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This thesis aims to examine if Virtual Reality (VR) technology can be used by Repair 
Engineering Mechanics (REMs) to do their work. These professionals create repair 
methods for components in trucks. Today the work is in many projects done on 
physical prototypes and the goal is to replace those with virtual prototypes, using VR 
systems for the work. Five different methods have been used to examine both the field 
of VR and the work done by the REMs. The final of these is a mapping that compares 
the requirements of the work being done to the technologies available by matching 
them to properties common to both. The most important conclusion is that the new 
system has to support the users’ ability to transfer their skills to the new VR system in 
order for this project to succeed. 
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This thesis is an MSc thesis in Interaction Design at IT-University. It was defined by 
and carried out as an industrial thesis at Volvo Parts in Gothenburg, Sweden (from 
here on referred to as “the company”). The company offers aftermarket solutions for 
the Volvo Group. Product Support Development, which belongs to the company, is 
where I have worked. This is a part of the company that provides the aftermarket 
inside Volvo with diagnostic tools, workshop tools, service information, service 
programs, special tools, parts assortment and information, instructions, illustrations 
and a technical support center. The division this thesis is created for concerns Method 
Engineering and has Repair Engineering Mechanics (REM) who create and verify 
repair and service methods1 for trucks.  

Some of this work is done on final parts that are ready for serial production, but some 
of it is also done in the earlier stages of development of new products. In these earlier 
stages physical prototypes are ordered for the parts that the REMs can then start 
creating methods on. These parts are first created as Computer Aided Design (CAD) 
models to serve as the 3D drawings that the parts are constructed from.  

The company is interested in increased efficiency by eliminating the step of ordering 
physical prototypes and instead working directly on the 3D data. To do this they have 
started looking into the possibilities offered by Virtual Reality (VR) technologies. 
They already understand that adapting the use of this new technology to their users 
can be hard, so they have already started doing early examinations of VR as a more 
direct and easy way of working with virtual products. These have mostly consisted of 
visits by upper management to a few select companies and universities that have VR 
technology installed.  

Since their work is similar to that of workshop mechanics and the VR technology is 
new and advanced, an interesting situation arises. On the one hand you have advanced 
computer technology and on the other hand you have users that have all their 
expertise in working with mechanical work. In this situation it seems extra important 
to make sure that the technology will be adapted to the users and not the other way 
around, since the users should not be required to become computer experts in order to 
do their job. The aim of this thesis is to provide the company with a study that has 
enough of a user-centered base that the end users will remain the focus throughout the 
work that will be done with VR.  

                                                
1 Both types of methods are correct terms for their work and depend on the task (for example changing 
a component can be a repair method while changing oil can be a service method). To simplify the 
reading of this report however, only the term Repair Methods will be used from here on. 
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The purpose of this work was defined as follows:  

Find out how well Virtual Reality could work for method engineering at 
Volvo Parts, and show a comparison of how well different technologies match 
the requirements of the users and their work. 

In other words the purpose is to give the company an evaluation of the feasibility of 
using Virtual Reality technologies to support some of the repair method operations 
that the REMs carry out.  

 !%  &
�����
���

This thesis is in essence a sort of feasibility study for a larger project that has the same 
basic motivations. There are already different types of work being done at the 
company with the aim of analyzing current computer technologies, but mostly 
focused on software. I have set conditions for this thesis to meet the expectations from 
the company as follows:  

�  My thesis will be used as basis for future work within the scope of this larger 
goal of using VR at the company. A second project will build on my results 
and continue the examination of VR for repair method work. I have therefore 
tried to adapt my results to be useful for continuing work within the company.  

�  The main focus is on hardware factors in the VR systems, that’s the area 
investigated in most depth. Software is also considered and discussed but not a 
main part of the work. In some cases software affects the grades in the 
mapping (see chapter 6.5) but VR software and its components themselves are 
not directly evaluated.  

�  Economic considerations are not a part of the evaluation. To some degree they 
are mentioned in comments and discussions but I leave it to the company to 
judge costs in the coming steps of VR work. Partly this is because the 
company wished it so, but also because I felt that I wanted to focus on the 
hardware’s actual capabilities and not let a more external factor like cost affect 
the judgment.  

 !'  (���
����
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The company and all people in businesses related to the areas of repair methods are 
the main focus of this report and they are also the ones I have had foremost in my 
mind when writing it. Therefore topics like usability and other areas that Human-
Computer Interaction (HCI) / usability experts already know are explained.  

HCI-related persons are a second target group, most of all those interested in the 
usability aspects of Virtual Reality. Thus how the repair method work works today is 
also explained.  

 !)  *�
���
��
���
�
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First the repair method work is explained. Then the most important areas of theory 
encountered in this project are reviewed. Previous research in this and related field 
comes next. After that come descriptions of the most common technologies used in 
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VR, with images and concrete examples. Then the methods used in my work are 
described and discussed. It continues with the results and conclusions reached. Lastly 
it finishes with a discussion and talk of future work. 
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A Repair Engineering Mechanic has the job of creating repair and service methods for 
trucks. These methods are detailed step-by-step instructions on how to perform a 
certain type of repair or service operation on a certain type of component. See Figure 
1 and Figure 2 for examples of some of the steps in a typical method. A repair method 
could for example show how to remove a broken component from inside the truck and 
then replace it with a new one. The repair methods consist of two-dimensional 
illustrations with written instructions. The illustrations are done in an easy to read 
black and white 2D style that is easy for the end users to print out and carry with them 
to the vehicles they are working on in the workshop, if they wish to do so. There is a 
description in clear text, important cautions in clearly marked squares, and also 
instructions on what special tools to use, if any.  

The goal is to show everything in the level of detail required for a mechanic with 
several years of experience to be able to perform the whole operation. The end user of 
the product is therefore mechanics that do maintenance operations on trucks in Volvo-
licensed workshops around the world.  

 
Figure 1: Example one of one step of a repair method2 

                                                
2 Source: Volvo Parts 
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Figure 2: Example two of one step of a repair method3 

Repair methods should be ready when the product is ready to ship so work on creating 
them has to be done in parallel with the development of the other aspects of the 
product. Therefore physical prototypes of new components are ordered at earlier 
stages of the design so the REMs can start creating the repair methods, while the rest 
of the design is being finalized at other departments.  

The type and quantity of work differs from project to project. In some projects the 
REMs are involved later on when the design is closer to being finalized. In other 
projects they can be involved at earlier stages where they can use their expertise to 
influence the design of a component. For example, they might be able to see that the 
shape or placement of a certain part of the component would make it hard to remove 
since it would make the whole thing get stuck in other components on the way out. 
This means that the company uses their expertise in more than one area, so the REMs 
get to use the same set of skills for several different types of work. Their work can 
include both evaluation and production, in other words. It also means that they do not 
work in a workshop all the time; they are also in their offices working at their 
computers or in meetings with co-workers from various departments.  

An important aspect of the methods is the times that are taken for each step, so called 
Standard Times. These are used to create a total time for the execution of a method 
and that total is the working time the mechanics in the workshops get paid for. They 
are created and calculated with several factors in mind so the time becomes a realistic 
expectation of how a mechanic might do the work. One of these factors is for example 
that the mechanics are expected to have at least around 5 years of experience in their 
work; put simply they are expected to know what they are doing. The REM makes a 
time measurement by starting a timer before he creates a step in the operation, and 
then he performs the step in a normal working pace, then stops the timer. The time is 

                                                
3 Source: Volvo Parts 
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written down and then later processed by various factors at other departments in the 
company to produce a finished Standard Time for that step. 

Much of the repair method work can also reuse existing methods. Many of the 
components created are upgrades or variants of previously existing products and 
therefore already have repair methods. One goal for the REMs is to reuse as much of 
these materials as possible. Therefore work on a new project often includes an 
analysis of previous methods early on. The parts of these methods that are still correct 
for the new project are reused, so that as few new repair methods as possible need to 
be created from scratch, and only for the completely new parts of the project.  

The REMs use a very large set of special tools. Standard hand tools like screwdrivers 
and wrenches are used of course, but they can’t be used for everything that needs to 
be done. Many tasks require special tools that can have many different shapes and 
functions. They can be everything from a pair of pliers with an oddly shaped head to 
disks, rods and other things with very specialized functions. Since these tools are 
required to perform the repair method they are used for they are also entered into 
production and distributed to repair workshops around the world. That increases costs 
and the complexities of the repair methods so these special tools are also reused to as 
large a degree as possible.  

% (�

���

%!  ,���������

My angle on this whole thesis is this: Adapt the technology to the users, don’t force 
the users to adapt to the technology. To me, that is the clearest way of summarizing 
what the whole perspective behind usability and related fields is all about. Of course it 
is a simplified statement that can likely be wrong in some specific situations, but to 
me it holds the basic essence of what this whole field is about.  

To some degree the users have to adapt to all new technology in the shape of learning 
it, something that changes them and is therefore an adaptation. However, that is 
usually a voluntary act with positive results, in each case where the users learn 
something. The statement above concerns the situations where the users are forced to 
change themselves or their way of working in involuntary or uncomfortable ways 
because the technology does not manage to aid them in learning it.  

%! !  �-*��
������
��

There is an ISO standard for usability, ISO 9241-11. Their definition is as follows 
(specifications of terms are listed below): 

���������	
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It’s important to note “in a specified context of use”, that usability is therefore by this 
definition always related to each specific case. There are many general guidelines that 
work in most cases but you always have to examine each case individually since 
guidelines are not set in stone and can in special cases be bad rather than good. The 
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specified users and the context of use always have to be examined and the choices 
made related to that.  

The three terms used in this definition are specified as follows: 

�������������	�����
��	���	����
���	���	�
��������� �	����	�����	���
�	
�������	���������	�
����	

This can be measured by recording the number of correct operations made in relation 
to the total number, by looking at how much of a task that was completed, or similar 
measurements.  

����������	�����
��	���	
��
�
���	��������	��	
���� �
�	�
	���	����
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�
����������	����	�����	���
�	�������	�
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For example measuring the time it takes to complete a task, the number of mouse 
clicks made when doing so, or similar measurements.  

����������
�	�����
��	���	�
���
�	�

�	����
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This is a more subjective factor but it can be measured by interviews, focus groups, 
questionnaires and other means. 

One of the main advantages of using this ISO standard is, in my opinion, that it makes 
it clear that it is very possible to make usability a measurable quantity. Usability can 
seem like a “soft” factor and thus get lower priority when making decisions at many 
companies where hard facts are prioritized. This ISO standard can help promote 
usability by showing that producing numbers and facts on this issue is feasible.  

A more common term in media for this approach is “user friendliness”. That is a good 
term but not the best however, since it implies that being friendly to the users, i.e. 
giving them what they want, is always good. This is not always the case. What’s 
important is to give the users what they need, and that is not always the same as what 
they think they want. The users can for example simply not be aware of problems that 
exist, or not have the language to express them, and thus not want a fix for them. The 
usability professional can go in and determine what these problems might be and put 
them into words by doing user-studies like observations, interviews etc. Just asking 
the users what they want isn’t as good as studying them. Usability is in my opinion a 
better term since it implies doing these studies in a more thorough manner.  

%!# ��������	
������
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Virtual Reality is a computer-based technology that can be immersive, interactive and 
realistic user experience. VR is aimed at creating a convincing illusion of being inside 
an artificial world, an illusion of taking part in that world instead of just observing it 
from outside.  

The term Virtual Reality is still rather loosely defined, many different definitions exist 
but most of them are rather generalized. There sometimes seems to be as many 
variations of the definition as there are people working in this field. See for example 
http://www.google.com/search?hl=en&lr=&defl=en&q=define:Virtual+Reality&sa=
X&oi=glossary_definition&ct=title or http://www.answers.com/virtual+reality&r=67 
for lists of various generalized versions available on the web. When looking through 
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research papers the language is a bit more formal and correct than what you find on 
the web, but the variations are almost as large.  

Instead of choosing one of them and then classifying everything according to that, I 
consider it more important to think of what you want to use the technology for. The 
line between what is and isn’t VR is soft and shifting, and instead of including things 
that shouldn’t be there or excluding things that are relevant just because they did not 
fit the definition, it is better to simply analyze the technologies that can be relevant for 
the end users. Whether they fit one exact definition or another is less important than 
whether they are useful for the users, and analyzing that usefulness is what my task is 
about.  

Some form of description of VR is in order however in order to make it clear what 
this thesis is about. A few of the academic definitions are shown here: 

(Bjesse & Säljö, 2000) quote a definition published by MA Gigante that says:  

��
����	
������	��	��	����
�����	����������
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(Horne & Hamza, 2006) quote this definition by Howard Rheingold: 
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����	 ������	��	���	����	
�	���	����
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As shown by these, VR is much about creating the illusion of actually being inside a 
virtual world rather than watching it from the outside. In my view it requires a little 
more than what regular computers can give; if I am to call something VR I want it to 
contain technology that enhances the immersion beyond what desktop computers with 
regular equipment can do today.  

The first of the listed definitions here includes the phrase “multi-sensory”, which 
means input to or output from the system using more than one of our senses at the 
same time. That is a big and useful a part of the field of VR, but I do not see it as an 
absolute requirement to use several senses at once to be able to call a system VR, at 
least not in the context of repair method work. More on this area of VR is shown later 
in the report.  

Three key traits stand out for me in my search of definitions. Many seem to include 
one or all of these as a part of what VR is, for example (Burdea, 2000), (Zachman, 
2000) (Bjesse & Säljö, 2000), and they are those traits that seem most relevant to the 
work the REMs do. The three items are that a VR technology should be experienced 
by its users as: 

�  Immersive 

�  Realistic 

�  Interactive 

Immersion is in my eyes the most important point; it is what much of VR is about, as 
described in the definitions quoted above. The term Presence is sometimes used 
instead (there’s even a VR-related journal called Presence). The two terms are used 
somewhat interchangeably but at heart they appear to be about the same thing: the 
illusion of actually entering a virtual world. (McMahan et al, 2006) claim Immersion 
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can be seen as a measurable quantity, by measuring how much sensory input is fed to 
the user. It is however in my view a relative trait that differs from person to person 
since it is hard to put a number on how much users feel that they are into a pretended 
world.  

Realism is also very important. It is linked to immersion since they both offer an 
enhanced illusion of “being there”. It is worth considering as a separate point though, 
since a system can be very immersive even though it does not present data in a 
realistic manner (such as visualizations of more abstract scientific data), and vice 
versa (such as video games with realistic 3D graphics on regular desktop computers). 
In some papers it is described in a more technical manner, such as (Bjesse & Säljö, 
2000) that talks of Realtime simulation and update frequencies rather than Realism, 
using a language based on a technical viewpoint. Those technical issues are important 
too, but they are only one of the parts of the bigger issue, which is to make the system 
appear more realistic to its user, to mimic the real world.  

Interactivity  is also part of what VR is about. For a technology to truly be defined as 
VR, some level of interaction between the user and the virtual world should exist. As 
user you should be in control of the world and/or the objects in it to some degree, it 
should react when you act, and be affected by using the controls at hand. 

All of these three traits are important for the work of the REM. All three traits are 
linked to the fact that the goal of this project is to replace the existing work process on 
physical parts, tools and environments with virtual. The same people will be doing the 
work however, thus the virtual system’s main benefit would be to mimic the real work 
situation in order to allow them to use their skills. Realism is obviously important 
then, as is Immersion. Interactivity is also important since the REMs are used to the 
direct responses of real physical systems.  

%!#!#  &���
�������
�

Compared to research in more ‘regular’ IT systems, for example 2D interface design, 
VR still seems to be a somewhat experimental field. This is most likely due to the fact 
that there are still few VR-related products on sale in the world, since the technology 
has failed to have the breakthrough and advanced levels some prophesized for it in the 
80´s For example Jaron Lanier, one of the major names in VR, shared his views on it 
in an old interview: (Lanier, 1988). There is a working market for these technologies, 
mainly in industrial systems, but compared to the regular IT systems it seems very 
small. There is also a lack of education within this field according to (Horne & 
Hamza, 2006). As my conclusions will help show, the technology is advanced and 
useful in many ways, but not yet ready for the full sensory experience of being in a 
virtual world despite its long history.  

Thus it seems that VR is still something of a specialist field and even though many 
parts of it have been explored in research there are still not that many generally 
accepted principles, theories and practices when it comes to usability.  
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To understand more of how the VR technologies work it is helpful to understand more 
of how the eyes perceive the three dimensions of the real world. Most of the visual 
technologies try to simulate this in one way or another.  

The eyes register various so called “depth cues”, which are basically various forms of 
information that the eyes and brain use to assemble a three dimensional idea of what 
you see. (Hubona et. al.) shows that there are several different theories for how depth 
cues work and most of all how they work when combined. In a general sense it seems 
that the more of these cues your system can provide, the better the simulation of real 
space will be. The conflicts between theories seem related mostly to which cues that 
get priority over others and exactly how they affect each other, but on a more general 
level (VECG, 2003) appear correct where they say “In order to effectively simulate a 
three-dimensional space, it is necessary to provide as many of these visual cues in as 
accurate a way as possible.” 

There are several different types of cues. (Cruz-Neira et al, 1993) lists them as these: 
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Many of them can be simulated in software, while some require hardware to simulate. 
The same paper says “Conventional workstation graphics gives us 1, 2, 7, and 8. VR 
adds 3, 4, and 5.” and also mentions that 6 was not implemented in any graphics 
system at that time.  

Of common usage in visual VR technologies is Binocular Disparity, which is in VR 
commonly known by the term Stereoscopic effect.  
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This is based on the fact that our eyes are set a slight distance apart. This gives us 
slightly different angles of view on what we see, which contributes to the depth 
perception. Your left and right eyes therefore get different images even when focused 
on the same point and the brain then uses that to calculate the depth information in 
what you are seeing.  

A simple example for simulating this are the “3D” comics that many have read as 
children (or seen their children read), where two images from slightly different angles 
are printed on top of another but in different colors. You then wear glasses that filter 
out one of the colors for one eye and the other color for the other eye and thus the 
slightly different images in the same location give an illusion of depth.  

In VR this is a desirable effect since it increases the immersion. A common 
technology used to achieve it is stereoscopic glasses, which come in two flavors: 
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active and passive. They are both used in combination with projector-based displays 
such as Powerwalls and CAVEs.  

Active glasses (called shutterglasses) are based on the idea of blanking out one eye at 
a time by making the glass in front of it opaque, then syncing that change with the 
projector. When the glasses allow you to see through the left eye, the projector 
displays the image for the left eye’s angle of view. Then the glasses switch to 
covering the left eye and opening the right and the synced projector switches images 
at the same time. This is done so fast that the eyes don’t have time to perceive the 
change and therefore the user experiences the display as one continuous image.  

Passive glasses are simpler in design. They rely on having differently polarized 
glasses in front of each eye and projectors that project the eyes’ differently angled 
images onto the same space but also with differently polarized light. The user can 
only see the light of one polarization for each eye, thereby making it possible to send 
separate images to each eye.  

Active glasses are more advanced and also heavier and more cumbersome to wear. 
Passive glasses are lighter and easier to make comfortable. An active stereoscopic 
system requires one projector that can display images at a high enough frequency to 
update for both eyes in real time. Passive stereoscopy do not require as high a 
frequency but instead usually needs two projectors for the same area since they have 
to project different polarizations.  
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Another area related to the visual feedback is the user’s field of view. This is how big 
your visual field is, how much your eyes can see, and the closer the angle is to the real 
situation of approximately 180 horizontally and 120 vertically (VECG, 2003), the 
more immersion you will get. The user’s suspension of disbelief is affected by what 
his peripheral vision can see. If it doesn’t match the area he focuses on it will be 
harder to imagine yourself as being inside the virtual world.  

When looking at a regular computer monitor for example, the virtual world there can 
be very realistic and immersive in itself (as in modern 3D games) but since you are 
presented with only a small part of your field of view to perceive this world, you are 
constantly aware of the real world around you. Blocking out the real world part of the 
field of view as is done in VR helmets (shown in more detail later) goes some way 
towards increasing immersion, but covering it completely with projections of the 
virtual world immerses the user even more, as is done in a CAVE.  
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Haptic feedback is a term for technologies that simulate the sense of touch. It is an 
area that has been in development for some time (Burdea, 2000, p. 2) but it doesn’t 
seem to have fully bloomed into many commercial products yet.  

Similar to VR, definitions can vary a bit, though the scope of this field is much more 
specific. It can be seen as a research field of its own and can be used outside VR for 
sure, but when related to this thesis I see it as a part of VR, as one of the many areas 
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that can be explored within the larger scope of VR. Several different terms can be 
used to describe this field. Burdea groups them well in (Burdea, 2000, p. 1): 
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According to him it is therefore a grouping of several different areas:  

5

��	�������0	�����
����	��	�	� 	��������
�	�

��� ��	����	
�	�	��
����	
�'���	
��
������	�������	���	���
����	6������	�������0	��	 ����	�
	����	���	���
	�	����	
�	
���	��
����	
�'���	��
����	�
�����	��
���
��	��

�� �����	���������	���	
�����
���
��	5�������	�

�
�
�������	�������0	��	�� �	�������	
�	���	���
7�	�
��	
�
����
��	

	�
���
��		

Both tactile and force feedback are therefore about forces generated and projected 
onto our bodies. Force feedback generally concerns larger forces, while tactile 
feedback is about smaller forces. As proven in (Robles-De-La-Torre & Hayward, 
2001) the forces our bodies sense can even overcome the actual geometry of objects 
when we move our hands over them. That experiment uses force cues on the test 
subjects’ fingers to simulate and even counteract geometry, and the tests show that the 
force cues dominate. Stimulating the sense of touch by generating forces is therefore 
what haptics is all about.  
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The history of this field is documented in (Burdea, 2000) and (Stone, 2000) among 
others. Stone says that the first systems with the same functionality have existed in the 
nuclear industry for half a decade, where they have robotic arms that are used to 
handle dangerous materials remotely. Only since the late 90’s have there been 
systems that do similar things for desktop computers however. These have evolved 
into the haptic arms that are described more in chapter 5.2.1.  

