.800 
Score kneeroom - Score general roominess 0.983 

 
There was no correlation between the H35-2 measurement and the general roominess score, see Table 
9. However, there were strong indications that the scores for headroom and kneeroom were closely 
related to the general roominess score. There were also moderate correlations between the measured 
values for headroom, kneeroom and respective scores. The L48-2 measure was also fairly related to the 
score for general roominess. 
 

 
Table 10. Analysis tall V40 Pano 

Correlation variables Pearson correlation 
Score headroom - H35-2 (mm) 0.791 
Score kneeroom - L48-2 (mm) -0.434 
H35-2 (mm) - Score general roominess 0.737 
L48-2 (mm) - Score general roominess -0.480 
Score headroom - Score general roominess 0.488 
Score kneeroom - Score general roominess 0.526 

 
For the tall V40 Pano group there were mostly minor correlations according to the calculations, see  
Table 10. The H35-2 measurement was however strongly related to the score for headroom and the 
score for general roominess. 
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Table 11. Analysis all V40 Pano 
Correlation variables Pearson correlation 
Score headroom - H35-2 (mm) 0.815 
Score kneeroom - L48-2 (mm) 0.324 
H35-2 (mm) - Score general roominess 0.786 
L48-2 (mm) - Score general roominess 0.150 
Score headroom - Score general roominess 0.846 
Score kneeroom - Score general roominess 0.712 

 
In the V40 Pano group there were several strong correlations, particularly between the score for 
headroom, H35-2 and general roominess score (see Table 11). 
 
 

Table 12. Analysis short XC90 
Correlation variables Pearson correlation 
Score headroom - H35-2 (mm) -0.824 
Score kneeroom - L48-2 (mm) 0.236 
H35-2 (mm) - Score general roominess 0.123 
L48-2 (mm) - Score general roominess 0.037 
Score headroom - Score general roominess 0.270 
Score kneeroom - Score general roominess 0.853 

 
The score for kneeroom was closely related to the score for general roominess and the score for 
headroom was also strongly related to the measured H35-2. No other correlations could be found, see 
Table 12. 
 
 

Table 13. Analysis medium XC90 
Correlation variables Pearson correlation 
Score headroom - H35-2 (mm) 0.945 
Score kneeroom - L48-2 (mm) 0.381 
H35-2 (mm) - Score general roominess 0.189 
L48-2 (mm) - Score general roominess 0.381 
Score headroom - Score general roominess 0.500 
Score kneeroom - Score general roominess 1.000 

 
The calculations for the medium XC90 group showed a very strong correlation between the score for 
headroom and H35-2. Furthermore, there was a perfect correlation between the score for kneeroom and 
the general roominess score, see Table 13. These numbers were however exceedingly irrelevant since 
there were only three test participants in this group. 
 

Table 14. Analysis tall XC90 
Correlation variables Pearson correlation 
Score headroom - H35-2 (mm) 0.636 
Score kneeroom - L48-2 (mm) 0.419 
H35-2 (mm) - Score general roominess 0.319 
L48-2 (mm) - Score general roominess -0.122 
Score headroom - Score general roominess 0.483 
Score kneeroom - Score general roominess -0.165 

 
No particularly strong correlations were found but there was an indication that the score for headroom 
and H35-2 were slightly related, see Table 14. 

Table 15. Analysis all XC90 
Correlation variables Pearson correlation 
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Score headroom - H35-2 (mm) 0.561 
Score kneeroom - L48-2 (mm) 0.317 
H35-2 (mm) - Score general roominess 0.548 
L48-2 (mm) - Score general roominess 0.006 
Score headroom - Score general roominess 0.515 
Score kneeroom - Score general roominess 0.552 

 
No correlations were found for the XC90 group with all participants, see Table 15. There was however 
a tendency that some of the variables were related where the strongest correlation was between the score 
for headroom and H35-2.  
 
 

Table 16. Analysis focus V40 
Correlation variables Pearson correlation 
Score headroom - H35-2 (mm) 0.718 
Score kneeroom - L48-2 (mm) 0.309 
H35-2 (mm) - Score general roominess 0.806 
L48-2 (mm) - Score general roominess 0.241 
Score headroom - Score general roominess 0.785 
Score kneeroom - Score general roominess 0.609 

 
Table 17. Analysis focus V40 Pano 

Correlation variables Pearson correlation 
Score headroom - H35-2 (mm) 0.780 
Score kneeroom - L48-2 (mm) 0.207 
H35-2 (mm) - Score general roominess 0.757 
L48-2 (mm) - Score general roominess 0.239 
Score headroom - Score general roominess 0.824 
Score kneeroom - Score general roominess 0.831 

 
Table 18. Analysis focus XC90 

Correlation variables Pearson correlation 
Score headroom - H35-2 (mm) 0.498 
Score kneeroom - L48-2 (mm) 0.274 
H35-2 (mm) - Score general roominess 0.448 
L48-2 (mm) - Score general roominess -0.083 
Score headroom - Score general roominess 0.338 
Score kneeroom - Score general roominess 0.676 

 
The correlations for the V40 and V40 Pano followed the same general pattern with low correlations 
regarding the score for kneeroom, L48-2 and general roominess score, see Table 16 and Table 17. The 
correlations associated with the headroom, H35-2 and general roominess seemed to be higher in the 
V40 Pano than the V40. This could be explained by the fact that the available headroom in the V40 
Pano was actually smaller due to the incorporation of the panoramic roof. 
 
There was only one correlation in the XC90 between the score for kneeroom and the general roominess 
score, see Table 18.  
 