Haptic arms generate smaller forces that are good for tactile feedback but for full 
force feedback exoskeletons (chapter 5.2.2) seem to be the best alternative. Stone 
confirms that these were still at the time of writing “confined to academic research 
labs and noticeably absent from commercial catalogues.” My literature search 
indicates that this is still mostly the case.  

A notable attempt at introducing haptic feedback to the mass market was made in the 
mid 90’s when “force feedback” joysticks were introduced for computer games. They 
usually contain technology that simply makes the control vibrate at times and 
strengths determined by the software. Going by the definitions above, they were more 
tactile than force feedback but again, definitions can vary. This technology seems to 
have been a success since game controllers today for both computer and video game 
consoles still include it.  
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Grigore C. Burdea says “We need interfaces that are powerful, yet light and non-
obstructive.” (Burdea, 2000, p. 8) and concludes that (at the time of writing) the 
actuators required for that to truly be the case do not yet exist. Market searches 
(chapter 6.1) indicates that this still seems to be the case, since the haptic products 
found today are based on the same constructions that were available at that time. 
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Haptic arms look more streamlined and comfortable today and the technology is 
steadily advancing, but they are still the same basic kind of products.  

More advanced haptics than force feedback joysticks have yet to appear in the larger 
markets of consumer goods, though there is a game controller on the way called the 
Novint Falcon (more info at http://www.novint.com/falcon.htm), which is intended 
for release in 2007. It is in essence a simple haptic arm with a small but three 
dimensional interaction volume. There is also work on haptics in the mobile phone 
business with a touch screen phone that uses haptics to simulate key presses (The 
Economist, 2007). It will be interesting to see if any of these can help spread haptics 
to the mass market. 
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Today it’s still very common that companies ordering any kind of IT service from 
external suppliers do so based on requirements that focus mostly on the technological 
and economical factors. To take the actual usage or even the end-users of the 
technology themselves into account is not as common. This can lead to problems 
where the procurer ends up with a product that is not adapted to their users’ needs at 
all and thus many externally supplied IT systems also end up in drawn out 
development projects to fix these problems. This is costly and tiresome for all 
involved. Many such problems could be solved if the focus on the users and 
considerations of their needs and wants is a larger part of the project right from the 
start.  

However, most work in this field (academic as well as business-related) focuses on 
the suppliers, mostly through discussing the design and its process. This appears to 
hold true also in the field of VR. This is a very good approach with many benefits but 
if the demands set on the projects are still vague and unfocused and do not include the 
user’s perspective, then much can still go wrong in the acquirement of new systems.  

To facilitate a fully developed user-perspective in projects that are created through a 
procurer-supplier relationship between companies, the procurers also need to 
incorporate a user focus when they set their initial requirements for the projects.  

It is well summarized in (Holmlid & Artman, 2003):  
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One way of going about this is to give the procurers concrete organizational 
suggestions to use when creating these demands, suggestions that not only give them 
the harder data they often need to build business cases but also incorporate the user’s 
views and considerations of the actual usage of the final product into that data. If 
procurers can go out to the suppliers with a more user-centered list of requirements 
then the suppliers will have to adapt to that and the odds of the user being put first and 
foremost in the design increases.  
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Augmented Reality is a mixture of virtual and real, a way of using the virtual 
technology to augment reality rather than using it to simulate it as is done in VR. 
(Azuma, 1997) describes it like this: 
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He goes on to define AR systems to have the following three characteristics: 
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So in difference to VR immersion is not a part of the definition, and it’s not even a 
part of what the desired goal of AR usually is. The goal in AR is to blend the virtual 
environments with the real rather than to replace the real with the virtual. In definition 
that is a major difference between VR and AR and in practice it also shows when 
looking at research done in this field. 

(Azuma, 1997) and (Azuma et al, 2001) are surveys that show many examples of 
what AR can look and be like. As seen there many of the AR systems described make 
use of a head mounted see-through display, which shows the user a virtual image 
projected onto the real world. This works by keeping track of where he/she turns and 
looks using various sensors and comparing that to a virtual version of the same space. 
This can be contrasted with VR that often uses VR helmets (more on them in chapter 
5.1.1), which instead use opaque displays and also enclose the user’s eyes by covering 
the view of the real world around them. This use of tools itself illustrates the basic 
principle of blending rather than replacing, in my opinion.  
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A part of AR is the interaction, which sometimes makes use of Tangible User 
Interfaces. (Ishii & Ullmer 1997a) define it thus: 
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In (Azuma et al, 2001) they describe it like this:  
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and go on to list a several examples of projects where this idea has been used.  

TUIs as used in AR are another example of how it attempts to blend virtual and real. 
(Ishii & Ullmer, 1997b) list several of the notable research projects in this area from 
the 90’s, such as the ClearBoard and the Marble Answering Machine. The focus in all 
work with TUIs is usually on using various different physical objects and surfaces to 
control and/or receive feedback from the computer system, rather than just using a 
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regular mouse, keyboard or monitor. This can take the shape of generic objects that do 
not look like any special tool but feel comfortable when held in the hand, such as 
those used in BUILD-IT (Fjeld et al, 2000). They give the user a physical, graspable 
way of interacting with the virtual world.  
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This area of HCI has not been much explored yet, according to (Swartling et al, 2005, 
p. 10), (Persson et al, 2004, p.23) and (Holmlid, 2003). This was confirmed by my 
literature search which showed that hardly anything has been published in this field so 
far, at least not that I have been able to find. Some very interesting work has been 
done at Kungliga Tekniska Högskolan in Stockholm however, where HCI professor 
Henrik Artman has presided over a project on this topic with several publications.  

In (Borgström, 2001) a list of factors that concern interpersonal and agreement-related 
aspects are listed as conclusions (p. 9). Among these are “Agreement on active 
supplier participation in user studies” and “Direct contact with 
programmers/designers” (my own translation from Swedish). For this study these are 
very relevant to the continued work with VR at the company, because of the disparity 
between the REMs’ computer skills and the advanced level of computer science 
involved in VR systems. The company can for example require that those that supply 
the new system will get to know their users by participating in user studies, in order to 
adapt the technology to them.  

One of the major results of this whole thesis is hoped to be a general increase in the 
awareness of usability issues at the company, mostly in the sense of including a user-
centered focus in the evaluation of technologies. Therefore this area of research has 
been a way of thinking throughout the whole work for me.  
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Some work has been published concerning usability and related issues in the field of 
VR. It has a strong supplier focus however; almost all of it is about how to design VR 
environments. It is also focused on software, though that is in a sense natural since it 
seems most usability-related work in traditional computing is also focused on that. 
My personal opinion is that factoring in the hardware that is used is very important 
since there is such a large variation between the different technologies used in VR. 
For regular computers the hardware seldom changes, it is mostly keyboard, mouse 
and a regular monitor. In VR it can be any of the technologies listed in chapter 5 or 
even others not listed there, and they all differ a lot in many areas when it comes to 
evaluating the context of use and other factors. Therefore including both hardware 
and software in a set of design guidelines would likely be best for VR, though I of 
course realize that complicates such work tremendously.   

(Fencott, 1999) writes about creating a design methodology for virtual environments 
(VEs). He seems to view the field mostly in a software perspective since he talks of 
games etc. He does have several interesting points though. On page 6 he writes: 
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In other words the context of use has to be established before usability can be 
considered, which matches the ISO definition outlined in chapter 3.1.1. I agree with 
Fencott that this is important, since a VE really can be just about anything from 
fantasy to reality and the conditions will differ wildly from case to case. Therefore it 
could be hard to create general guidelines for design.  

Fencott also writes (Fencott, 1999, p. 2):  
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This is another reason that guidelines are rare; research areas vary a lot since the field 
is very dynamic and they have neither been fused into coherent wholes nor 
categorized clearly. This particular paper is several years old but still seems to hold 
true. In my literature search most papers that concerned usability in and design of VR 
is from the mid- to late 90’s; (Marsh, 1999) and (Stanney, 1995) are two examples as 
is several publications by Kulwinder Kaur: (Kaur et al, 1996), (Kaur, 1998), (Kaur et 
al, 1999a) and (Kaur et al, 1999b).  

Some papers I have found have appeared in more recent years that are mostly 
concerned with the evaluation of virtual environments. This is an important step in the 
design process but not design guidelines per se. (Sutcliffe & Gault, 2004), (Patel et al, 
2004) and (Bowman et al, 2002) are examples of such research.  

My angle here is to make a broad and useful evaluation of VR hardware for work 
done at the company. These methods for usability evaluation are very useful for 
evaluating the creation of the technologies but in general harder to use for evaluating 
the technologies that already exist as finished products. Those aimed more at 
evaluation of existing systems seem to focus mostly on software and user interface 
issues, since these are common and very important issues in the field of HCI. 
Hardware does not seem a common area to examine, however.  
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Lars Bjesse and Björn Säljö did a thesis similar to this one in 2000. In (Bjesse & 
Säljö, 2000) they detail their work on evaluating if VR could be used for assembly 
and disassembly. They constructed a software testing system and used VR technology 
available at Volvo Technology at that time to run user tests on it. They reached the 
conclusion that VR was a promising technology but the older equipment they had 
used was not suitable for these tasks but might instead be better for other tasks, 
including method work (p. 37). They also confirm that audio feedback was 
appreciated among the test users (p. 36).  

(Chryssolouris, G., 2000) has the same motivations as my thesis’ company behind 
their work; that of reducing times and costs by moving from using physical prototypes 
to using virtual. They talk about how so far (up till 2000) the focus has been on 
simulating the human and putting them into the system (p. 267). They have a good 
definition of what such a software component is: “anthropometrical articulated 
representation of a human being, called “mannequin””. Their project is instead about 
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using VR technologies to create a “prototype virtual experimentation environment” 
(p. 276) for the planning of assembly work and they reach the conclusion that it 
should work well for that.  

(Ye et al, 1999) has compared how effective a task involving assembly planning has 
been carried out in three different environments. One is non-computerized and paper-
based, one is “nonimmersive” desktop VR, and one is a CAVE VR environment. 
They have measured total times taken to perform the tasks by doing user tests. The 
results show that both VR environments had a significantly lower total time for 
completion. The assembly planning done is not identical to the work carried out by 
REMs but similar in many ways, thus this work can be considered as a strong 
indication that VR could indeed speed up the work process for REMs.  

(Blue et al, 2002), (Wampler, 2002), (Wampler, 2003) and (Wampler, 2004) are 
reports from a project carried out for the US Air Force. They detail different aspects 
but the goal is to generate complete service manuals automatically. The project, called 
Service Manual Generation (SMG), has this goal (Blue et al, 2002, p.4):  
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My understanding is that they basically wanted to make a computerized system with 
software that can create the manuals by itself. Their equivalent of REMs would then 
go in and verify the work using VR hardware. As it is described, the workflow has 
two different verification phases, both with the goal of having the REMs ensure that 
what the computer has created is acceptable. It seems that the goals set for this project 
go several steps beyond those of the company this thesis is done for. At the company, 
the near future goal is (according to informal discussions and as suggested by some 
REMs in interviews) to change the earlier stages of method creation by eliminating 
the need for physical prototypes, but still keeping the last stages which include doing 
verifications of methods on the final designs of physical components. In this SMG 
project they intended to go further and include even the verification in the 
computerized system. In these reports I see little in the way of user studies however. It 
is not clear how much the working conditions for and skills of their REMs differed 
from those at the company, but it seems very risky to go so far with computerization 
without starting with studying how it would affect the users. As is stated in (Wampler, 
2004, p. 21): 
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This is a clear indication that they started with the technology and only thought about 
the users and use of it afterwards. 

(Bloomfield et al, 2003), also related to the SMG project described above, offers a 
comparison of three input devices for VR, one haptic and two not, and conclude that 
the Phantom haptic arm had a shorter execution time in their test and therefore 
seemed more effective. They have not tested whether the reason for that was the 
haptic feedback or the construction of the device itself however. A taxonomy for 
haptic actions has been included which they show is useful for testing haptics.  

(Zhao & Madhavan, 2006) is about VR’s use for assembly work. They present a 
system that has several interesting software features such as a mannequin and voice 
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commands to control it. Contrary to me they deal mostly with software creation 
however. The paper mostly concentrates on detailing the software architecture and 
does not give conclusive testing data on how well their system works. Therefore it is 
an interesting case of what software can do, but lacks hardware and testing data in 
relation to the purpose of this thesis.  
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Listed here are the technologies that seem to be the most commonly used in the field 
of VR today. There are other specialized types of equipment but the literature search 
(chapter 6.1) indicated that these are the most common types, both in research and on 
the market. They have been split into groups based on if they are mainly for input or 
output. Note that Haptic arm appears under both categories since they are by default 
both at the same time. This can serve to illustrate that these categories are not set in 
stone; many different types of combinations of technologies exist, for example 
exoskeletons that are fitted to VR gloves. I have however chosen to group them the 
way listed here based on what capabilities the most common variants have, rather than 
what other rarer variants can include.  

 

Output  Input 

Visual Motion-tracked control 

�  VR Helmet 

�  CAVE 

�  Powerwall 

�  Autostereoscopic monitor 

�  VR Glove 

�  Wand 

Direct control 

�  Haptic arm 

�  3D mouse Haptic 

�  Haptic arm 

�  Exoskeleton 

Table 1: The technologies that have been evaluated. 
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This is a portable display system that mounts two miniature displays, one for each 
eye, on a helmet or similar equipment that can be worn on the head. It is therefore 
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usually classified as a Head Mounted Display (HMD)4 system. The displays fit over a 
portion of the user’s field of view and the helmet usually cover the rest so the user 
can’t see the real world, only the virtual. Both eyes can receive the same image or 
different ones depending on the design. If they receive different ones then a 
stereoscopic effect is basically built into the system. 

VR helmets are fitted with head tracking equipment. This is a set of sensors that track 
the rotation and position of the helmet. This information is used to directly update the 
display the user sees, so when the user turns his head in the real world the virtual 
camera angle turns the same way. Therefore the illusion of presence is enhanced, 
since as soon as the user’s head is turned he/she sees the virtual world update 
similarly.  

 
Figure 3: Examples of VR helmets.5 
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The virtual environment is projected on the walls in front of the users, on the floor 
and sometimes even on the ceiling and wall behind them. The users stand inside a box 
with rear-projected screens with stereoscopic projections on them forming the 
surfaces. Definitions and versions vary but most seem to project on at least 3 walls 
and the floor, as in the original design: (Cruz-Neira et al, 1993).  

The idea for CAVEs is to create immersion by surrounding the user with surfaces that 
virtual images are projected on. This is expressed well in this quote:  
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Motion tracking technologies are often used to track the movement of the user by 
tracking his head, or both the movement of the user and the controls as in for example 
(Ye N. et al, 1999) and (McMahan et al, 2006). This allows the user to step around 
inside the CAVE with the display continuously updating to reflect his changed 
position and view angle.  
                                                
4 HMDs can include both VR Helmets and the kind of see-through display glasses used in AR, so the 
term VR helmets is used from now on to indicate which of them this is. 
5 Sources: http://www.inition.co.uk/inition/images/product_hmd_cybermind_visette45sxga.jpg (left) 
http://www.stereo3d.com/img/vfx3d.jpg (right) 
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This VR solution was created at the Electronic Visualization Library at the University 
of Illinois in 1991 (Cruz-Neira et al, 1993). It has been in use and developed further 
ever since those years in the early nineties, but today’s CAVEs follow the same basic 
principles even though just about every technology involved in the design has been 
upgraded since then.  

It is possible to do collaborative work in a CAVE since it has a larger area to move 
around in. Only one user at a time can control the viewpoint, but many can see the 
results at the same time.  

  
Figure 4: Examples of CAVE setups.6 
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This display system contains images projected onto a wall in front of the users. They 
come in various shapes and sizes but common features include that they have a high 
resolution and when used for VR they are usually combined with motion tracked 
controls. The high resolution is achieved by having different projectors cover different 
areas of the screen, forming a patchwork of images where the total resolution can then 
be increased compared to having just one projector cover the whole view. 

There are various versions of the basic idea; some project onto one flat wall in front of 
the users, some onto bent walls that curve around the users, covering more of their 
field of view. Due to the cost of projectors there have also appeared projects like the 
GeoWall (Geowall Consortium homepage, 2007), which aims to construct a working 
Powerwall system on a limited budget.  

The large space of these displays mean that many people can view data on them at the 
same time, making collaboration and presentation easier. Combined with stereoscopic 
glasses all users can get an increased sense of immersion, even though only one at a 
time can control the viewpoint since the computers can only display one viewpoint 
corresponding to one user.  

                                                
6 Sources: 
http://www.eonreality.com/images/main/display_systems/eon_icube_installation_3_230x173.jpg (left) 
http://cic.vtt.fi/4D/images/caveleft.gif (right) 
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Figure 5: Examples of Powerwall setups.7 
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This is a rather new type of monitor that aims to create a stereoscopic effect for the 
viewer without using any external hardware such as VR helmets or glasses. It can be 
used for VR since the stereoscopic effect enhances the immersion.  

Small lenses are used to focus different rays of projected light out into different parts 
of the space in front of the monitor. This means that you can have separate images for 
the left and right eyes projected at the same time. The stereoscopic effect depends on 
the user’s head being in the correct place to receive the separate rays however. This 
creates what is known as a “sweet spot” where the stereoscopic effect works fully. 
Outside this area the effect is lost.  

  
Figure 6: Examples of autostereoscopic monitors.8 

                                                
7 Sources: http://accad.osu.edu/~aprice/courses/BVE/images/apps/powerwall.jpg (left) 
http://graphics.cs.ucdavis.edu/~okreylos/ResDev/ProtoShop/Powerwall.jpg (right) 
8 Note that the image on the left is digitally edited by its creators to illustrate the depth illusion. 
Sources: http://www.inition.co.uk/inition/images/product_stereovis_opticality_24.jpg (left) 
http://www.inition.co.uk/inition/images/product_stereovis_dti_vw19_2.jpg (right) 
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This control has a handle mounted on an arm with motorized joints. The actuators in 
the joints can generate forces of various strength and frequency and thereby create 
haptic feedback. The user both controls the system directly by moving the arm around 
and simultaneously gets haptic feedback from it.  

The arms can be of varying sizes but a common feature for all is that they due to their 
design offer full 6 degree of freedom (DOF) movement. Since they are mounted on 
arms the volume of space the control can be moved in is limited, but within that space 
the control offers three dimensional movements. This offers a natural way of moving 
and controlling virtual 3D space.  

These arms seem to have come from the robotic arm controls used in the nuclear 
industry (mentioned in chapter 3.4.2). A major breakthrough for them seem to have 
been the PHANToM haptic interface (Massie & Salisbury, 1994), a name that is still 
in use for a product line of haptic arms today from the company SensAble (see Figure 
7 for two examples). 

  
Figure 7: Examples of haptic arms.9 
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This is a set of motorized parts that are mounted on the user’s body to form an 
external skeleton of sorts (thereof the name). These often have the general function of 
external limbs of sorts. They can generate forces onto the user’s attached body parts, 
which provide haptic feedback. When your virtual hand hits a virtual surface the 
exoskeleton can generate enough force to also stop your real hand from moving any 
further in real space. The exoskeleton’s history is briefly outlined in (Stone, 2000, p. 
2-3). Today there still seems to be mostly research prototypes of this technology. The 
only real commercial products I have found are the CyberGrasp (Figure 8, on the 
right) and CyberForce by the company Immersion, both add-ons to a VR glove that 
are in essence small exoskeletons.  

                                                
9 Sources: http://www.inition.co.uk/inition/images/product_ffhaptic_sensable_phantom_omni_03.jpg 
(left) http://www.inition.co.uk/inition/images/product_ffhaptic_sensable_phantom_desktop_02.jpg 
(right) 
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Figure 8: Examples of exoskeletons.10 
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This is a glove that is tracked in real time to give a natural movement. Not many 
product types exist, but they come in two general flavors. Pinchgloves are motion 
tracked but only register the contact between fingers and map software commands to 
that, so you “pinch” your fingers to make something happen. Datagloves are also 
tracked but contain flexibility sensors that sense how much your fingers and hand 
bends, and update the software accordingly. Note that these two terms can vary a bit 
but they seem to be the most commonly used. Current versions of these controls are 
wireless and combined with motion tracking that gives a lot of freedom of movement.  

  
Figure 9: Examples of VR gloves.11 
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A simpler control type which can take many shapes. It is at heart just basically a 
remote control. It is motion tracked, which allows freedom of movement. It also has a 
number of buttons which differ a lot between different designs. The first CAVE 

                                                
10 Sources: http://www.pureform.org/immagini/System/Exoskeleton2.jpg (edited for clarity) (left) 
http://www.inrialpes.fr/sed/PRV/CATALOG/IMAGES/CyberGrasp.gif (right) 
11 Sources: http://www.inition.co.uk/inition/images/product_glove_immersion_cyberglove2.jpg (left) 
http://www.inition.co.uk/inition/images/product_glove_5dt_ultra.jpg (right) 
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system (Cruz-Neira et al, 1993) used an early type of wand as control. The simplest 
I’ve seen is that used in by the company IC:IDO in their installations. It is simply a 
stick with markers added for optical tracking and two buttons for different functions, 
like the buttons on a mouse.  

  
Figure 10: Examples of wands.12 
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A form of mouse-like control that is created specifically to ease navigation in 3D 
space. These can take different shapes and sizes. The most natural I’ve seen is those 
from 3DConnexion, such as the SpaceNavigator (Figure 11, on the left) which is a 
simple rounded shape squeezed, moved or pulled by the hand. Regular mice operate 
only in two dimensions so a new device like this is intended to make the navigation in 
3D space easier and more natural by mapping the virtual camera’s movement to a 3D 
control.  

  
Figure 11: Examples of 3D mice.13 

                                                
12 Sources: http://www.inition.co.uk/inition/images/product_3dinput_ascension_wanda_01.jpg (left) 
http://www.icido.de/mediadb/Pictures/Hardware/IC_3DControl_1_160x160.jpg (right) 
13 Sources: http://philip.onetwenty.org/wp-content/uploads/2006/11/space_navigator.jpg (left) 
http://image.bizrate.com/resize?sq=400&uid=7432790 (right) 
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As described above. It is listed here a second time to illustrate that it is a technology 
that combines input and output in the same interface, as many other of these 
technologies can do.  
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Much time has been spent studying this field and mostly this research has taken the 
shape of published research papers found in online databases such as ACM and IEEE. 
The initial studies were meant to give a clearer image of how VR works and to look 
more into the various parts of this field that turned up. Later on the studies were more 
about finding specific facts and theories once enough had been learned about both the 
repair method work and the field of VR.  

Market searches were also made in the form of online searches, to try to establish a 
realistic view of the marketplace for these technologies. Two categories were looked 
into, developers and suppliers, to get both an idea of how many companies that create 
products related to VR today and an idea of how many stores sell them.  

None of these have any formalized results to display. Instead the knowledge gained 
from literature studies saturates this whole report, it is what all knowledge I have of 
VR is based on. The market searches are also part of this; they are the base of my 
views of what this section of the computer business is like today.  
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It was planned to start data gathering by doing observation studies of the REMs work 
on methods. The idea was to do observations of the users in their natural workplace 
when they worked on creating or verifying methods. The interviews would then be 
used to follow up and expand on the data gathered there. However, due to unfortunate 
timing there was simply no real work being done on methods in the project period 
where I needed to gather my data.  

I waited some extra time for work to turn up that I could observe, but after several 
weeks I decided to go ahead and start gathering data through interviews instead and 
then do observations if time and work permitted it later on. No repair method work 
ever occurred at times when I could attend so regrettably I never did manage to get 
any formal observational study done.  
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What I instead relied upon was more informal studies. Conversations with people I 
met in a hallway, phone calls and emails asking questions, and several shorter visits to 
the workshop all helped build a picture of how the repair method work was done. I 
also received a few walkthroughs of the workshop and at one point also a repair 



P a g e | 29 

 

method that would be created later on. They helped create a good image of what the 
work was like in my head, even if I did not have any formally produced data on paper.  

A major help has been the regular meetings I have had with the two managers that are 
most closely related to this project and its users. Every other Monday since the start 
we met for half an hour and discussed my progress. On these occasions I often took 
the opportunity to ask questions about how the repair method work works and how it 
is organized. They could also keep up with what work was being done at the time and 
give their opinions on the direction the work was taking.  
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In order to get some personal feel of how these technologies work visits to a few 
different installations of different types of VR technology were made. Two resellers 
of VR technology and three installations at companies and institutions that used VR 
were visited. There were no possibilities of conducting formal test or observations at 
those times but the visits helped tremendously in giving me a personal feel for how 
some of these technologies actually feel and look like when using them.  
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I chose to do interviews for several reasons. One of them was that the number of 
subjects available to interview were only roughly 7-8 people. With a low number of 
subjects it seemed more likely that a good amount of usable data would be acquired 
from a method that could probe in depth. Another reason was that I wanted a more 
personal view of each REM and since there were few of them I concluded that an in-
depth interview would give better data.  

A total of 7 interviews were conducted. All of them were between 1.5 and 2 hours 
long. The persons interviewed were all REMs at the company and all worked on 
different parts of the trucks (i.e. engine, gearbox, etc.), thus giving a broader base of 
facts. The interviewees are written down only by number, never by name, a fact I 
informed them of prior to starting the interviews. The subjects’ ages were not 
recorded. However, an estimated average of all 7 is around 40-45 years old.  
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I chose to do semi-structured interviews. The semi-structured approach gave both a 
base of guidelines to adhere to and the freedom to explore issues in further depth as 
and when they were found.  

One of the reasons I chose this structure was that the answers were hard to guess in 
advance, i.e. I didn’t know what to expect. Therefore I chose a format that allowed me 
to probe some issues further in case they seemed relevant.  

Another reason was that one of the main areas I wished to explore was the way the 
REMs work. That differs quite a lot from person to person in some areas as I 
understood it so the method had to be flexible and adaptable to get as much data as 
possible from each one.  
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I chose to do a very quick introduction partly since they all knew of the project my 
thesis is a part of, partly because I had already introduced myself at a group meeting 
several weeks before the interviews started. I had also met and chatted with several of 
them around the office. The introduction was therefore only a brief reminder of who I 
am, what I study and what my thesis is about, and then a brief explanation of what the 
purpose behind this interview was.  

There were three main areas I wanted to explore: 

�  The repair method work, the way they work today 

�  Their current experiences of computer systems 

�  Their view of future work with computer systems 

With the repair method work the aim was simply to learn as much as possible about it. 
I wanted to find both the common practices for all REMs and also the differences.  

Their experiences of computers today were important since it is something that will 
affect their acceptance of future technologies. If they have good or bad experiences of 
computers and systems related to their work that will change the way they consider 
working with future systems.  

Their view of future computer work was something that also seemed important to 
explore. I wanted a clearer picture of what their view of this technology was. Since 
they all knew about the project my thesis is a part of and I had heard that most of 
them knew of at least the basic ideas of using VR, I wanted to know what they 
imagined using VR technology would be like, or if they even had any conception of 
what it could be like. After talking about computer use for a while I therefore showed 
them some pictures of a few different CAVEs, Powerwall systems and VR Helmets. 
Then questions about VR were asked. The choice of pictures was limited to just the 
main three types of major visual systems to keep the REMs minds focused on their 
work. These three VR environments were meant to keep them on track in thinking 
about their working environment without going into details of various technologies or 
creating a negative impression by overwhelming them with advanced technology.  

The content was structured after these three areas in the order seen above. I started 
with the repair method work to get them in a frame of mind where they think of their 
current way of working before I moved onto the future technologies. The aim of this 
was to try to aid them in thinking about their actual use of the technology by making 
them start out with thinking about their use of the current tools. 

The interview guide used can be found in the appendix. It is in Swedish since that was 
the language used for the interview itself.  

1!%!% $�
��������
�������
�����������
����
���
��

Due to the informal nature of the interviews and the fact that no mediating objects 
were used, few preparations were necessary. A time was booked with each REM I had 
already been introduced to and a laptop and a notebook was all that was present at the 
interviews.  

I planned the first interview to be a pilot test where I would figure out what worked 
and what didn’t. It turned out that the first two of the REMs had to do theirs with little 
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time in between, so in reality I got what amounted to two pilot cases. I then made 
some adjustments to my interview guide and did the following interviews in the space 
of two weeks.  

The interviews took place in three different locations. The second was in a conference 
room near the offices, the third and fourth in a break room nearby, the others in a 
small break room inside the workshop. All were locations that were familiar to the 
REMs, empty of other people and reasonably comfortable.  

I started recording sound on the laptop (first asking their permission to do so) and also 
took notes on all that seemed relevant during the interview. The notes were centered 
on the three areas outlined in Content above. During the first interview I had not 
found a program that worked well enough to record such a long time so the audio 
record of that interview is unfortunately lost. The others were recorded as wav audio 
files and then encoded as mp3s to make them easier to use (and to save precious space 
on my laptop’s hard drive).  
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I listened through the tapes as soon after recording them as possible to keep 
everything fresh in my memory. When analyzing them I used my notes as a starting 
point but also wrote down anything new I did not have in the notes but that seemed 
relevant. I wrote down all things related to the three areas I wanted to explore, one 
paragraph per point. In other words I had a strong focus on which areas I wanted 
information on right from the start in the analysis. These were the same areas I 
outlined in Content above. Anything that caught my ear was written down however, 
any point that seemed interesting or useful in one way or another. This produced a 
total of 312 points of interest (see appendix 14 for a complete list).  

After doing so for all 7 interviews I categorized the points hierarchically. I started by 
identifying major common areas and moving the text paragraphs into that category. 
When that was done for all paragraphs I looked for common areas within the 
categories just defined and made sub-categories of them, thus forming a simple 
hierarchical structure.  

This gave both a dataset that was easier to read and handle and an overview of how 
important various areas actually had turned out to be. Some subcategories were things 
not previously thought of and some that were expected to contain many facts and 
comments turned out not to be so important after all. Some general indications were 
possible to see right from the start, in other words.  
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I planned a follow-up study after I had analyzed the interview data and compared it to 
some of my original intentions. One of those intentions was to show statistics over the 
repair method work but the interview data was not structured enough to create a more 
statistical analysis of the work process. There were also some issues I felt I wanted to 
explore in further detail, mostly related to finding out how much of the total work that 
was affected by some of the requirements and tasks identified. 
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The follow-up was planned in the shape of a questionnaire. The size was limited to 
something the REMs could fill in in around 15-20 minutes. This limitation was put in 
place because they are very busy and the results had to be collected in a short time, 
thus I couldn’t risk them putting it off because it would seem a dauntingly big task 
they had to plan into their schedules. Therefore the amount of questions and the 
number of possible replies were considered a balance between result accuracy and 
speed of input.  
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The questions were based on three things: 

�  What I deemed important to know more about after analyzing the interview 
data.  

�  What I needed more facts for when creating the mapping (chapter 6.5) 

�  A need for more numerical facts on what effects computer technologies might 
have on the work process and the respondents views on them 

The survey was distributed via an internal online survey system to REMs at several 
sites for the company around the world. Those participating were all REMs. 18 
questions were created, all with multiple choice answers. No free text answer options 
were given since the purpose was to create statistics, thus the need to fit answers into 
one predefined option or another from all users. At the end there was a field where 
they could write their own comments and ideas, but it was not tied to any question.  

The full questionnaire can be found in the appendix and the results are summarized 
below.  

The alternatives for answers had different layouts and numbers of alternatives. 
Common to all were that the labels for the options had some kind of relevant name, 
i.e. even though they were generalized and simple they were not just abstract numbers 
on a scale. This reduction in abstraction was chosen to decrease the risk that 
respondents would choose an option without knowing exactly what they chose.  

Three general types of answers can be found on several questions, plus a few special 
lists of choices that only appeared in their own question and were not very similar to 
any other:  

�  7 of the questions (number 5 to 11) had 6 alternatives in the shape of percent, 
going from 0% to 100% in 20% increments. These were all about the amount 
of different tasks and properties in the work they do. This left no neutral 
alternative, closest were 40% or 60%, because I did not want them to choose 
the neutral “safe” option. I wanted them to think about their work and give me 
an estimate at least of if it was more or less than half. I considered 6 options to 
be an acceptable tradeoff between exactness of results and speed of input.  

�  5 of the questions (4 and 13 to 16) had a 5 point Likert scale with a neutral 
alternative in the middle. The exact answers were different but had the same 
essence; that of going from negative to positive in 5 steps. Here they were 
estimating skills and attitude and I wasn’t as sure what kind of answers they 
were likely to give so a neutral option was inserted. Question 4 also had a 6th 
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option inserted which was Not Applicable, since it was possible that they had 
never worked in a workshop and replying to this question without being able 
to choose such an option would skew the results. It also had an explanation in 
parenthesis: (you never worked in a workshop) so there would be no doubt.  

�  2 of the questions (17 and 18) had a system I had to figure out myself. It has 
likely been used and documented before since it’s so simple however. The 
goal in both was to get a percentage estimation of the ratio between two 
different answers. Ideally this would have been a sliding bar or similar which 
went from one option to the other, but only multiple choice with radio buttons 
was available due to the technical limitations of the survey system. Therefore 
5 different options representing different points on such a sliding scale were 
made, i.e. 1: A 0% B 100%, 2: A 25% B75%, etc. There was also a neutral 
option since they were likely to estimate about half their work being done in 
each place.  

�  The remaining questions (1 to 3 and 12) were a little different from the others. 
Question 3: Based on what was learned in interviews and informal discussions 
5 different ranges of work experience were estimated in years and an option 
added for those who had not worked in workshops before. Questions 1 and 2: 
the values for these were added by the company since I did not know all of 
them. Question 12: interviews indicated that special tools were very important 
so an expanded list of 10 options numbered 1 to 10 were given to get a more 
exact figure. There was also a Not Applicable option so those who do not use 
tools could choose an answer without skewing the results. 
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The goal of this mapping was to get what had been learned throughout the project 
down into a concrete set of data. This would then serve as a basis for conclusions, 
together with what was learned from the other methods.  

At first the idea was to create a table that mapped user work directly to technologies. 
However, there seemed to be too many things to say on each point of comparison to 
make the grading useful to the company. Therefore I searched for alternate ways of 
finding factors to compare and after a few needlessly complex attempts ended up 
doing it by using three factors. In the ongoing analysis of the technologies and repair 
method work I found common denominators in several areas. I used these to link 
users and technology. 
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Three words are used to group the different factors involved in the mapping: 

�  Requirement 

�  Technology 

�  Property 

Requirement is a demand or need that the user or context of use of the system 
creates. 
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This is the user end of the mapping. Requirements are what the users need to do their 
work. It can be both usage-related things like High User Acceptance and more repair 
method related things like Take Standard Times.  

Technology is a type of technology that is available for use in VR systems today.  

This is on the level of technology types rather than individual products. As mentioned 
in definitions of VR I have chosen not to adhere to any strict academic definition of 
what should and shouldn’t be included here. Instead I deemed it more important to 
show the company the types of equipment they can encounter when searching for VR 
providers. I’ve therefore included those technologies I myself saw the most of when 
doing literature studies, specifically the market searches.  

I have also included regular mouse, keyboard and monitors partly for reference in 
comparison to more VR-specific technologies and partly because there are products 
on the market for regular computers that are called VR that the company will 
encounter (mostly software solutions).  

Property is a trait that is common to several technologies and also has some impact 
on several requirements.  

When mapping to requirements the grade is a measure of the impact the property has, 
when mapping to technology it is  a measure of the degree to which this property can 
be provided in that technology. 

1!)!#  ����������������
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The layout of the table is set up to make it possible to compare 3 different factors in 
the same table. Since properties are a sort of middle ground between technologies and 
requirements they map to both of those factors. Then there is a grading of each cross 
between factors. 

The table can be read either from requirements, through properties, to technologies, or 
the other way around. You can for example start by looking at a requirement, see 
what properties are important to fulfill it, then see which technologies best provide 
those properties. You could also start by looking at what a technology is good at 
providing and then see which requirements those properties are good for. In other 
words it can be used both to figure out what to use for a certain aspect of repair 
method work and to evaluate of what use a certain technology can be.  

This style of table was based on one called PISTE, which I was shown examples of. 
That format was larger however, it compared 5 different factors in a similar way, with 
the 4th factor going down vertically to the right of the 3rd and the 5th crossing the 4th 
horizontally below that. The company used it for some internal work and it turned out 
to be good for comparing several factors at once. I only needed three so I adopted the 
basic idea. 

The table can be read like in Figure 12. In this example you start by identifying a 
requirement (step 1), and then you find a property that has a high impact on that (2, 
3), follow the column for that property down and see which technologies are good at 
supplying that property (4 and 5). The table could just as well be read in reverse 
however, so you can start by examining a technology and then end up seeing which 
requirements that technology is good for in what ways.  
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Figure 12: Example of how to read the mapping data 
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The scale for grading that is used in the table is  

 X : Not mappable  

-1 : Negative  

 1 : Acceptable  

 2 : Positive  

 3 : Extremely positive 

“Not mappable” means I have not found any way through facts or reasoning to make 
a useful comparison of the two factors involved. For example, I have no way of 
relating a visual output property to a direct control input technology. Trying to do so 
would just make it far fetched and therefore useless to the company.  

“Negative” is a grade that means something would have a noticeable bad impact. It 
could be major or minor, but as long as the total impact the grade represents is on the 
negative side the grade is set to -1. 

“Acceptable” means the impact is on the whole good rather than bad but not in any 
especially noticeable way.  
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“Positive” means there are reasons that this grade will show something to be 
noticeably good. 

“Extremely positive” means that facts and reasoning shows that the impact of this 
grade is very good indeed. 

The grades have no neutral alternative. A neutral option would give the company no 
real added knowledge of what is good or bad and thus not be very useful to them. The 
only grade that resembles neutral is the x, but that grade is in reality outside the scale.  

The scaling is somewhat relative, i.e. I have not defined absolute limits for each grade 
but instead used them as a more general indicator. The reasons for this are that I have 
had only brief introductory access to the VR technologies and some of them I have 
not been able to try at all. I have therefore had no possibility of conducting user tests 
on them, whether with myself or with the actual end users. It has also been hard to 
track down scientific data that shows direct evaluations of technologies, or direct 
comparisons between technologies or different aspects of them or abilities they 
posses. There simply doesn’t seem to have been published much work in that area. 
That also contributes to the difficulty of creating absolute limits for the grading 
system.  

The grade itself when comparing properties to technologies is set to give an indication 
of how this type of technology will normally perform so in the nature of the 
generalization the grades are set for what abilities the normal versions of the 
technology seem to have. Where it is applicable, extra extensions and variants that are 
available but not integrated as a standard in the current market have been indicated in 
comments instead. This is meant to create data that is more useful to the company 
when contacting suppliers.  

Another factor for making grades less absolute is that I wanted them to illustrate 
differences between the different factors compared, since I felt that this would give 
the company a better set of indications. If the grades were absolute then it is likely 
that many more items would have the same grades, it would be harder to create an 
absolute scale that illustrates differences as clearly. Thus, I have defined the different 
levels of the grades in a more general sense i.e. without absolute limits in numbers or 
otherwise for each level. 

The reasoning behind each grade is included as a comment for each cell in the table, 
and shown in a list in appendix E. Since many reasons are similar or even the same, 
the whole or parts of the reasons have been copied between grades where applicable.  

There are no negative grades in the properties to requirements mapping. I could find 
no negative impact from any of the properties listed and the requirements themselves 
are by their definitions inherently positive, i.e. only things that are wanted or needed 
in some way.  

1!)!'  �������������
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At first the idea was to map Problems to Solutions, where problems are what the 
company needs and solutions are the technologies. This idea came from the 
problem/solution duality, so problems would be technological solutions. However, 
this wording led to a way of thinking that was too negative and I didn’t want a 
negative word like Problem associated with results that came from the users. 
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Therefore I changed my way of thinking and ended up using the simpler 
Requirements and Technologies words.  

Several other changes were made in various iterations while listing the items in the 
three different categories:  

�  The need for total data availability was identified as a possible requirement but 
not included. This was because it was a process-related matter it was not in my 
thesis’ field, as defined in this thesis’ conditions. Also, it is already being 
worked on in a parallel line of work that concerns the software of today.   

�  Collaboration was identified as a possible requirement since it is found in 
some VR and AR research, for example (Fjeld, 2003) and (Burdea, 1999). 
Questions were asked in the interview to examine this and it turned out the 
REMs don’t work that way, they do the repair method work mostly on their 
own then show the results to others. At most they might ask the opinion of a 
colleague for some certain step in their work. Thus I included Communicate 
Results but not direct collaboration in the virtual environment.  

�  By definition, regular monitors and mouse/keyboard should not be in the list 
since they don’t add immersion and realism beyond regular computer use. I 
have included them anyway as reference points for the company since they use 
CAD systems with this hardware today and there are software products for 
regular computers on the market that call themselves VR, which the company 
will likely encounter.  

�  See-through display glasses were removed from the mapping. They were 
originally included to make it possible to evaluate certain AR solutions. I later 
concluded that AR as it is today would likely not be a good solution so these 
glasses were removed.  

�  Stereoscopic glasses were originally also in the mapping but later removed. 
The reason for this was that they were not really relevant to have on their own. 
The glasses by themselves can’t really do anything but only have any effect on 
the work when used in conjunction with other technologies. Thus I removed 
them and instead included them in the definitions of those two technologies, 
since all such systems I have seen include them in one way or another.   

 

Here follows the final list of all three categories:  
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�������� � The REMs’ expertise in their field should be carried 
over to the new VR system. Lose that and the users 
won’t be able to do their job, and the company will get a 
lowered productivity. Informal discussions have shown 
that the company are aware of this and agree. 

0������
�����
�����
 � The users’ acceptance of the technology should be high, 
or it will be harder to make it viable for use in the 
company. 
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���
���������� � Learnability is defined as the ease with which new users 
can begin effective interaction and achieve maximal 
performance. In other words, the system should be easy 
to learn. 

&
��
�����
��������
 � The hardware must be comfortable enough to work with 
for extended periods and should not risk causing strain 
or damage to the user. 

&
����
��
�����
�� � The method engineers have to think about their end 
users; the mechanics out in the workshops. Interview 
data showed that this is already an important issue for 
them.  

/����
��
�
��� � Examining how components are fitted in place requires 
careful positioning and evaluation of the working 
position and freedom of movement. It is also important 
to be able to see what other components lie in the way 
when finding a path to add or remove a component. 

&
��������
��
����� � The results of the repair method work should be easy to 
communicate to others. 

(��
�-��������(��
� � Standard Times are a measure of how long a certain part 
of the work takes to do. These times are added together 
and a total time for the repair method works as an 
estimate of how long the job should take to do. ST times 
must be taken for all methods. 

0����
���
������

�� � Regular mechanic tools are not always enough, some of 
the work requires special customized tools. 

;���
��
�������
����
� � The working-position when doing a method must be 
evaluated. The ability to reach a component and forces 
you can apply to equipment in different positions are 
important. 

�
�
���
����
������ � The flexibility of components affects how the repair 
methods work.  

Table 2: Requirements definitions. 
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Most of these have already been introduced in chapter 5 above, listed here are the 
definitions used for them in the mapping. 

0��������� � Controls with a handle that is often pen-shaped, which 
is mounted on an arm with motorized joints.  
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�
� � Motorized parts that are mounted on to parts of your 
body, and can then apply external forces. 

�
��
������
��
��� � Regular computer mouse and keyboard, as used today.  

%.��
��
 � Any of several kinds of specialized mice that are used to 
give three dimensional controls to a computer system.  

�	���
�
 � A motion tracked glove. Comes in two versions, either 
the full flexing and bending of the hand and its fingers is 
detected or just the contact between two fingers.  

6��� � Motion tracked sticks with a set of controls. Similar to 
remote controls.  

$
�
����� � Large screens with high resolution images projected on 
them. Seen here in the aspect of a visualization system. 
Images are seen through stereoscopic glasses. The 
glasses are included since they are what give the extra 
depth and I have not seen any Powerwall system that 
does not use them in one way or another. 

&��� � Images are projected on 3 to 6 walls and seen through 
stereoscopic glasses. Seen here in the aspect of a 
visualization system. The glasses are included since 
they are what gives the extra depth and I have not seen 
any CAVE system that does not use them in one way or 
another. 

�	��
��
� � Helmets with small displays in front of each eye and the 
rest of their field of view usually covered. 

���
��
�
��
�����
���
� � A monitor that provides a stereoscopic effect without 
requiring any external equipment such as glasses.  

	
�������
���
� � Regular computer monitors, as used today. 

-�
��
�������
�
����
�
� �

Either regular stereo equipment or surround sound 
systems with several channels to provide 3D sound.  

Table 3: Technologies definitions. 
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� � The immersion the user gets in the system. An 
estimation of how present their sensory input makes 
them feel in the virtual environment. Contains hardware 
issues that affect immersion. 
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����� � How realistic the system and its parts make the virtual 
world appear to be to the user. 

�������
 � The user's attitude towards the technological tools he 
uses. 

���
�
���� � "Design factors […] intended to maximize productivity 
by minimizing operator fatigue and discomfort." –
American Heritage Dictionary.  The ergonomics of the 
VR hardware itself, in the context of this work. 

����
��

����� � Feedback with sound, as part of a multisensory feedback 
system. In Technology the mapping shows how well 
this technology supports such feedback. 

-
��
��
���� � The ability to sense weight, as provided by the VR 
hardware. 

-
��
��
��� � The ability to sense touch, as provided by the VR 
hardware. 

���
�����
���
���
 � The freedom of movement offered by controlling 
hardware, including Degrees Of Freedom and 
workspace volume. 

�
��
���������� � The ability to directly track the user's movement and/or 
rotation of the control or of parts of his body. This can 
be done by use of several different types of external 
tracking technologies. The grade for Technology shows 
how well that tracking is supported. 

��
���������
 � The scale is the proportion between the size of the 
virtual object on the display and the size of the real 
object. A realistic scale would be 1:1. 

.
������
���� � The effect of perceiving the depth of virtual things. 

/�
���
����
� � The portion of the user's view angle that can be covered 
by the display, relative to the user's eyes  

Table 4: Properties definitions. 
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No formalized results were created since there were only informal discussions and 
observations to rely on in the end. Instead things learned by informal observation are 
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mentioned where appropriate in this report and in the reasoning behind the grades for 
the mapping.  

<!#  ���
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The full list of categorized data can be found in appendix B. Note that it is in Swedish 
since that is the language the interviews were carried out in and that list contains 
many quotes. Also note that person 1 appears with fewer points of interest than most 
others since the recording software did not fully work during that initial pilot 
interview, thus points of interest were based solely on handwritten notes which were 
fewer in number. Note also that Standard Times are often called Volvo Standard 
Times or VST since that was the official term at the time the interviews were 
conducted, it was changed later.  

These were the areas the REMs talked about in this semi-structured interview, based 
on the three main categories I intended to search for (titles directly translated from 
Swedish): 

·  Repair method work 

o Touch and weight 

o Communication and cooperation 

�  Illustrations, creation and purpose 

o Work process 

�  Organization 

�  Concrete work tasks 

�  Reuse 

�  Facts on groups and areas 

o Standard times 

o Thoughts of end users 

o Special tools 

o Personal traits 

·  Present computer use 

o Data access 

o Computer experience 

o Existing programs 

·  Future computer use 

o Touch and weight 

o Features 

o VR technology 

o Evolution of the work 

o Evolution of this VR project 
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As mentioned above this categorization was based on the original intentions of the 
interviews, thus forming the top level of the data. The lower levels were created both 
from areas touched upon in the interview guide, such as “Communication and 
cooperation” and “Features”, and from areas discovered to be common among them 
when analyzing the data, such as “Thoughts of end users” and “Evolution of this VR 
project”.  

As the structure above shows, the main part of the data contained information about 
the repair method work. This matched the main original intention of learning more 
about how repair method work is carried out. The interviews also gave much info 
about both the circumstances surrounding the work, in categories such as 
“Organization”, and about the REMs themselves. Most of what was learned about the 
persons themselves was on a more personal interaction level however, common social 
interaction where body language, phrasing and similar things gave me a glimpse of 
what the person sitting in front of me at the time was like and by extension how that 
related to their work.  

A very important thing was discovered by this data: the REMs have a clear focus on 
the end users and think about them and their working conditions a lot when creating 
their methods. 13 points of interest were noted from 5 different persons. This was not 
anticipated but a pleasant surprise. Some even displayed knowledge of how it works 
in different parts of the world and the differing conditions and cultures they work in 
there. Not only is this shown in more formalized areas such as safety aspects but also 
in their general mindset and knowledge of how their products are used. For example, 
person 2 talked of how his methods would work in workshops around the world, and 
person 7 talked of similar things and also related his work to his own experience as a 
mechanic.  

Special tools were indicated to be a very important part of the work. Several 
mentioned that they much work time can go to looking for the right special tool for a 
job. If such a tool does not exist, they have to create a new one. This means it’s 
important that the VR system ends up supporting special tool use in some form. A 
problem for that identified here and confirmed with informal discussion was that it’s 
sometimes hard for the company to acquire the CAD data of tools they buy. The 
suppliers apparently feel that it’s a bad move for reasons of their own, most likely for 
competitive reasons where they do not wish to hand out the blueprints for their 
product. A simplified CAD model could be made and delivered with the tool but that 
takes extra work suppliers apparently weren’t keen on doing, according to one person 
I spoke informally to at the company.  

The section of the interview where images of VR environments were shown and then 
questions asked about the REMs opinion of them showed that their knowledge of the 
technology was not as established as I had originally thought. The images did not help 
enough to give them good views of what VR was all about and how it could work. 
Thus the data from this section of the interview mostly contain answers related to the 
work process (“Evolution of the repair method work” and “Evolution of this VR 
project”). Several of them indicated that they have a hard time imagining what 
working with this kind of equipment would be like. There was also a section called 
VR Technology which did contain points of interest related to VR, but those points 
are mostly speculative. 
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These results were used both as a basis for grades in the mapping (where possible) 
and for a more general improvement of the knowledge of how repair methods work. 
The summarized results of the question data is presented here in the order the 
questions appear in the questionnaire (see appendix C).  

These are not to be seen as absolute exact numbers, both because not all REMs have 
replied and because the scales for answers were set to few options while still covering 
large areas. Therefore accuracy is reduced and these results are best treated as strong 
indications rather than absolute truths.  

Question Result 

1 Respondents were from 4 different locations, with the largest part (39%) 
being from Lyon, France. 

2 Respondents all worked on very different parts of the truck, indicating 
that the other survey results are applicable for many different types of 
repair method work.  

3 The respondents have many years experience of working in workshops. 
40% of them have more than 10 years experience of working in such an 
establishment.  

4 An average of 69% and median of 75% show that the respondents have 
used the kind of methods they create quite a bit, since 75% represents the 
answer “Often”. Those who have worked in workshops before have much 
experience of using the kind of methods they create. 14 

5 37% of methods require feeling their way around, on average. Only 
around a quarter of them need to feel their way around in more than half 
the methods they create, the biggest part of the respondents (35%) need to 
do so only for 20% of the methods created.  

6 43% of the methods require sensing weight to judge working position. 
62% of respondents need to feel the weight of a component for less than 
half the methods they do, with a majority (39%) saying only 20% of the 
methods.  

7 50% is the average for the impact of how large a part of the method the 
weight judgment affects, with a median of 40%.  

8 39% of the methods require that the respondents be able to judge 
flexibility of components. 27% of them answered 0% and only 4% 
answered 100% however.  

                                                
14 For these questions the 5 answers have been equated to 0%, 25%, 50%, 75% and 100% respectively 
in order to calculate average. This means the answers are not numerically exact but the average % still 
shows strong indications of direction. 
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9 54% of the time where flexibility has to be judged, it has a noticeable 
impact on the method. Note that those respondents who had replied 0% 
on the previous question were excluded from this average since that reply 
meant this question was not answerable (it had no Not Applicable 
alternative).  

10 44% of the methods created require the use of special tools according to 
respondents. None of them have replied 0%, so all respondents use 
special tools at some point, just not in a majority of the methods they 
create.  

11 24% of methods the respondents work on require the creation of a new 
tool. 70% of them answered 20%.  

12 3.9 is the average amount of tools the respondents used in each method 
that uses one or more, with a median of 3.  

13 An average of 82% shows that the respondents are very positive towards 
using computers in their work. 14 

14 An average of 54% and median of 50% indicates that the respondents do 
not have noticeably positive or negative experiences of previously 
introduced new computer systems, when calculated as a group. Individual 
experiences may vary a lot but the majority of answers (39% of them) 
were “Easy”. 14 

15 An average of 76% approximates closely to the answer “mostly skilled”, 
which means the respondents think of themselves as rather good at using 
computers. 14 

16 An average of 61% indicates that the respondents consider themselves 
able to judge working position rather well just by looking at a part. 14 

17 38% of the respondents’ work is done in a workshop or similar 
environment, the rest in offices.  

18 51% of the respondents’ work is done on the vehicles, the rest on 
workbenches or similar.  

Table 5: Questionnaire results. 

A noteworthy result is that special tools were indicated by several interview subjects 
to be a large part of the work, yet question 10 shows that only 44% of the methods 
created require special tools. They all use them now and then (no one replied 0%) but 
this indicates that it’s only in slightly fewer than half the methods they create. This 
indicates that more than half the methods could be done without the VR system 
supporting use of special tools. This is an average for all 4 locations represented in the 
survey however, so results will likely vary within the individual locations.  

Question 16 shows that experience counts for a lot when judging working position 
and indicates that visual feedback alone could help REMs do a lot of that work. 
Coupled with the experience shown in question 3 and 4 this indicates that much work 
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can be judged by experience alone. If they get a realistic enough representation of the 
components and the interactions to work with them, one that mimics the real 
components they have experience from, then maybe visual feedback can allow them 
to do many of the judgments they need to create methods.  

Questions 13, 14 and 15 indicate respondents like using computers for their work, 
have few bad experiences of learning new systems and consider themselves mostly 
skilled with them. Even though they have likely thought of everything from actual 
method-related work to emails and surfing the web when answering, this indicates a 
likelihood that new computer technology could be accepted by this group of users as 
well. This should ease the introduction of a VR system.  

Question 18 shows that both work on complete vehicles and separate workbenches 
should be supported by the system, since respondents in general seem to work as 
much on both. Individual users likely work mostly in one area or the other but taken 
as a whole group, 51% means both types of work are almost as common.  
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The full results with all table data can be found in Appendix E. 

 
Figure 13: Image of the final mapping table, taken as a screenshot from Excel 

Figure 13 shows an image of the final table taken from Excel. The full table is not 
quite properly formatted to fit on a page here so a screenshot was generated. Totals 
show the total score of all cells added together. Average is simply the average score. 
Grade count shows how many grades are entered that are not an x, which can be a 
noteworthy factor since a requirement/technology/property could have a high average 
but only have scores in a few cells.  
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Comments on the results: 

�  It is visible that Good learnability, Take standard times and Move flexible 
parts have the lowest grade count. This is because after further consideration 
they appeared to be mostly related to software issues. Some hardware does 
have effects on them but for the most part they relate to software, and there 
Good learnability especially is very important. Software was not part of the 
evaluation however, so few grades were generated.  

�  Motion tracking and Field of view also have low grade counts since I simply 
couldn’t find many facts about the effects of either one of them, and could not 
figure out logical reasons for grades based on user data.  

�  The haptic related fields of Sense Weight and Sense Touch are only supplied 
directly by two technology types, despite touch being of some importance for 
several requirements. 

�  A general indication of the importance of realism can be seen in the full table. 
It has importance for many things, it helps transfer of skills and increase user 
acceptance among others. Also, many of the arguments used in other 
properties relate to realism in some way.  

�  There are two main areas of x grades in the lower right portion of the full 
table. These are caused by the types of properties being incompatible with the 
technologies. Properties related purely to input can’t be mapped to output 
technologies, and vice versa.  

 

 
Figure 14: Summarized version of the mapping table 

This is a prioritized table with the most important requirements and properties and 
how well the best technologies support them, based on the total and average numbers 
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in the mapping. The 5 highest scoring properties, requirements, and 6 highest scoring 
technologies are shown (3 input, 3 output).  
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A special presentation was made at the company. This was a one hour long 
presentation that took place in a department meeting with an estimated attendance of 
around 30 people. This presentation was aimed at introducing the technologies that 
have been examined in this thesis and summarizing the conclusions. It was a very 
good way of relating the results back to the REMs I had been in contact with during 
this whole work. They are the users of this future VR system and had given much 
input through my work methods. Therefore a loop back of that information to them to 
show them something of what had become of it was planned from the start and carried 
out in May, 2007, near the project’s end. The presentation was very well received 
according to what I heard afterwards.  

A separate summarized report is also created and delivered to the company. This has 
the goal of showing the main technologies and results in just a few pages, so those 
continuing work on VR within the company should not be forced to read through this 
whole report every time they needed something from it. This was planned from the 
beginning, and is well in line with the theories of procurement competence since that 
is all about generating results that raise the level of user awareness in the company. 
To do that most effectively I consider it important to not only do user-focused work, 
but also do a user-based adaptation of the results. They had requested such a report 
and indicated they did not look forward to reading through a long report every time 
they needed info from it, so such a summarized report is also delivered.  

The mapping table is in itself also useable as a source of data and base for further 
work. It has a button with a macro that generates a dynamically sortable list for a 
different way of displaying the data. It has been designed to give information at 
quicker overview, but also more depth in definitions and grade reasons by simple 
mouseovers of the relevant table cells.   

Finally, it is hoped that this report in itself will be useful to the company. It has been 
written with the aim of not only showing my work, but also introducing and 
describing the technologies and research done in this field to those who might need to 
work with them in the future.  

> �
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The interviews could have been more structured. A loosely structured style was 
intended but if some more structured parts with the exact same questions to everyone 
had been inserted here and there some initial statistical data could perhaps have been 
gathered earlier.  

The length and conversational nature of the interviews turned out to be an advantage 
in one way I consider important: I got a very relaxed and friendly attitude from all 
REMs I talked with. Most of them started out a bit hesitant but loosened up once they 
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got to talking about their work. The fact that the interviews were carried out in areas 
familiar to them, their home ground so to speak, likely also helped them relax.  

To illustrate what working with VR equipment is like it would in hindsight perhaps 
have worked better to show videos of the technology in use rather than just images. It 
is possible that would have made it easier for the REMs to imagine themselves doing 
their own work in that kind of equipment.  
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I could have been more persistent in advocating my need for observational data. There 
simply was no real repair method work to observe so there was little to do however. 
One of the REMs did mention that they might be able to set up a faked repair method 
just to show me how it’s done. This never happened though, partly because it was felt 
that this would take up too much work otherwise spent on current projects. Also I did 
not pursue this suggestion further since I regarded a constructed work situation like 
this as something that would give me a skewed perspective on the repair method 
work; a faked repair method would give me slightly faked results to put it simply. I 
therefore chose to instead wait for some real repair method work to appear.  

In hindsight I could perhaps have been more adamant in pursuing this possibility, 
since no opportunity to observe real work ever arose. Having some formalized and 
structured observational data on repair method work would have been better than 
having none.  

I did get to see some work though, in the shape of the informal studies. One of these 
was also more detailed where the REM showed me how the repair method would 
work on the part itself down in the shop. He did not have the possibility of doing the 
repair method for real at that time, but that walkthrough helped me a lot.  
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This could have used an extra round of polishing since in hindsight a few of the 
questions are not as specific as I wanted. Specifically questions 6 and 16 which were 
related to the working position but could have given data on more areas if aimed at all 
their work instead of just at judgment of working position.  

There were questions in this that did not end up having any specific use. This was 
something I suspected could happen since the plan was to add as many relevant 
questions as I could think of while still not making the questionnaire exceedingly 
long. Thus questions were added that did not have an exact planned use but were 
based on what I had learned and still seemed like they could give relevant indications 
about repair method work.  
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This could be a more probing, in-depth study. However, I chose to make a 
comparison with breadth rather than depth because the company will likely encounter 
many different technologies and properties while proceeding with the VR work. Thus 
I reasoned they would get more benefit from an introduction and overview of as many 
things as I had time and ability to find, even though I had to sacrifice some depth in 
doing so.  
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Many of the grades that have been set are based on logical reasoning and not directly 
related to hard scientific facts. This was due to the lack of availability of VR hardware 
to run user tests on and also the lack of scientific data that truly evaluates and/or 
compares the properties or technologies in my list. This is a known limitation of this 
data.  
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�  Skill Transfer and Realism is critical for the success of VR for repair methods 

�  VR Gloves create realism by natural interaction, haptic arms mostly by haptic 
feedback 

�  Usability and user-centered development can be demanded from suppliers, 
especially for the software 

�  A user-centered attitude is already established 

�  Haptics are not required, but very good for increasing realism 

�  Software saves time and money by automating many tasks 

�  Augmented Reality is not a likely solution 
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One of the two most important requirements in the mapping is the Skill Transfer. 
High User Acceptance has a slightly higher average score but if you flip the reasoning 
around and consider them as risks instead of requirements, then I believe the loss of 
Skill Transfer is a much higher risk than the loss of user acceptance. If the users do 
not accept the technology but have full skill transfer they will be less effective but can 
still use their full set of skills to do all their forms of work. If instead they accept the 
technology but do not have the possibility of using their full skills then their 
performance is inherently limited by the technology, which impacts their efficiency to 
a much larger degree. When this kind of reasoning is applied it seems Skill Transfer is 
the most important requirement after all. 

The highest scoring property was Realism and also much of the reasoning behind 
many other grades turned out to be related to realism. Much in the way of realism can 
be achieved through software by realistic rendering etc. What the mapping shows is 
that realism affects many of the requirements a lot and much can be done to fulfill 
those requirements by hardware.  
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The biggest benefits of VR Gloves seem to be the natural interaction achieved 
through a large interaction volume, motion tracking and a good contribution to the 
illusion of presence. This is what the mapping indicates, though admittedly the 
numbers are not scientifically proven.  
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Haptic feedback has proven to be a help in work similar to the company’s, according 
to the literature study. This is partly because it increases the realism of the interaction. 
Haptic arms seem to be the most likely source of such feedback and my judgment in 
the mapping is that they are excellent at providing it but limited in areas where other 
controllers are better.  

Both controls are therefore likely candidates for a VR system at the company since 
they both contribute to realism, which contributes to skill transfer. VR gloves have a 
higher total score in grades but haptic arms are close. I have not found conclusive data 
to indicate that one is better than the other by significant amounts, only indications 
that VR gloves could be slightly better due to the naturalness of their interaction.  
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User-centered development is good because it adapts the tools to the users, making 
them more efficient. Far from all companies have this type of development process 
today however, and in order to drive it forward the business to business developments 
of projects could be in more focus. Educating procurers on the advantages of usability 
should have a positive effect since then they can know that they can demand that too 
from their suppliers.  

The company has the upper hand in this position, it’s too easy to feel that you are at 
‘the mercy of’ the suppliers and just accept whatever they sell you, especially when 
the technology is unknown and uncommon as it is in the case of VR. The suppliers 
are then experts in their field to a seemingly higher degree, since there is less 
competition and there is a smaller chance that the procurer has employees who are 
already knowledgeable about the technology. That makes it extra important for the 
procurer not to lose sight of the fact that they are the experts on what the technology 
will be used for and that is what matters the most.  

Usability is very important in software. The software of today’s computer market is 
littered with products that simply haven’t been created with the users in mind. One 
way of countering that is to increase the awareness of these issues in the consumers 
and recommend them to demand usability from those who sell them. This is in my 
opinion just as true regardless of whether the procurer is a private person or a big 
company, and the product a mass market consumer item or a specialized tailor-made 
business tool.  
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Interviews and informal talks have shown that the REMs already have a very user-
centered attitude. They constantly think about how it will be to use the methods they 
create out in the workshops and what will be good or bad for the mechanics that use 
them. They have also demonstrated knowledge of how the use of their methods and 
conditions for working with them are at locations around the world. That knowledge 
also seems to be fuelled by a genuine interest to make their products as good as 
possible for their users.  

This means that embracing the concepts of user-centered design and usability should 
be easy since they are already in that frame of mind.  
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However, interviews showed that previous attempts to introduce software related to 
the REMs’ work had varying amounts of success. Two similar products had been tried 
and it seemed that one of them was seen as very complex and hard to use and was 
therefore used very little today. It is important for the company to evaluate that 
experience and keep it in mind for future purchases, since interviews (see the chapter 
“Existerande program” in Appendix B: Categorized interview data) and further 
informal discussions indicate that it could have been usability issues that got in the 
way of using it in the work. It was simply not well enough adapted to its users and 
thus they rejected it. This is of course not the company’s own fault but rather a 
deficiency in the software product they bought.  
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From the start of this project the company has talked of VR and Haptics together, 
giving the impression that they see them as two different types of technologies that 
are almost equal in some sense. Informal talks have also given the impression that 
haptics will almost be a requirement to get this new system to work, in the minds of 
many of those who will drive this project forward. It is in relation to that that this 
conclusion says that haptics are not required.  

I have found out that haptics definitely are good for enhancing the reality of the 
system; several of the papers in my literature study claim this. However, while I 
believe haptics to be very good, I have not found anything that says these 
technologies are an absolute requirement for repair method work. Indeed I think many 
parts of this work can be done without using haptics, using for example a wand or a 
VR-glove without haptic add-ons. The mapping shows that the large interaction 
volume of those two controls is good for component fitting and skill transfer, two 
important areas. However, even though I can see no complete requirement for using 
haptics, I have read enough reports that attest to its usefulness in increasing reality 
that I think it can be an advantage to use it, if possible to do so.  

The CyberGlove manufactured by Immersion has an add-on called CyberTouch 
which provides a small level of tactile feedback by tiny vibrators in the glove. That is 
the control that is most likely to be good for the REMs’ work in my opinion. This 
would provide the benefits the mapping shows VR gloves to have and also at least a 
small level of haptic feedback to increase realism15.  

In my opinion a truly useful haptic feedback device for repair method work should 
have as much natural interaction as possible, since the REMs need to transfer their 
skills to the new system and imitating their natural work should make that easier. The 
only type I have seen that comes close is the exoskeletons but they are still very big 
and clumsy. Thus I think a lightweight, comfortable exoskeleton would be a good 
way of combining natural interaction with haptic feedback, but there does not seem to 
be such a product on the market today.  

In other words, the ideal system would indeed have haptics with both small and large 
forces, but the technologies available today –the ones I have evaluated- have 
downsides in other important areas where non-haptic equipment is good. Therefore I 

                                                
15 Note that in the mapping this add-on was not included when setting the grades since the grades were 
meant to be for the “pure” form of each technology type only. 
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mean it shouldn’t be considered as a requirement for repair method work, but rather 
as an added benefit if possible.  
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Many of the tasks that require finer accuracy of input and haptic feedback can be 
automated by software. For example, tightening or loosening bolts could be as simple 
as moving the virtual tool next to the bolt or the bolt hole and pressing a button on the 
control, whereupon the software will insert or remove that bolt by itself. Standard 
times exist for many tasks and it is my understanding through informal discussions 
that in the future there will be defined STs for many smaller parts like nuts and bolts 
as well. Given an ST, sizes etc. the software can calculate many such smaller tasks. 
The VR hardware then only has to provide the REM with good enough degrees of 
precision to judge the placing of the parts and also the accessibility of the tools. 
Interviews also indicated that the finding and testing of tools are time consuming 
tasks, and that is something that could be made easier by letting the software calculate 
which tools that could work for which task.  

The literature study showed examples of software automation, even some projects 
where they had gone further than the company intends to do. The SMG project 
outlined in chapter 4.3 is the clearest example of that. I do not believe the company 
should aim for those levels of automation since that would likely exclude the REMs 
from much of the work they do and make it harder for them to take pride and joy in 
their work. However, these projects can serve as examples of what the software can 
do and smaller parts of these ideas could aid the REMs in their work without 
removing the application of their skills in it, merely removing the smaller tedious 
tasks to make more time for other more engaging areas.  
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The goal is to remove physical objects completely and move over to virtual. AR 
mixes physical with virtual and is therefore by definition less relevant to the project’s 
goal.  

Generic physical objects could be used to simulate tools, sometimes called Props (for 
example in (Ortega, 2005)). The advantage of this would be to give the user a tactile 
sensation while controlling input, while still keeping the equipment cheaper and 
simpler than controllers with full haptics. However, a major problem with this for 
repair method work is that there are so many different special tools and they all have 
very different shapes, weights and sizes. The props would have to be equally varied in 
shape and size to match the tool currently being used, otherwise they could give the 
wrong feedback to the user and thereby affect the repair method negatively.  

If your hand tells you that your tool is small but your eyes tell you it’s bigger, there 
would be a confusion of sensory signals that would make it harder to work and might 
even make the REM trust the wrong signal. Poling et. al. (2003) show in their 
literature study that sensory feedback data from multiple senses can give extremely 
varied results, so to use AR this would have to be very well  researched and tested 
indeed if it is to work.  
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The biggest benefit of haptics here would be making the system realistic and thereby 
making it easier to transfer the skills the REMs have. The concrete benefits consist 
mostly of giving clearer indications of collisions and of the weight of components. 
Collision indication is helpful in assembly/disassembly and weight when judging 
safety issues. 

The weight of components is necessary when considering safety aspects but the only 
available equipment that can simulate that to any satisfying degree is an exoskeleton 
and they have deficiencies in many other ways and also hard to get. Therefore I 
consider weight simulation to be a minor point that would be nice to have but is not 
realistic to demand in today’s technology. Much of the work that is affected by weight 
judgements could still be possible to do by having the software indicate the weight, 
perhaps by using color scales or simply by printing the weight in kilos on top of the 
component you are currently working with.  

The company will continue to hire experienced mechanics. This has two main effects. 
Firstly it means that the factors that concern the transfer of the REMs skills to the VR 
hardware will remain important in the future as well. Secondly it means that to a small 
degree the demand for reality offered by the hardware is lessened. This is because 
much of the regular work on the methods will continue to be done by people who 
have many years experience of working on the trucks in real life. Given that 
experience, I do not think that every small part of the work needs to be simulated, 
since they already know by heart how many of the tools feel, how many of the parts 
handle, how many of the parts fit together etc. Most importantly the survey and 
discussions show that their expertise means they know how much space is required 
both to be able to remove certain parts and to move a tool, which means that there is 
less demand for -for example- external forces that simulate contact with the 
environment, such as those given by an exoskeleton.  
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It could be used in the workshops for the end users in a future development. AR 
would be used to show the methods directly on the components. Repair method 
creation could then also contain working with AR to verify methods created with VR 
on the final physical trucks. This would require a huge amount of infrastructure 
however, since the company has repair shops all over the world and as many as 
possible would need to be upgraded with expensive technology. Transferring data to 
the shops would also likely be harder since the data size would be larger than today’s 
methods. My guess is that there would have to be either substantial benefits or a 
dramatic decrease in price for the technology for this to be a viable choice. Thus I do 
not consider it an aspect of the use of VR technology for today and will not evaluate it 
further, though it is worth mentioning since I estimate it could conceivably happen in 
the next 10-20 years.  
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There are too many examples of software that isn’t useful. It would be so easy to 
improve all computer technology that exists if there was just a clearer focus on the 
users when it is developed. For this company this will be especially important since 
their users are not computer experts and will not be expected to be so in the future 
either. This software must have high usability or the users will be unable to do their 
work fully, which of course means the company loses money. 
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Data access must work or there is no point in continuing work on the project until it 
does. If the data for the VR system is not fully available and there is not a working 
system for retrieving it when needed then it will simply not be possible to do useful 
work with the VR system. If only parts of the trucks can be loaded for example, then 
most of the component fitting would be hard to do since you will likely need to move 
a component past parts that don’t exist and thus are not shown. If data is missing then 
only small portions of the work could be done and I doubt the VR system would be 
worth the investment in that case.  
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An in depth study of the comparisons I have made in the mapping could be of value. 
Hard facts on the most important issues approached there will help deepen the 
knowledge of what works and what doesn’t work for repair methods. Keeping with 
the idea of looking at everything available, getting more concrete data for as many 
types of different hardware as possible will help make the judgment of what kind of 
system the company should finally buy.  

The company does not have to buy the hardware to test it however. It could likely rent 
time in existing installations at other companies and perhaps also try some for free 
from suppliers that are eager to display their wares. Important for this is to try to 
create user tests involving REMs so as not to lose focus on the baseline: the future 
users. Data has been prepared for this type of test already, so as long as time is 
secured in VR installations tests should not be too difficult to carry out.  
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Snabbt presentera mig själv (korta ner där det behövs) 

Läser MDI – innebär att fokusera på dem som ska använda systemet snarare 
än tekniken 

Presentation av exjobbet 

 Utvärdera anpassningen av tekniken till deras jobb 

 Min åsikt: Första stegen på en gradvis utveckling 

 

Vad har de för arbetsuppgifter? 

Först allmänt, saker de gör och platser de är på, sedan specifikt om metoderna 

Hur använder de existerande metoder? Hur stor del av arbetet kräver skapande av nya 
metoder? 

Hur mycket av arbetet läggs på specialverktygen? 

Vad är de största problemen med hanteringen av verktygen? 

Hur mycket kontroll över hur arbetet ska ske ute i verkstäderna behöver man bygga in 
i metoden? 

Hur fungerar kommunikationen med medarbetare med närliggande uppgifter, t.ex. 
illustratör och skribent? 

 

Vad använder de för datorteknik idag? Hur? (inte för mycket detaljer om nuvarande 
system) 

Vad ser de som ”ny” teknik i arbetet? När jag säger det vad tänker de då? 

Hur kan de påverkas av ny teknik i arbetet och till vardags? 

Vad tycker de om förändringar i arbetet? 

 

Vad vill de se för funktioner?  

Vad behöver de, vad måste absolut fungera? (i ett system som efterliknar 
fysiska verktyg) 

Vad får absolut inte hända, vad är viktigast att undvika? 

Vad skulle vara roligt eller häftigt att ha? Hur skulle det vara roligt att använda 
VR teknik? 

 

Introduktion till VR 

Kort definition, bilder 

Har personen sett något exempel på VR? 
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Är det någon del av deras område som skulle tjäna på VR (som de förstått tekniken)? 

Hur tror de att deras resultat skulle påverkas av att gå över till att jobba med VR 
snarare än fysiska verktyg? Hur skulle de själva påverkas? 

Ta exemplet handske och hjälm, vad tror du om det? 

Vad tror du om att stå framför en powerwall och jobba? 

 

Sammanfattande:  

Vad tror du om projektet som helhet, vad krävs det för satsning på det här? 

Tacka för tiden 
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1: Kräver precision, finare arbeten är svåra att göra om man inte kan känna tyngden 
och ”vicka” de där sista millimetrarna 

1: Just vikt är något som beaktas noga eftersom det leder till risker. Ligger man under 
bilen och tar loss en komponent som väger 10 kilo så är det farligt om man inte säkrat 
den. Om det då är svårt att känna den vikten när metoden skapas så kan det öka 
skaderisken då metoden hamnar lite för långt från verkligheten. 

5: ”det är inte millimeterpassning”, inte så många saker som kräver den precisionen. 
Finns saker som kräver hundradels millimeter precision men de räknas fram via 
formler. 

7: Tar exempel på att det kan finnas delar där man måste känna sig fram, t.ex. bakom 
instrumentbrädan 

7: Pratar om att känseln är viktig 

D
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1: Personen föredrar att jobba med illustratören och bl.a. vara med på Bilder-möten 
där bilder väljs ut. Det verkar dock inte vara något krav på det utan det verkar vara 
något som de flesta metodare gör som de vill med. 

2: Kommunikation med skribent och illustratör är olika från jobb till jobb 

2: Hade en genomgång med dem innan VST sattes men när metoden var färdig 

3: Kommunikation – pratar om sammanslagningen till informatörer. ”helt plötsligt 
förstår de varför de gör en bild, förut gjorde de bara en bild” 

3: Vill ha med informatörerna hela tiden egentligen. ”vi ska vara ett team”. ”hojta till 
när man inte förstår” 

4: Tar fram underlag för illustratören. Det görs så lite text som möjligt, ”vi skriver 
ingenting”, för att hålla ner kostnaderna men också för att ”en bild säger mer än tusen 
ord”. Det kan finnas lite siffror men oftast inte mer. 

4: Arbetar tätt ihop med illustratör, jobbar på samma sak 

4: Illustratör kan ta foton för att få underlag som han sedan kan förbättra 

4: Har ingen skribent. Illustratör kan kanske använda skribent ”utan att jag vet om 
det” 

5: Han själv är skribent, jobbar med en illustratör. Omorganisation gör dock att han 
inte kommer att få fortsätta med det utan bara jobba vidare med metod 

5: Har inga problem att jobba med illustratören 
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5: Jobbar ibland även med externa illustratörer, de får ibland komma dit så de kan 
stämma av hur allt fungerar 

5: Han tror det kommer bli problem med att man gör en metod och sedan lämnar över 
det till en informatör 

5: Ledningen har tyckt att det fanns problem i överlämnandet till illustratörerna men 
han tycker inte att någon av de andra känt av det 

5: Säger att detta nya sätt att jobba provats hos Scania och att det inte fungerat där 

5: Pratar mer om organisation, att översättning läggs över på informatörerna. Han 
frågar sig om man verkligen sparar in något på att ”smeta ut” arbetet på flera 
personer.  

7: ”vi hade en dialog hela tiden” med informatören 

7: Informatören är inte med i verkstaden hela tiden utan gör sitt jobb vid sin plats 
sedan är det kommunikation som gäller 

7: Han skapar metoden och sedan skapar informatören bilder som han tar tillbaka till 
metodaren för koll, sedan skickas det ut på remiss 

7: Kan ibland fråga andra metodare vad de tror om en viss komponent och tar till sig 
av deras förslag 
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1: Man försöker ta fram bilder i så stor utsträckning som möjligt 

2: I ett exempel på en ny del var båda med och fotograferade 

2: Bilden kan visa att man behöver använda handen, får inte använda verktyg 

2: Bild som visar att något klickar för att det ska gå att kontrollera så att allt sitter rätt 

5: Han tar fotografier under tiden, vet av erfarenhet vilka vinklar osv som kommer 
funka bäst. Detta blir underlag för illustratör 

6: Han tar själv bilder under metodskapandet och ger den informationen till 
informatörerna. Tar ofta fler bilder än de behöver. Lämnar över informationen till 
informatören.   

7: Informatören tar bilder på det som verkar relevant 
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1: Design-review möten - Planering (inför kommande projekt, kravställning?) 

1: Arbeten kan vara förändringar och uppdateringar av existerande metoder, kan även 
vara nya metoder där man utgår ifrån gamla. Det är bra att återanvända existerande 
metoder så långt som möjligt 

1: Funktionsgrupperna jobbar på lite olika sätt 

1: Metoderna går till remissläsning innan de släpps 

1: Det är ca 10 metoder per projekt 

1: Idag får de ibland göra fejkade metoder, de består alltså av färdiga metoder som 
inte provats på fysiska modeller. VST tider uppskattas snarare än att provas noggrant. 



P a g e | 64 

 

2: Antal steg i en metod är gemensamt beslut 

2: Det finns tusentals varianter, mycket att hålla reda på 

2: Product Market Request kan skapas 

2: Idag tar de en bil och ”ber till gud” att det ska fungera på alla andra bilar 

2: Personen pratar om försäljning och vad de kan göra. De får in kommentarer från 
kunderna och kan lägga förslag men de är sist i kedjan. 

2: Metodarna kör en genomgång med metoderna med konstruktion 

3: Nya motorer blir det mycket jobb på 

3: Listan är prioriterad i nivåer, prioriteringar kan även vara baserade på vad som kan 
gå sönder först 

3: De börjar med att göra en arbetslista där de bestämmer vilka jobb de kommer göra 
metoder på, görs med skribenten 

4: Ny metod för nytt tillbehör  

4: ”Minsta metodsteg som man gör”, med tillbehör. Oftast 20-30 steg 

4: Måste ha färdig vagn, den förändras, förbättras hela tiden och det tillkommer små 
detaljer som kan vara viktiga för montering, ex svetsmuttrar som inte kommer till 
förrän senare i processen. Det ska vara en produktionsfärdig vagn. 

4: Kan hjälpa till på en del andra grupper 

4: Mekaniker som utför metoderna ska ha 5 års verkstadsvana, de riktar sig till dem. 

4: Metodarbetet går snabbt i tillbehörsgruppen 

5: Köper komponenter helt färdiga, bakaxlar. Får instruktioner från leverantör, värden 
såsom toleranser följer med.  

6: Pratar om att varje grupp jobbar på sitt eget sätt. Han får kanske lite mer jobb med 
sina extra bilder men då sparar man in arbete på projektet som de andra då inte 
behöver lägga.  

6: ”säg 60-40, eller 70-30” om tiden i kontor/möten jämfört med i verkstaden. Det blir 
en del möten med konstruktion 

6: Nämner att sakerna de jobbar på inte alltid är de färdiga sakerna, så de kan ändras. 
Kan leda till att de måste göra om jobb.  

7: Elkablage läggs in sent i konstruktion men tidigt i produktion 

7: Börjar med möte med konstruktion, påverkar t.ex. placering med serviceperspektiv 

7: Han jobbar mycket mot konstruktion, uppskattar 80 % 
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1: Vid ändringar som utgår från existerande metoder tar man med utskrifter av dem 
och lägger fram verktygen innan man kör igång. Man jobbar i små steg. 

1: Dummy: en mockup som var helt korrekt förutom att den inte hade någon vikt. Den 
riktiga väger mycket och var svår att sätta dit, de behövde skapa ett speciellt 
lyftverktyg för att minimera riskerna för skada. 
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1: Mycket start-stop under arbetet, det är många som ringer, många möten man ska gå 
på osv. 

2: Börjar med att kolla verktyg 

2: Kollar specifikationer från konstruktion/leverantör, beror på samarbetet med dem 

2: Metodaren gör prototyper och skickar fram och tillbaka till leverantör 

2: ”kollar upp hur det ser ut, vad ska man tänka på med verktyg”  

2: ”Placeringen, rätt bit på rätt plats är största problemet” 

5: Mekanikerna tar gärna ut instruktionerna i papper 

5: Pratar om att metodarna har möjlighet att själva lägga in bilder i metoderna men att 
det bara är han som gör det i dagsläget 

6: Tar bilder, skriver upp vad man t.ex. ska vara försiktig med 

6: Exempel på elektrisk värmare i motorblocket, ”då måste jag ta reda på var den är, 
kan jag byta den, hur mycket jag måste plocka loss för att komma dit”. Montera loss, 
rengörning, ordningsställ nya värmaren, sätt tillbaka den. Många små steg för att 
många av dem kan återanvändas senare i andra metoder.  

6: När ett moment är klart tar han tid på det. Om han kommer på en alternativ lösning 
senare kan han göra om tidigare steg för att prova.  

7: Ibland får han skruva isär delen flera gånger innan han kan göra metod på det 

7: Kablage är viktigt 

7: Metoden är detaljerad för el, kan vara en pin som ska flyttas i en kontakt t.ex. 

7: Jämför sitt arbete med tidigare metoder på närliggande komponenter 

7: Nämner att det kan gå att ta ut delar även om data säger att det är kollision, det kan 
t.ex. vara en mjuk plastvägg i vägen som går att böja undan 

7: Skriver ut metoderna på närliggande komponenter och tar med ner i verkstaden 

G�
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1: När de gör metoder som baseras på gamla så tar de en kopia av den gamla och 
bygger om den, originalet ändras aldrig. 

2: ”Carryback” lösning, förändra en befintlig konstruktion 

2: Börjar med att kolla dagens metod, använder den så mycket som möjligt för att 
spara tid och ändrar det som behövs 

3: Carryover, ”ett till ett”, lägger bara på den nya motorvarianten. Bestäms senare. 8-
12 månader innan. Kopierar gamla metoder 

3: Uppdaterar gamla metoder 

3: Nya 9 och 16 litare var det ganska mycket carryover på ”50% kanske” 

4: Äldre metod kan man kopiera och redigera 

5: Texter kanske kan återanvändas till ”60% sådär” 

5: Han uppskattar att ca 50% eller så av texten kan återanvändas 
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4: Tillbehör kan vara lampor, radio, navigationssystem 

4: Tillbehör kan vara nya digitala saker som ska programmeras med verktyget V-cads, 
det är både hårdvara och mjukvara ”sätta parametrar”  

4: Tillbehör kan vara påbyggnadskit 

4: Tillbehör ska kunna monteras dit efteråt på gamla vagnar, ex stänkskärmar 

4: Kanske 30-40tal tillbehör på nya vagnar 

4: Styrenheter, måste få dem färdiga från andra 

4: Det är ofta el som saknas, kontakter som finns på elschemat men som inte är 
ditsatta ännu. Man får lita på de som säger att det kommer finnas kontakter sedan. 

4: Tillbehör vill Volvo göra själva, de testas för säkerhet och ska ”godkännas av oss 
för att skruvas fast vagnen” 

6: Hade delarna inte slitits hade de inte behövt göra någon metod. Vissa saker går 
aldrig sönder, så de görs ingen metod på.  

7: Elmetoder har få texter och mest bilder 
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1: VST är viktigt för mekanikerna då de jobbar på ackord. De får betalt efter VST, hur 
lång tid jobbet bör ta. 

1: Arbetstider för metodarna uppskattas till ca 15 X VST tiden. 

2: Tiderna tas efter att allting är färdigt, när metoderna är klara med verktyg, 
toleranser och allt. Detta då för de nya delarna av metoden, gamla delar återanvänds 
med tider.  

2: VST är satta efter dem som gjort jobbet ett par gånger, de är inriktade på de erfarna 
mekanikerna 

2: VST är en verifiering på metoden 

4: Har inte så avancerade metoder som de andra utan ”tar bara tid i princip på att 
skruva dit ett tillbehör” 

4: Det finns VST tider på mjukvara också 

6: VST är både garantitider och tid för ackordarbete.  

7: De har tider på många delar redan 
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2: Personen tänker ofta på hur det kommer att fungera ute i verkstäderna runt om i 
världen 

2: Personen pratar om att det är viktigt att göra verktygen så att det inte går att 
använda fel ute i verkstäderna, att ”tvinga dem till att använda” rätt verktyg 
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2: Renhet och säkerhet, pratar om miljön och att Volvo har krav på verkstäderna för 
att kontrollera så att de har rätt miljö. Det förutsätt att rätt miljö finns, det skrivs inte 
in i metoderna utan där poängteras bara att t.ex. något skall göras in en ren miljö. 

2: ”spela lite på folks känslor” – tänker på mekanikerna och att göra metoderna så att 
allt kontrolleras på rätt sätt 

3: Tänker mycket på hur det ser ut i verkstäderna. Nämner att de har bra kunskap om 
europeiska verkstäder men vet väldigt lite om andra delar av världen såsom Asien.  

3: Ser det som att det både handlar om att tänka på garantin och att tänka på det de gör 
som support för kunder.  

5: Pratar om att man tänker mycket på säkerhet och skador. Måste minimera riskerna 
för att klämma sig osv.  

6: ”måste visa på en bild: så sitter det, till mekanikern så han inte gör sönder det första 
gången” 

6: Pratar om bilder som instruerar mekanikerna. Bilden visar att det t.ex. finns en 
skruv på ett gömt ställe, då kan mekanikern känna sig fram för han vet hur det ska se 
ut. ”det är i stort sett det vårat jobb går ut på, visa mekanikern sådana saker som han 
inte kan se”, de ger vägledning.  

6: ”ska göra det på det snabbaste säkraste sättet”, ”mekanikern får ju inte skada sig”, 
”får inte springa förbi säkerheten” 

6: Informationen måste stämma om verkstäderna ska ha förtroende för den. Håller 
med om att det är en del kontroll men säger att man inte kan glömma ”den mänskliga 
faktorn” 

7: ”vi ska kunna visa mekanikerna det lättaste sättet att skruva isär en sak och sätta 
ihop den och att det blir kvalitet och är riktigt” 

7: Tänker hela tiden på hur mekanikern ska använda metoderna, relaterat till sin 
erfarenhet som mekaniker, ”hur skulle jag gjort?” 
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2: Samma komponent kan vara på olika ställen, metoderna är snarlika och då är en 
risk att man blandar ihop verktygsnummer 

2: Mer om att kolla upp verktygen, om de inte passar tillverkar de nya prototyper 

2: De får Utfallsprover på nya verktyg 

2: Även verktyg återanvänds i så stor grad som möjligt  

2: Gamla verktyg kan ändras så att de fungerar för nya metoder också, då kollar man 
även så att den nya varianten av det fungerar med de gamla metoderna 

2: Tips om verktyg kan komma från andra verkstäder  

2: När ny metod ska skapas går en del på provande och en del på erfarenhet. Det blir 
mycket att gå omkring och leta verktyg. ”… lägger väldigt mycket tid på att leta 
verktyg, kollar gamla verktyg”. Går omkring med ett lager i handen och letar något 
som funkar.  

2: Om verktygen åker upp på tavlan, då är de godkända 
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3: Verktyg designar de själva. De får en del hjälp från externa företag men de ”är inte 
speciellt smartare än vi är”. De ger hjälp med att föra till bra saker som får verktyget 
att fungera, material osv. ”bollas” fram och tillbaka tills allt är godkänt.  

3: Utfallsprov 

3: De försöker använda vanliga verktyg så långt som möjligt. Det blir kanske 1-2 nya 
verktyg per ny motor 

3: Nämner att man inte kan söka fram verktyg i någon databas eller liknande, man får 
gå och leta i hyllorna 

3: Han uppskattar att det finns ca 1800 verktyg. 

4: Tar inte fram några specialverktyg, verktygen är från tillverkaren 

5: Måste veta vilka verktyg som passar 

5: På varje bakaxel tillkommer det kanske 3-4 verktyg, han har inte haft någon som 
han inte tagit fram åtminstone ett verktyg för 

5: Provar och ser vad han har för verktyg 

5: Samarbetar med externa leverantörer för att skapa verktyg 

5: En prototyp kan ofta ta två veckor  

5: Uppskattar att han lägger 25-30% av hans tid på att leta efter verktyg som kan 
återanvändas.  

5: Tycker det är väldigt roligt att själv skapa egna verktyg 

5: Verktygen hänger ”lite huller om buller” 

5: Verktygen är inte bundna till vissa grupper, alla kan användas. Det är stora 
besparingar för Volvo att återanvända verktyg 

6: Försöker använda så lite specialverktyg som möjligt.  

6: Tar exempel på verktyg för att skära ut vindrutan, det sparar man mycket tid på. 
Det ligger även i mekanikernas intresse att använda det.  

6: Använder väldigt lite specialverktyg på sitt område, ”mindre än 2%” 

6: ”hitta gamla verktyg” är största problemet. ”risken är väl det att man gör ett verktyg 
som redan finns”. Krävs erfarenhet för att veta vad som fungerar.  

7: Använder ”i stort sett inga” specialverktyg 
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1: Personen är öppen för förändringar, säger att det har varit mycket förändringar i 
många år och han är därmed van vid det 

2: ”det som vi jobbar med, det är ju inte egentligen vad som kan hända, utan det är ju 
frågan om vad tror du kan hända” – relaterar tillbaka till egen erfarenhet, vad har det 
varit för problem tidigare? Kan de hända igen? 

2: Diskuterar erfarenhet, personen har lärt sig mycket på sina år här 

3: Viktigt med tekniskt intresse 

6: Nämner erfarenhet, man ser lättare saker än om man aldrig gjort sådant innan.  
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7: ”Är kablaget så här stort så vet jag ju rent erfarenhetsmässigt att det går att trycka 
undan och komma åt”, dummyn kan ge lite hjälp men erfarenhet krävs 

7: Pratar om att han kan ta mycket på erfarenhet när han jobbar med att verifiera 
metoder 

7: Har nyfikenhet för att lösa datorproblem själv 
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1: Inget samarbete med de som levererar delar utifrån, svårt att få CAD data därifrån. 
Det de får är “skal”, bara ytan och inget av komponenterna inuti. 

1: Alla specialverktyg finns i CAD 

3: Saknas komponenter 

3: Informationsbrist 

3: Saknas CAD underlag för gamla delar 

4: Det finns brist CAD data på tillbehör 

5: Leverantörerna plockar bort alla värden från ritningar som metodarna inte specifikt 
frågat efter 

5: Leverantörerna är inte intresserade av att lämna ut CAD moduler, de lämnar bara ut 
”skalet”, inga detaljer om innehåll 

5: De får en maskinritning på hur verktyget ser ut som är skapad från CAD 

5: De har fått ”knapphändig information” 

5: Nämner åter att leverantörer inte vill ge ut information om vad som finns i delarna 
utan att de säger att man måste köpa nytt och byta ut hela komponenter, även för 
enklare problem som tätningar. Han fortsätter prata om leverantörer och att mycket 
läggs ut på dem i stället för att produceras inom Volvo. Vissa av dem har också en 
dominerande position på marknaden och Volvo ”har blivit mer och mer i händerna på 
underleverantörerna”. Han pratar om att om man vill ha mer data från dem måste det 
vara med i upphandlingarna men att leverantörerna ofta inte är så medgörliga.  

6: Får information i material från konstruktören.  

6: Han kan få presentationsmaterial med bilder och försöka uppskatta metoden från 
dem, sedan går han ner och gör den. Bilderna ger idéer om hur man ska göra. Det ska 
dock ändå verifieras i verkstaden. Får ofta material på mindre projekt.  

6: Saknas information, ”uppdateras inte ordentligt” 
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1: Jobbar nu ”virtuellt”, använder det order för att beskriva arbete i CAD  

2: Mycket har krånglat, brist på komponenter, oorganiserat arbete, brist på 
kommunikation, förändringar har inte delats ut bl.a. 
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3: Aktiv på projektmöten hos konstruktören. ”sticker man fram hakan” får man 
”bollar tillbaka” i form av CAD moduler 

3: Pratar om Violin som exempel och säger att ingen hittar något där, det är någon 
expert som ”gjort vad han kan” i stället för vad man behöver 

3: Nämner att ett problem är att ”det är platt”, pratar om att det inte går att jobba med 
för att det saknas djup 

3: Säger att företaget har en vision om att använda den här nya tekniken till 100 % 
men ”idag, med det som finns och det vi har, så kan vi inte använda det speciellt 
mycket. Det jag har sett går inte använda till det vi gör” 

4: ”det är så komplext det där dateriet, och det kan inte jag sätta mig in i”, kan inte 
förstå själva systemet  

4: Gör inte datasaker för nöjes skull, och det ingår inte i arbetsbeskrivningen, så 
därför sätter han sig inte in i det. 

4: De brukar lägga mycket pengar på datorprojekt 

4: Det går inte att verifiera mjukvaran. V-cads gruppen håller inte jämn takt. 

4: Det har inte fungerat någon gång, systemet (v-cads) 

5: Tycker att totala arbetstiden med metoder där man sitter framför datorn ”tenderar 
till att öka” 

5: ”inte så jag jublar precis”, han tycker det är roligare att skruva nere i verkstaden, 
ser inget roligt i att använda datorer, ser en koppling mellan de som tycker dataspel är 
roliga och de som är bra på DMU och liknande verktyg.  

5: ”Ingen motståndare” till datorteknik men han föredrar det praktiska arbetet 

5: ”Man slänger inte gamla” system utan det bygger på med nya hela tiden. Ser det 
som ett problem för det blir så mycket nytt hela tiden. Han har räknat på hur många 
olika system de använder och med delsystem uppskattar han 30st 

6: Har inte tillgång till ”virtuella saker” utan det får andra ta fram.  

6: Tycker de jobbar väldigt lite med ny teknik idag, att de jobbar som metodare alltid 
gjort bara det att de skriver in resultaten på data i stället för på papper. Ny teknik ”är 
ju ett hjälpmedel”. Har förtroende för tekniken och att den kan hjälpa.  

7: Nämner att det är många olika system idag, ”det är så rörigt” 

7: Idag är tekniken snabb, ”nu kan man jobba med det”, för några år sedan var den för 
långsam 

7: Tycker det är roligt att jobba med datorteknik, så länge det fungerar 

7: Ser det inte som att de använder så mycket ny teknik 

7: Kan se komponentplaceringarna bra i dagens system men många andra 
avdelningars arbete tror han inte går att göra 

7: Sitter med på packningsmöten där 3D används 

7: Tycker det underlättar jobbet att kunna gå in och se i 3D idag 

7: Idag finns bara en dummy för kablage, inga kablar är inlagda 
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7: Jobbar mycket med verifiering av metoder och inte så mycket med skapande av 
nya, därmed använder han inte 3D så mycket idag 

7: Tittar i 3D packning ibland idag för att få en uppfattning om var komponenten 
sitter och är den åtkomlig, är det något annat som kommer i vägen 

7: Tycker 3D och datorer är skoj. Har suttit och lekt lite med 3D på fritiden och spelar 
en del spel 
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1: DMU lanserades till alla samtidigt och folk skickades på kurser för att lära sig det. 
Personen använder det dock nästan aldrig eftersom det var för krångligt och inte gav 
honom de funktioner han behövde. Productview använder han dock ofta eftersom det 
bl.a. har en bra sökfunktion, det går lättare att hitta det han vill ha. Nu är det projekt 
på gång som gör att han kanske måste använda DMU ändå dock, datan är i det 
formatet. 

2: Pratar om DMU, säger att det inte var färdigt och tycker att satsningen misslyckats 

2: Använder inte DMU, ”tappat gnistan på det”, ”för långsam framfart” 

3: DMU tycker han är värdelöst ”noll användarvänlighet”, måste lära sig det igen 
varje gång man startar det 

3: För att undvika DMU åkte de till konstruktörerna och tittade på sakerna hos dem 

3: Tycker om ProductView, går snabbt att lära sig 

3: Använder det några gånger i månaden. Ser ofta något på ett möte som han sedan 
kollar upp 

3: Tycker det är ett jätteproblem att de använder olika program inom Volvo. Tycker 
att när något ”checkas in” ska det direkt göras om så att det går att använda båda 
programmen. 

4: Skriver in metoden i SID, hämtar projektbeskrivningar. Använder Impact. Har varit 
på information för DMU men tillbehör finns inte, bara hytten, så det gick inte att 
jobba i det. 

4: Problem i DMU med åtkomligheten, svårighetsgraden och vikten 

4: Använder inte DMU 

5: Dagens datoranvändning är framförallt i SID som han skriver in metoden i. Tar 20-
25% av framtagningen som man sitter framför datorn 

5: Har inte haft någon praktiskt användning av DMU i sitt arbete eftersom han inte får 
några CAD filer. Har inte ens varit inne i det på ett år 

5: Tvekar på om det går fortare i DMU 

6: Man kan söka på verktygsnummer i Impact. Annars söker han i verkstaden.  

6: Impact är bara gammal information som finns ute på verkstäderna, SID tar han 
från, där finns nyare.  

6: Har inte DMU 

7: Har använt DMU veckovis som mest 
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7: Svårt att hitta saker i DMU. Kunde också ibland bero på att data inte fann, inte var 
färdig etc. 

7: Pratar om Netmeeting och att förr var det trögt och svårt, men idag fungerar det. 
Han tar det som exempel på att han sett en förbättring på systemen de senaste åren. 

7: Pratar om sökningar i Impact, att systemet är konstigt upplagt med olika ordningar 
för olika delar osv. Systemet matchar inte hur det används i verkligheten. 

/�����������
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2: Tror inte på handske eftersom han måste kunna känna hur man kommer åt en viss 
komponent, man måste kunna känna sig fram ”många gånger” 

3:”det är just det här att du inte får känslan för detaljen, det finns ingen känsla”, inga 
”mjuka linjer” 

4: Pratar om känslan, ”finns det nån teknik för att få känslan för motstånd”. ”Det är 
ofta man får jobba på känslan bara”, skruva under intstumentbräda osv 

4: Vikten är också viktig 

4: ”om någonting är i vägen ska det kännas att det tar emot” 

4: Pratar om att alla sinnen ska vara med för att man ska kunna jobba 

5: Tycker man behöver känslan i verktygen. Ser den som viktig för att veta att ”man 
monterat sakerna riktigt”.  

6: Handskarna har han inte ”tänkt så mycket på”. Spontant ”inte helt fel” men man har 
ingen känsel och då kan man lika gärna ”ha en joystick” som man styr med. Tveksam 
till om det häjlper att ha en virtuell hand, den kan lika gärna vara osynlig 

6: Behöver inte kunna känna sig fram om man kan snurra på objektet. Då kan man 
ändå ta fram bilder som visar mekanikerna hur det ser ut, så har de en bild i huvudet 
av hur det set ut så kan de ”känna med fingern”, de behöver inte se för de ”vet hur det 
skall se ut”.  

6: Nämner exempel på att en kabelmatta kan ligga i vägen, då måste systemet vara 
avancerat för att det ska fungera. Blir det så avancerat tror han dock att det går att 
göra metoder utan att gå ner i verkstaden alls. ”ju mer avancerat det blir ju mindre 
verifiering behöver du” 

7: Känslan av komponenten är det största som saknas i dagens teknik 

7: Tror att man måste ha handskar för att återge känseln 

7: Tror inte att vikten är lika viktig som att kunna känna om komponenterna går att ta 
ut 

7: Vikten blir nog svår att efterlikna 

7: ”ifall man ska göra 100 % av metoderna virtuellt så måste det vara så bra tror jag”, 
om att realism krävs 
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7: Tror att man kan komma ganska långt även utan känsel i systemet, men inte hela 
vägen 

7: En del visuell feedback kan hjälpa men han tror inte att det blir riktigt bra utan 
känsel i händerna 

7: Påpekar igen att känseln måste vara realistisk 

7: Pratar om att det kan behövas verktyg för att hantera tyngre komponenter och att 
systemet måste visa vikten på något sätt 

/
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1: Personen tror att ett nytt system kan hantera varianter, alltså att man skapar 
metoder på riktiga komponenter men sedan gör dem i VR på liknande varianter. Då 
vet man redan det mesta om vikter osv. 

2: Vill kunna jämföra varianter och se vad som kommer att funka var, ”se 
möjligheterna”, ”heltäckande överblick på komponenter” 

2: Vill kunna kolla om bilen uppfyller lagkraven, ”kan vi använda den här bilen som 
en lagkravsvariant” 

3: Gillar att man kan söka ”som en webb”, som yahoo eller liknande 

3: Framtida användning, självlärande, ska ha sökning, thumbnail, få knappar ”det som 
är absolut nödvändigt”, välkomnande 

5: Önskar ett söksystem med dimensioner osv. och få förslag på ett par stycken 
verktyg och var det finns 

6: ”det måste vara användarvänligt, lätt att göra det”, även för konstruktören. Om det 
inte är det kommer ingen att använda det och då är det ”en flopp”. ”kan vi inte lita på 
det då är det ju ändå kört”. ”lätthanterligt”, lättare att ”plocka i en dator” än att gå ner 
i verkstaden. ”visst är det roligt att gå ner i verkstaden ibland men det kommer det ju 
ändå blir med verifieringen” 

7: ”jag kan inte komma in med armen på det här sättet och komma åt den saken”, 
måste gå att bedöma. Tror att det är bra om man ser armen man rör på för att kunna 
göra det. Även storlek på armar gör skillnad på vad man kommer åt, tycker han dock 
inte är så viktigt. 
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1: Personen tror att det är svårt att skapa tider men att det kan gå att skapa information 

4: Tiden är det väsentliga, osäker på hur det kommer fungera virtuellt 

4: Man kan se hur det ser ut men det är ”det här med tiden”, svårt att säga hur lång tid 
det kommer ta att göra saker 

7: ”Göra tider på ett riktigt sätt”, måste gå att göra ett ”riktigt jobb” med systemet 

�	��
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2: Sitta själv och plocka upp bil 

2: Personen har svårt att tänka sig det här med handskarna och hjälmen, tycker det är 
svårt att säga hur det kan bli 
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3: Tror att det skulle fungera lite bättre om man kan använda hjälm, jämför med mus 
och tänker då antagligen på hjälm i kombination med handskar 

3: Vill prova tekniken, tycker det är svårt att säga något om den annars 

3: Pratar om priset på glasögon och annan teknik 

3: Tror att en vägg kanske kan vara bättre eftersom det kan vara jobbigt att ha hjälmen 
på sig 

3: Tycker det skulle se dumt ut om man satt med hjälmen framför datorn 

3: Pratar om möjligheten att ha ett speciellt rum för VR tekniken, han har inte stött på 
möjligheten innan 

4: ”Lite spännande men samtidigt skrämmande” att det går åt det virtuella hållet men 
ser inte riktigt hur han ska kunna jobba med det  

4: Har föreställt sig det som att man sitter framför datorn 

4: Har ingen bild av VR hjälmar eftersom han aldrig provat det 

4: Hade nog tänkt sig det som DMU 

4: ”tittar på en film”, ”det är bara visuellt detta, inte fysiskt”, ”vem är det vi ska 
lura?”,”det är en upplevelse, det vill till om man ska kunna arbeta materiellt med”. 
Tror det kan finnas saker där det kan funka ”men det är ändå saker som ska förflyttas, 
utföras”, ”det här är ju bara hjärnspöken, hur ska man kunna styra sånt så det kan 
omvandlas till något konkret?”, ”det är inte bara en upplevelse” 

4: Pratar om dagens animerade filmer, att de är realistiska men bara illusioner och att 
det är svårt att omvandla detta till praktiken 

4: Tror att detta blir en förstudie och att det kan göras animerat 

4: ”stå inne i ett rum och famla i luften efter nån tredimensionell modell” 

4: Trodde man skulle sitta framför datorn, jag nämner att detta är ett steg längre där 
man inte sitter framför datorn längre 

4: Pratar om sjökaptens simulator, realismen i den. Vi går vidare till att prata om vart 
man skall med dessa tekniker och att full realism kräver mer avancerade kontroller 
där han nämner att kunna efterlikna t.ex. att ligga under bilen. Arbetsställningen. 

4: ”Gamla skolan”, skeptisk, ”är det tillräckligt många som tror på det så funkar det”, 
”det är för tidigt men på sikt så kommer det”, ”man får börja i det lilla” och inte jobba 
med hela lastbilen direkt 

4: Måste kunna ifrågasätta utan att bli sedd som teknikfientlig 

4: Pratar om kraven på datorkunskap ute bland mekanikerna 

6: Tycker CAVE är mer avancerat och att det räcker med en VR hjälm. Ser det som 
att hjälm kan man använda sittandes framför sin dator medan det här är mer 
avancerade system.  

6: Ser problem med att ha CAVE eller Powerwall för att då kommer inte alla kunna 
arbeta samtidigt.  

6: Nämner ”användarvänligt” 

6: ”svägningarna går mycket fortare virtuellt” 
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7: ”Når jag?”, kan man komma åt sakerna? 

7: Tror att CAVE är mer för visualisering snarare än för konkret arbete 

7: Tycker att handskar är viktiga, har en bild av att man får bra feedback med dem 

7: ”svårt att dela med sig av det man ser” om man bara har hjälm på sig 

7: Tror det kan vara en fördel att kunna visa saker för andra på en stor skärm 

7: Tror inte man kan nå 100 % utan att kunna hantera ”mjuka komponenter”, pratar 
mer om att det finns olika kabeltyper med olika böjningar som kan vara fästa på olika 
sätt. 

���
�
������
�������

2:”Det är inte den optimala lösningen men det kan tala om att här är ett 
problemområde”, kan ge varning om att man kan behöva beställa hit en bil för att 
verifiera 

2: Tror att det kan fungera som ett första steg men att man ändå måste ta hit och kolla 
på de fysiska  

3: ”ska man göra ett jobb med ett nytt verktyg så måste man göra det i verkligheten”, 
verkar mena att man måste prova sig fram med fysiska prototyper för att kunna skapa 
verktyget 

3: Pratar om arbetsprocessen. Tycker att man borde använda tekniken till att jämna ut 
kurvan senare snarare än tidigare, alltså att topparna innan SP kan jämnas ut efteråt. 
Vissa saker kan man skjuta på 

4: Tycker det är spännande att se hur det här ska bli, men är tveksam om man skulle 
tjäna så mycket på att göra tillbehörsjobb virtuellt eftersom de görs i slutet av 
processen ”man måste ha en komplett vagn” 

4: Pratar om övergångsperiod där man har en som programmerar och en som skruvar 
men sen kanske det drar iväg mot mer data för det är lätt att tro att man tjänar mer 
pengar där. Säger att blir mer och mer ”bunden vid” mjukvaran och tvekar på vad 
man tjänar på den, att den inte är billigare. Han tvekar på hur mycket nytta man har av 
det och relaterar till internationella marknaden där man i många länder inte alls vill ha 
datorsystem utan bara bilar som funkar. 

5: Tror man kanske behöver anställa flera människor, att man bör ha både en virtuell 
och en praktisk metodare.  

5: Nämner generationsskifte, att det kommer att krävas för att den som jobbar med det 
ska föredra att jobba med datorsystemen och att det är nödvändigt för att kunna vara 
effektiv, ”jag tror man måste tycka det är väldigt roligt att jobba med dator för att 
komma nånstans i det hela”, ”du kan inte göra ett bra arbete om du inte tycket det är 
roligt” 

5: Pratar om tid, att det krävs tid att lära sig detta ordentligt och att han inte tror den 
tiden kommer att finnas då de har så mycket annat att göra. Han tror att det krävs en 
hel ny grupp som sysslar med detta. ”det blir inte fullt ut utan mer ett nödvändigt ont 
nästan”. Tror det kan bli ett naturligt generationsskifte om man har en ny grupp som 
lär sig av de äldre men som jobbar med de nya datorbaserade verktygen.  

6: Kan tänka sig att man kan ta fram metoder virtuellt 
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6: Tror det fortfarande skulle vara skoj att jobba med VR utrustning. Tror att det 
”kanske skulle bli bättre” med effektivitet, bl.a. för att man gör det tidigare. ”Jag tror 
inte det är nån nackdel, jag kan inte se nån nackdel i det”. Det måste ändå vara 
användarvänligt och man måste tjäna på det, ”det får inte bli jobbigare”. ”Blir det 
ingen förbättring är det ingen som vill använda det heller”.  

6: Poängterar igen att det är lättare om alla kan sitta vid sin egen dator och jobba med 
det här.  

6: Nämner att man kan göra metoderna virtuellt sedan verifiera på fysiska delar.  

6: Nämner att om man har jobbet virtuellt kan man göra en förstudie, ”det kan du ju 
lägga in varje vecka” om det nya.  

7: ”Kan göra uppskattningar först och sen korrigera de på en fysisk vagn efteråt” 

7: Finns även metoder där man kommer kunna göra mycket i 3D, som exempel tas en 
där el ska ledas in i en ratt vilket inte sker med kablar utan med delar som finns som 
fysiska komponenter (och därmed också som data). Inga lösa kablar utan ”fasta el-
installationer” 

7: Tror man kan göra en metod till ”80%” och sedan verifiera på vagnarna om man 
inte har kablage på en fungerande nivå 

7: Ser framför sig att det kommer bli mer arbete med 3D 

7: Ser stora möjligheter i att använda datorteknik i arbetet 

7: Om de får 3D modellen för produktion månader innan riktiga bilen kommer ut så 
tror han de kan jobba mycket med den innan vagnen släpps 
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2: Nämner Airbus och att det krånglade med deras virtuella satsning, det var på 
kabeldragningen 

2: Tycker att man måste satsa för att få det att fungera, relaterar till Airbus som satsat 
mycket och ändå misslyckats. ”kan inte köra med vänsterhanden” – Det måste vara en 
helhjärtad satsning, ”fram med plånboken” 

4: Tror Volvo är rätt långt framme jämfört med andra konkurrenter 

4: Tror inte än på detta projektet, tvekar på tekniken.  

5: Tror att man behöver en större satsning på detta, att det inte räcker med en enda 
person eller så. 

5: Han nämner att egna system ofta utvecklas inom Volvo och tycker det vore bättre 
att ta in företag utifrån som är experter och låta dem arbeta med någon inom företaget 
som kan området. Tror att de blir ”hemmablinda”. Verkar förorda att ta in externa 
experter även på VR projektet.  

5: Tror att det är dyra redskap i dagsläget, att det kommer kosta mycket pengar att 
vara med och ha det senaste. Undrar om de ”elektroniska verktygen” är så mycket 
mer ekonomiska men tycker att han inte vet tillräckligt om dem för att döma det. 

5: Han tycker inte man behöver gå i spetsen för nya tekniker utan man bör vänta och 
se vad man får ut av det.  
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6: Tror man ska börja försiktigt men inte köpa några system man inte kan bygga ut. 
Man bör inte ”låsa sig i ett hörn” utan hålla möjligheterna öppna för att bygga vidare 
på det.  

7: ”det är inte nåt som händer om två veckor”, tror inte att tekniken kommer finnas 
snart 

7: ”möjligheten finns att kunna få det här att bli bra”
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The following is the questionnaire as it was sent to the employee at the company that 
entered it into their survey system for me. The first column contains my purpose for 
each question and was only and explanation for my own use, only the second and 
third columns with questions and answers were entered into the system. This 
introductory text is the final version he wrote after editing my initial suggestion 
(which was similar but slightly longer): 

A student currently doing his Thesis project at Volvo Parts wishes to gather statistics 
about Repair & Maintenance method work. Your input is requested to help in this, 
please answer the few questions on the TeamPlace survey at this address: [internal 
Volvo network address]  

Also, in order to get enough time to analyze the data your response is required as soon 
as possible.  

This thesis is about examining Virtual Reality technologies and analyzing how well 
they work for creating and verifying Repair Engineering methods, a step in the 
evaluation of the feasibility of performing method work directly on virtual models 
instead of ordering physical prototypes. Prior to this some interviews with Repair 
Engineering Mechanics in Gothenburg have been conducted and the purpose is to 
expand these available facts by gathering more statistical data. 

 

Purpose Question Values 

User background 
info 

1. Which is your main location? �  Bangalore, India 

�  Curitiba, Brazil 

�  Flen, Sweden 

�  Gothenburg, Sweden 

�  Greensboro, USA 

�  Lyon, France 

�  Minto, Australia 

�  Tultitlan, Mexico 

�  Wroclaw, Poland 

User background 
info 

2. What parts of the vehicles do 
you mainly work with? 

�  Bus Body 

�  Bus Brakes 

�  Bus Chassis 

�  Bus Powertrain 

�  Truck Brakes 
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�  Truck Cab 

�  Truck Chassis 

�  Truck Powertrain 

�  Other Powertrain 

Estimate work 
experience.  

3. Have you worked in a 
workshop before you started 
working with methods at 
Volvo Parts? In that case, how 
long? 

�  No, not worked in 
workshop 

�  Yes, 1-2 years 

�  Yes, 3-5 years 

�  Yes, 6-10 years 

�  Yes, 10-15 years 

�  Yes, 15 years or more  

Relate thoughts of 
end users and the 
methods the 
respondents create to 
their own 
experience.  

4. If you have worked in a 
workshop before starting work 
at Volvo Parts, how often did 
you use the kind of methods 
that you now create (regardless 
of vehicle type)? 

�  Never 

�  Seldom 

�  Sometimes 

�  Often 

�  All the time 

�  Not Applicable (you 
never worked in a 
workshop) 

 

Find out how much 
of the repair method 
work that really 
demands sensing 
touch.  

5. In how many of the methods 
you create or verify do you 
have to feel your way around 
to solve a problem (in other 
words use your sense of touch 
because your sight and hearing 
are not enough)? 

�  0% 

�  20% 

�  40% 

�  60% 

�  80% 

�  100% 

Find out how large a 
part of the work that 
demands sensing 
weight for work 
position judgment. 

6. In how many of the methods 
you create or verify do you 
have to feel the weight of a 
component in order to judge if 
the working position for it is 
good? 

�  0% 

�  20% 

�  40% 

�  60% 

�  80% 

�  100% 

Find out how large a 
part of the work that 
demands sensing 
weight for work 

7. In a method where you make 
such a judgement, how large a 
part of the work on that 
method can be affected by 

�  0% 

�  20% 

�  40% 
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position judgment. your judgement from feeling 
the weight? 

�  60% 

�  80% 

�  100% 

Estimate how much 
of the work that 
requires finding the 
flexibility of parts.  

8. How many of the methods 
you work on require -without 
exception- that you have to be 
able to judge the flexibility of 
the part you are working on or 
the parts around it? 

�  0% 

�  20% 

�  40% 

�  60% 

�  80% 

�  100% 

Estimate how much 
of the work that 
requires finding the 
flexibility of parts.  

9. In each method where this 
happens, how often does the 
flexibility have a noticeable 
impact on the method? 

�  0% 

�  20% 

�  40% 

�  60% 

�  80% 

�  100% 

Estimate how many 
of the methods 
created by 
respondents that 
need any special 
tools of some kind.  

10. How many of the methods 
you create require that one or 
more special tool is used? 

�  0% 

�  20% 

�  40% 

�  60% 

�  80% 

�  100% 

Estimate how much 
of the work that 
requires the creation 
of new tools.  

11. In how many of the methods 
you work on do you have to 
create a new tool? 

�  0% 

�  20% 

�  40% 

�  60% 

�  80% 

�  100% 

Generate an average 
of how many tools 
that are required in 
methods that use 
them.  

12. How many special tools do 
you have to use in each method 
that uses one or more? 

�  1 

�  2 

�  3 

�  4 

�  5 

�  6 

�  7 
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�  8 

�  9 

�  10 

�  Not Applicable (you 
never use special tools) 

 

Examine the 
respondents’ general 
attitude towards 
using computers for 
their work.  

 

13. What is your general 
attitude towards using 
computers (as you do it today) 
in your job? 

 

�  Very Negative 

�  Negative 

�  Neutral 

�  Positive 

�  Very Positive 

 

Examine the 
respondents’ own 
estimation of their 
experience of new 
computer systems in 
the company.  

14. When you have been 
introduced to new, bigger 
computer systems (for example 
SID, Impact, DMU or others), 
how do you think it has been to 
learn the systems well enough 
to do the job expected of you 
(on average for all systems)? 

�  Very difficult 

�  Difficult 

�  Neutral 

�  Easy 

�  Very Easy 

Let respondents 
estimate their own 
skill at using 
computers.  

15. What is your own opinion 
on how you are at using 
computers in general (both at 
work and at home)? 

�  Unskilled 

�  Mostly unskilled 

�  Neutral 

�  Mostly skilled 

�  Skilled 

Find out how well 
the respondents’ 
experience can be 
used for judging 
working position.  

 

16. Can you today judge the 
working position required for a 
certain step in a method just by 
looking at how a part is fitted? 

�  Never 

�  Seldom 

�  Sometimes 

�  Often 

�  All the time 

Estimate where most 
work takes place, 
office or workshop.  

17. How much of your work is 
done in a workshop (or similar 
environment) and how much is 
done in an office? 

�  0% in workshop, 100% 
in office 

�  25% in workshop, 75% 
in office 

�  50% in workshop, 50% 
in office 

�  75% in workshop, 25% 
in office 
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�  100% in workshop, 0% 
in office 

Estimate where most 
workshop work 
takes place, on the 
trucks or on separate 
workbenches.  

18. How much of your work is 
performed on a vehicle and 
how much is performed on 
workbenches or similar 
separate places? 

 

�  0% on vehicle, 100% 
on workbenches 

�  25% on vehicle, 75% 
on workbenches 

�  50% on vehicle, 50% 
on workbenches 

�  75% on vehicle, 25% 
on workbenches 

�  100% on vehicle, 0% 
on workbenches 
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Which is your main location? 

 
What parts of the vehicles do you mainly work with? 

 
Have you worked in a workshop before you started working with methods at 
Volvo Parts? In that case, how long? 
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If you have worked in a workshop before starting work at Volvo Parts, how 
often did you use the kind of methods that you now create (regardless of vehicle 
type)? 

 
In how many of the methods you create or verify do you have to feel your way 
around to solve a problem (in other words use your sense of touch because your 
sight and hearing are not enough)? 
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In how many of the methods you create or verify do you have to feel the weight 
of a component in order to judge if the working position for it is good? 

 
In a method where you make such a judgement, how large a part of the work on 
that method can be affected by your judgement from feeling the weight? 
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How many of the methods you work on require -without exception- that you 
have to be able to judge the flexibility of the part you are working on or the parts 
around it? 

 
In each method where this happens, how often does the flexibility have a 
noticeable impact on the method? 
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How many of the methods you create require that one or more special tool is 
used? 

 
In how many of the methods you work on do you have to create a new tool? 
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How many special tools do you have to use in each method that uses one or 
more? 

 
What is your general attitude towards using computers (as you do it today) in 
your job? 
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When you have been introduced to new, bigger computer systems (for example 
SID, Impact, DMU or others), how do you think it has been to learn the systems 
well enough to do the job expected of you (on average for all systems)? 

 
What is your own opinion on how you are at using computers in general (both at 
work and at home)? 
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Can you today judge the working position required for a certain step in a 
method just by looking at how a part is fitted? 

 
How much of your work is done in a workshop (or similar environment) and 
how much is done in an office? 
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How much of your work is performed on a vehicle and how much is performed 
on workbenches or similar separate places? 
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Property  Requirement  Grade Grade Comment  
Presence/Immersion Transfer of 

skills 
2 A sense of presence in the virtual 

environment can help the REM by 
removing the layers of interface and 
technology that can get in between the 
user and his job.  

Presence/Immersion Fit 
components 

1 If an REM can be immersed enough to 
feel that he's working directly with the 
components then fitting will be easier. 
(McMahan 2006) Shows that the level of 
immersion is not that important for the 
performance of tasks however. 

Presence/Immersion Take 
Standard 
Times 

1 Presence will help in judging realism of 
the times, but since taking times will be a 
software based function some work will 
still have to be done by way of an 
interface, which reduces the presence. 

Presence/Immersion Judge working 
position 

2 (McMahan 2006) shows that the level of 
immersion does not have much effect on 
the performance of an interaction task. 
However, presence can still affect 
performance here since the REM can 
need to feel like he's really there to see 
how to get at certain parts. 

Realism Transfer of 
skills 

3 The more realistic the system is the 
easier it will be for the REM to use the 
skills and experience he has of working in 
a real physical environment.  

Realism High user 
acceptance 

2 Realism will help the REM adjust to and 
accept the new system. Interviews show 
that most of them have already seen and 
worked with 3D data in its usual more 
abstactly colored and less realistic CAD 
presentation however, so realism is 
important but not critical.  

Realism Good 
learnability 

1 If working in the system resembles 
working in real life, then learning it will be 
easier and faster since there will be less 
of the technology between the user and 
his task. The learnability will depend more 
on software factors however, such as 
interface design.  

Realism Consider end 
users 

3 The more realistic a virtual system is the 
easier it becomes to consider the real 
user's situation. This is because the real 
use of the methods will in most cases not 
rely on computer technology at all, once 
the instructions are printed out and the 
work starts.  

Realism Fit 
components 

2 Realism will be necessary for the work on 
component fitting in the sense that the 
tools must allow the REM to create 
methods that the mimic real life systems. 
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Realism Communicate 
results 

2 Realism helps the REM make it clear 
what works and what doesn't work in 
reality when showing his work to the 
construction department.   

Realism Take 
Standard 
Times 

3 Taking STs requires the virtual system to 
imitate the properties of the real work 
closely. The times taken in the VR system 
has to match those in reality or the 
method will be incorrect. 

Realism Handle 
special tools 

2 The REMs have no experience handling 
the tools in a virtual environment 
according to interviews so the more 
realistic they appear to be, the easier it 
will be for them to handle them. 

Realism Judge working 
position 

3 Realistic appearance will be required to 
judge work-position, in the sense that 
physical properties must look correct or 
the position will risk being wrong.  

Attitude Transfer of 
skills 

2 The system will need to inspire a postitve 
attitude to the REMs or it will be hard for 
them to make use of their skills. If you feel 
annoyed with the tools you use it's harder 
to do a good job.  

Attitude High user 
acceptance 

3 The REM's attitude towards the new 
technology will be a defining factor for 
their acceptance of it.  

Attitude Good 
learnability 

3 User attitude has a very large impact on 
how easy it is to learn a system. It's much 
faster to learn working with tools that you 
like.  

Attitude Comfortable 
hardware 

1 If the system is not comfortable to use 
then the users will naturally like it less and 
therefore find it harder to work with.  

Attitude Communicate 
results 

1 The REMs attitude towards the system 
can be mirrored in his use of it when he 
presents results to others. If for example 
he feels the system is bad, then that will 
reflect negatively on the results he shows. 

Attitude Take 
Standard 
Times 

2 Interviews indicate that taking Standard 
Times is important to the REMs. The 
user's attitude towards his tools affects 
his efficiency so therefore the hardware 
should inspire a good attitude to make 
this important aspect of work efficient.  

Ergonomics Transfer of 
skills 

1 If the ergonomics of the new system 
match those of the physical equipment 
then the REM's skills will be easier to 
carry over. If they are used to a certain 
level of working time and comfort then the 
new system should match that. 

Ergonomics High user 
acceptance 

3 Acceptance will naturally be directly 
affected by ergonomics. If it's 
uncomfortable to work with the 
technology it wont' be as accepted.  

Ergonomics Comfortable 
hardware 

3 Ergonomics are a requirement for 
comfortable hardware and thus have a 
very postitve impact on that requirement.  
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Ergonomics Fit 
components 

2 The time you can use them and comfort 
when doing so from both controls and 
visual system will affect the ability to 
determine paths for components. 

Ergonomics Handle 
special tools 

1 Ergonomics of the hardware controls can 
affect the special tools by reflecting 
whether those tools are ergonomic or not. 
If the controls are comfortable to use but 
the tools are not, handling will be affected 
by that difference.  

Ergonomics Judge working 
position 

2 Ergonomics of both controls and visual 
system are important here. If the REM 
has a good movement freedom and 
comfortably handled controls then that 
should make it easier to determine how 
the end user of the method will work.  

Audio feedback Good 
learnability 

1 Sounds that imitate real workshop sounds 
could help the REMs learn the system.  

Audio feedback Consider end 
users 

1 Audio feedback can help make the 
method more realistic and thus more like 
the work in the workshops.  

Audio feedback Fit 
components 

2 Feedback with audio while working 
visually could help the user get 
indications of weight and touch, 
specifically contact. (Bjesse & Säljö, 
2000) confirms that it was appreciated in 
their system, which is for a similar line of 
work. 

Audio feedback Handle 
special tools 

1 Audio feedback can help make the 
method more realistic and thus more like 
the work in the workshops.  

Sense weight Transfer of 
skills 

1 Useful to apply realism to the usage of 
heavy equipment the ME is used to 
working with, but that is a smaller factor in 
the method work. 

Sense weight High user 
acceptance 

2 The REMs indicated in intervies that they 
consider the weight important and do not 
want to lose the sensing of that when 
using the new technology.  

Sense weight Consider end 
users 

2 The weight is important since the 
mechanics have limitations on how much 
they can lift in different positions. There is 
also a focus on safety in the company in 
which weight plays a major part, and that 
is also important when thinking of the end 
users.  

Sense weight Fit 
components 

1 Getting an indication of weight can help 
REMs judge issues such as safety and 
the survey indicates they think the weight 
affects some of their work. However, this 
can be done by visual feedback or 
automatically calculated by the software 
to some degree. Therefore it is not so 
important a factor for the hardware.  

Sense weight Handle 
special tools 

1 Feeling the weight of a tool working can 
help the ME judge how to work with it.  
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Sense weight Judge working 
position 

2 If you can feel weight then it's easier to 
estimate stresses on the body that can 
occur in some working positions. The 
survey also indicates that sensing weight 
is important for the work position.  

Sense weight Move flexible 
parts 

1 Sensing weight could help slightly in 
judging how far parts can bend, when 
coupled with the exprience of different 
materials the REMs have. 

Sense touch Transfer of 
skills 

2 Using their experience will be easier if 
they can get the feel of the tools and the 
feel of the components they are working 
on, since they are used to working with 
their hands today. According to interviews 
several of them consider feel to be an 
important part of their work.  

Sense touch High user 
acceptance 

3 In interviews the REMs mention the feel 
and touch, so having those senses 
simulated will be important to gain their 
acceptance. Their line of work also 
presumes that they have chosen to work 
with their hands, haptic feedback helps 
simulate that. 

Sense touch Consider end 
users 

2 Collisions are important to detect since 
the movement of parts can require very 
precise instructions to carry out in the 
workshops. In general, getting a feel of 
what handling the tools and parts is like 
by touch matches today's work where 
they use the same tools as the 
mechanics.   

Sense touch Fit 
components 

2 According to the survey touch does not 
seem to be an absolute requirement for 
more than around a third of the work done 
on methods, but interviews indicate that 
the REMs think this is important. 
Literature also shows that haptics can 
help a lot.  

Sense touch Handle 
special tools 

2 Feeling the tools and their contact with 
the components can help in judging how 
well they work. Mostly this would help in 
determining access possibilities for the 
tools, if they can reach the places where 
you need to work with them. This can be 
done by simulating collision. 

Sense touch Move flexible 
parts 

1 A tactile indication could help indicate 
flexibility. This could more easily be done 
by visual means though, for example 
letting the software change the colour of 
parts to indicate stress.  

Interaction volume Transfer of 
skills 

3 A more natural interaction in several 
dimensions will be important since the 
REMs are used to moving their arms 
around freely when they work and the 
project's goal is to mimic that way of 
working. 
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Interaction volume High user 
acceptance 

2 The realism offered by a higher 
movement freedom will make the 
technology closer to real life work and 
thus easier to accept. 

Interaction volume Comfortable 
hardware 

2 A larger degree of movement freedom will 
aid in making the control flexible and the 
movements varied.  

Interaction volume Consider end 
users 

1 Since a freer movement is more like the 
real work, the similarity with the 
mechanics use of the methods will aid in 
considering the use situation. 

Interaction volume Fit 
components 

3 Informal observations showed that the 
REMs can need to move around in their 
work and many of the tools they use and 
equipment they work on are of larger 
types. A larger movement volume will 
help simulate the larger movements they 
might need to do while still allowing for 
some precision work when required.  

Interaction volume Take 
Standard 
Times 

2 The times have to be precise and the 
freedom of movement is important to 
make the work and thus the time the work 
takes more realistic. Much of the detailed 
work can be simulated with software 
though, such as the time needed to 
remove bolts, screws etc. 

Interaction volume Handle 
special tools 

1 Some tools are quite large and in order to 
accurately judge how to work with them a 
greater movement volume could help. 

Interaction volume Judge working 
position 

1 With more freedom of movement 
evaluating the circumstances for working 
position could be easier, since it allows 
the REM to move around and look at 
things from different angles. 

Motion tracking High user 
acceptance 

1 If the tracking is precise and fast enough 
then a natural interaction can be achieved 
and that can help user acceptance.  

Motion tracking Comfortable 
hardware 

2 Tracking allows input hardware a bigger 
freedom of movement without being 
tethered to anything. 

Motion tracking Fit 
components 

1 The user's movements of the controller 
should be tracked accurately to achieve a 
natural feel of the interaction when fitting 
components.  

Viewing scale Transfer of 
skills 

2 The more realistic the scale is the closer 
their work with objects will be to the 
physical viewing they are used to.  

Viewing scale High user 
acceptance 

2 The more realistic the scale is the closer 
their work with objects will be to the 
physical viewing they are used to.  

Viewing scale Consider end 
users 

2 A viewing scale close to 1:1 should make 
it easier to make a realistic judgement. If 
the truck is seen as large as in life then it 
should be easier for the REMs to use 
their experience of real workshop work.  
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Viewing scale Communicate 
results 

2 The scale can affect how well the results 
are recieved. If seen in a large 1:1 scale 
then the results can be percieved as more 
realistic and therefore easier for the 
reciever to interpret. 

Viewing scale Judge working 
position 

2 A viewing scale close to 1:1 should make 
it easier to make a realistic judgement. If 
the truck is seen as large as in life then it 
should be easier for the REMs to use 
their experience of real workshop work.  

Depth viewing Transfer of 
skills 

2 Giving a better illusion of depth will 
increase the realism and make it easier 
for the REM to judge placement of 
components like he is used to. 

Depth viewing High user 
acceptance 

2 In discussions with the staff it has come 
to light that a problem the REMs find with 
today's CAD viewers is that they feel they 
have no sense of depth in the image. In 
order to get the new system accepted this 
will therefore be an important factor to 
consider.  

Depth viewing Comfortable 
hardware 

1 Some effects such as stereoscopy can be 
tiring on the eyes and are likely to cause 
problems for long periods of use. 
Shutterglasses and VR helmets are also 
uncomfortable. 

Depth viewing Consider end 
users 

1 A better sense of depth adds realism 
which can help evalute what the real 
situation will be like for the method. 

Depth viewing Fit 
components 

2 (Bjesse, Säljö, 2000) state that depth 
viewing is important for determining 
positions (p. 36). This is important to 
component fitting, where informal 
observations suggest even the smallest 
difference in positions can affect the 
outcome of the method.  

Depth viewing Communicate 
results 

1 A better sense of depth adds realism 
which can help illustrate the results. 

Depth viewing Judge working 
position 

1 A better sense of depth adds realism 
which can help by allowing the REM to 
more easily evaluate the surrounding 
hardware for a component. 

Field of view Transfer of 
skills 

2 The REM is used to having a full natural 
field of view over his environment and the 
closer to that the technology comes the 
more natural it will be for him to work.  

Field of view Communicate 
results 

1 If the field of view is too small then it can 
be harder for other people to interpret the 
results. A larger field of view would make 
results clearer by making the viewing of 
them more realistic.  

Field of view Judge working 
position 

2 Informal observations indicate that the 
repair methods can require moving parts 
into or out of areas of the whole truck. 
Having peripheral vision show you the 
whole truck in a large field of view could 
then help this work. 
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Property  Technology  Grade Grade Comment  
Presence/Immersion Haptic arm 2 The user is limited by the interaction 

volume of the arm and will always feel 
the same handle/pen shape in his hand 
regardless of what is being controlled in 
the virtual world. This could reduce 
presence. The haptic feedback does 
increase presence however, which will 
make up for downsides. 

Presence/Immersion Exoskeleton 2 The clumsiness of the current state of 
this technology will reduce the presence 
somewhat, but the advanced haptic 
feedback it can provide will more than 
make up for that. 

Presence/Immersion Mouse and 
keyboard 

-1 A regular mouse and keyboard offers 
very little sense of presence. There is 
little natural correlation between the 
movement of these controls and the 
movement in virtual 3D space. 

Presence/Immersion 3D mouse 1 The movement in a 3D environment 
appears to be simplified and more 
natural with this control compared to a 
regular mouse. This is still a stationary 
desktop device however, so it's effect on 
presence can't compare to the other 3D 
controls.  

Presence/Immersion VR glove 3 The natural style of interaction means 
there is almost no technology apparent 
between the user and the system. 

Presence/Immersion Wand 1 Natural movement freedom helps 
presence, but the fact that the user 
always feels the same shape of the 
same control in his hand regardless of 
what his virtual control looks like will 
likely break the illusion.  

Presence/Immersion Powerwall 2 A good sense of immersion can be 
achieved by larger walls and panoramic 
walls,  depending on the field of view 
they cover. With only one smaller wall 
the user can still see much of the real 
world around the screen. 

Presence/Immersion CAVE 2 Much of your view is covered by the 
projections and you are free to move 
your head and body around. 

Presence/Immersion VR helmet 3 HMDs give you a full immersion in the 
virtual world. Though the field of view is 
limited the natural head movement 
should give a very good sense of 
presence for the REMs, since 
observations show they move around a 
lot when working. The fact that most of 
the available helmets also block view of 
the outside world increases your 
presence. 

Presence/Immersion Autosterescopic 
monitor 

1 The stereoscopic effect increases 
presence but due to the limitations on 
field of view and head movement 
presence is on the whole not very good. 
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Presence/Immersion Regular monitor -1 Good resolution and colors can show 
realistic images, but in all other areas 
the regular monitor is lacking. 

Presence/Immersion Speakers and 
headphones 

1 Directional sound could increase the 
presence, but the REMs have not 
indicated sound to be of any importance. 

Realism Haptic arm 2 Depends on the usage. If the user is 
used to small precise instruments then 
this might be a 3 since most arms are 
limited in size. However, REMs use 
many different tools of many different 
sizes so the Realism is reduced to 2.  

Realism Exoskeleton 3 The kinds of force feedback an 
exoskeleton can generate makes the 
system appear very real.  

Realism Mouse and 
keyboard 

-1 A very unnatural type of control for 3D 
VR space. It is of course possible to 
use, as many computer games are 
examples of, but compared to the other 
controls this affects realism negatively.  

Realism 3D mouse 1 Some realism is added by the 3D input 
but it is still a stationary desktop device. 

Realism VR glove 3 Using your hands directly to control the 
system is the most natural control 
available.  

Realism Wand 2 The freedom of movement and ease of 
use make this control contribute to 
realism.  

Realism Powerwall 2 Good field of view, high resolution and 
1:1 scale give good realism. 

Realism CAVE 3 Excellent field of view, high resolution 
and 1:1 scale give great realism. 

Realism VR helmet 2 Natural interaction and the extra 
immersion of being inside the world 
contribute to good realism.  

Realism Autosterescopic 
monitor 

1 Good depth viewing give good realism, 
but bad field of view and scale bring it 
down. 

Realism Regular monitor 1 Realistic rendering can be shown with 
great detail in color and resolution on 
the technologically advanced monitors 
of today, increasing realism by all the 
depth cues that software can provide. 
Very little is offered by the  hardware 
itself when compared to the other visual 
solutions here however. 

Realism Speakers and 
headphones 

2 A directional sound system could help 
generate increased realism by 
mimicking materials' sound from the real 
workshops.  

Attitude Haptic arm 2 1 for the largest types of arms, since 
their size and appearance make them 
look less inviting. The regular sized 
arms have an ergonomic appearance 
and appear easy to use.  
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Attitude Exoskeleton -1 Exoskeletons look complex and almost 
frightening in a sci-fi related way. Most 
variants are  large and intimidating and 
have a high risk of affecting the REM's 
attitude negatively.  

Attitude Mouse and 
keyboard 

2 These kinds of controls have been 
around for a long time and anyone who 
has used a computer has experience 
with them.  

Attitude 3D mouse 1 Initial attitudes might be skeptical since 
3D mice can look odd compared to 
regular mice. The interaction seems 
natural enough that after an initial phase 
the REMs would likely consider them to 
be acceptable.  

Attitude VR glove 3 The natural control and familiar 
appearance of a glove should make it 
easy to accept.  

Attitude Wand 2 The simplicity of this control increases 
the acceptance. 

Attitude Powerwall 2 A big projection screen like this is not 
too dissimilar to projector displays used 
in meeting rooms today and that should 
increase acceptance. 

Attitude CAVE 1 The size and complexity in appearance 
of this installation would likely make 
acceptance harder. Once inside a 
functioning system the benefits of it 
should weigh that over to the positive 
though. 

Attitude VR helmet -1 Shutting yourself out from the world is 
an impression you get from VR helmets, 
since that's how they work. That and the 
generally skeptical reactions given by 
the REMs when shown images of VR 
helmets in the interviews makes it likely 
this technology would have a hard time 
getting accepted.  

Attitude Autosterescopic 
monitor 

2 Their similarity to regular monitors would 
likely make them easier to accept, since 
the REMs are used to working at 
computers.  

Attitude Regular monitor 2 These kinds of displays have been 
around for a long time and anyone who 
has used a computer has experience 
with them.  

Ergonomics Haptic arm 2 The design of most arms looks rounded 
and smooth. Test of one at a visit to 
SenseGraphics also confirmed that at 
least that model was very comfortable. 
The forces they can generate on users 
might tire them a bit but are likely small 
enough that they won't have a major 
impact.  
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Ergonomics Exoskeleton -1 The massive size and weight of 
exoskeletons should make them very 
uncomfortable for extended use. Also 
the fact that they generate larger forces 
on the users' bodies contributes to tiring 
them.  

Ergonomics Mouse and 
keyboard 

1 These traditional controls are acceptable 
for normal computer use but have never 
been very good when it comes to 
ergonomics. We've all heard of carpal 
tunnel syndrome... 

Ergonomics 3D mouse 2 These are usually ergonomically 
designed for comfortable use. 

Ergonomics VR glove 2 Wearing gloves is a comfortable way of 
controlling the system. Some add-ons to 
these gloves exist and can even be 
required however, such as tracking 
equipment. This can reduce the comfort 
slightly.  

Ergonomics Wand 2 A control as simple as this can be 
design for ergonomic use more easily, 
and the one tried in a visit to an IC:IDO 
installation at Volvo Cars was indeed 
lightweight and easy to handle.  

Ergonomics Powerwall 2 A large space to move around in in front 
of the screen gives freedom and 
variation in movement. If using 
shutterglasses comfort might be lowered 
however,  since they can be clumsy. 

Ergonomics CAVE 2 A large space to move around in inside 
the cube gives freedom and variation in 
movement. If using shutterglasses 
comfort might be lowered however, 
since they can be clumsy. 

Ergonomics VR helmet -1 These helmets are often large and 
heavy due to the amount of technology 
they need to contain. Among others, 
(Bjesse, Säljö, 2000) confirmed that in 
their test (p. 34). Even though there are 
more and more models that seem to be 
designed with comfortable use in mind 
and the newest models are lighter, they 
are still too heavy to use for extended 
periods of work without tiring. 

Ergonomics Autosterescopic 
monitor 

-1 The requirement of holding your head in 
a "sweet spot" in front of the monitor 
means very restricted movement. 

Ergonomics Regular monitor 1 Established designs 
stiff compared to more flexible solutions 

Audio feedback Powerwall 2 Mounting multi-channelled speakers 
could provide excellent audio feedback.  

Audio feedback CAVE 3 Mounting multi-channelled speakers 
could provide excellent audio feedback. 
The cube shape also lends itself quite 
naturally to having directional sound 
installed. Combined with motion tracking 
the sound can be updated realistically in 
real time depending on user movement, 
viewing angle etc.  
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Audio feedback VR helmet 2 Headphones are easy to integrate and 
several designs of VR helmets have 
done so. Directional multichannel sound 
is hard in headphones however. 

Audio feedback Speakers and 
headphones 

3 Naturally these technologies are 
excellent providers of audio feedback. 

Sense weight Haptic arm 1 2 for large arms, since they can 
generate higher forces to simluate the 
resistance of a greater weight.  

Sense weight Exoskeleton 3 Can apply larger and more detailed 
external forces on the user's body and 
thereby simulate both resistance and 
weight. 

Sense touch Haptic arm 3 My own brief experience with these 
types of controllers and litterature 
(Bloomfield 2003, Wampler 2003, 
among others) indicate that they are 
very good for simulating touch. The 
feedback is immediate and rather 
natural.  

Sense touch Exoskeleton 1 Exoskeletons are more designed for 
larger forces and thus not as good at 
generating the small and precise forces 
required for sensing touch. 

Interaction volume Haptic arm 2 1 if using the smallest types of arms, 
since observations show that the REMs 
can need to move parts in bigger 
movements. 

Interaction volume Exoskeleton 2 If it is an exoskeleton addon to a VR 
glove, instead look at the glove's grade 
since the skeleton's own interaction 
volume is then realtive only to that. 

Interaction volume Mouse and 
keyboard 

-1 Only 2 degrees of movement are 
available with a mouse. To move the 
controller in a 3D space the system 
needs a keypress or buttonpress that 
shift the plane the mouse moves in 
and/or the ability to shift the plane over 
time. 

Interaction volume 3D mouse 1 3D mice have 6 DOF which eases the 
movement of camera and other controls 
in the software compared to regular 
mice. They are stationary desktop 
devices however, so their 6 DOF 
movement volume is virtual rather than 
real and thus not as natural as other 
solutions.  

Interaction volume VR glove 3 Wireless gloves give an excellent 
freedom of movement. Wired gloves 
would perhaps grade a 2 instead since 
the wires restrict movement but they do 
not seem as common in the market any 
more.  
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Interaction volume Wand 3 The wand gives a very good freedom of 
movement. A visit to a powerwall 
installation showed that that particular 
setup had a large enough interaction 
volume that you could even walk a few 
steps in each direction and still have full 
control. Similar level of freedom seems 
to apply for wands encountered in 
research.  

Motion tracking VR glove 2 The user has free movement of his 
hands. Motion tracking is not an inherent 
property of most gloves themselves but 
provided as an addon. This addon is, 
however, more or less required to use 
gloves in VR so the grade is for gloves 
with tracking included. Various 
technologies exist and some of them 
can be a bit worse at precision however.  

Motion tracking Wand 2 Motion tracking is an inherent property 
of wands and gives good movement 
freedom. Various technologies exist and 
some of them can be a bit worse at 
precision however.  

Motion tracking VR helmet 2 VR Helmets require motion tracking to 
work correctly and they are usually fitted 
with  systems.Various technologies exist 
and some of them can be a bit worse at 
precision however.  

Viewing scale Powerwall 3 The large area of the screen gives 
excellent possibilities for viewing objects 
at realistic scale. 

Viewing scale CAVE 3 The large area of the screens give 
excellent possibilities for viewing objects 
at realistic scale. 

Viewing scale VR helmet 1  Since the user sees the virtual world as 
if he was inside it, objects should be 
able to appear to be in natural size.  

Viewing scale Autosterescopic 
monitor 

-1 Only very minor components could be 
seen in a realistic scale, most things 
witnessed in informal observations are 
much too large to see on an 
autostereoscopic monitor, which seems 
to mostly come in the same size as a 
regular monitor. 

Viewing scale Regular monitor -1 Only very minor components could be 
seen in a realistic scale, most things 
witnessed in informal observations are 
much too large to see on a regular 
monitor.  

Depth viewing Powerwall 2 Stereoscopic glasses give a rather good 
illusion of depth. 

Depth viewing CAVE 2 Stereoscopic glasses give a rather good 
illusion of depth. 

Depth viewing VR helmet 2 VR helmets have the possibilty of giving 
a good stereoscopic effect by showing 
separate images for each eye.  

Depth viewing Autosterescopic 
monitor 

2 When the user's eyes are in the sweet 
spot, the stereoscopic effect is quite 
good.  
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Depth viewing Regular monitor -1 No stereoscopic effects are possible on 
regular monitors, so no extra depth 
viewing is possible beyond those effects 
software can generate.  

Field of view Powerwall 2 Generally good, especially for the 
rounded screens that stretch around the 
user in a semi-circle.  

Field of view CAVE 3 2 if using only two smaller surfaces. 
Otherwise very good since when inside 
the room you can have up to your whole 
field of view covered by the projections 
on surfaces all around you. 

Field of view VR helmet -1 The FOV of VR helmets is very limited, 
most models seem to average around 
60 degrees horizontal, only a third of our 
natural 180 (VECG, 2003). 

Field of view Autosterescopic 
monitor 

-1 1 might be achievable if using one of the 
largest autostereoscopic monitors. It 
would be hard to get an acceptable field 
of view compared to the other visual 
outputs however. 

Field of view Regular monitor -1 -1 with a normal monitor, since it covers 
a very small angle. The grade would 
perhaps reach 1 instead with a multi-
monitor setup with several monitors side 
by side.  

 


