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ABSTRACT 
Modularization is an established concept for managing complexity and product variety, but 

there is no unambiguous and clear definition of the concept and of what constitutes a module 

in previous literature. This question was a starting point for the master thesis documented in 

this report, carried out at Scania CV AB. The purpose of the thesis is an investigation of the 

present situation regarding modularization at Scania, where focus is on how modularization and 

the term module are perceived by different functions within the Scania organization. Also, 

Scania is since May 2014 a part of the Volkswagen Group, which extended the thesis to 

compare Scania and Volkswagen regarding modularization. 

Analysis and result is based on interviews and a survey performed within different functions at 

Scania. The same procedure was performed at Volkswagen, where the interviews were replaced 

with meetings with employees.  

The result when analysing Scania internally is that the concept of modularization is indeed 

ambiguous and very hard to express in words. What could be identified as a common view on 

modularization is that it is about combining a fixed amount of parts to create variety and a 

customized vehicle. A great focus is on keeping the number of articles low and to reuse in as 

large extent as possible. Apart from the common view there are many diverse definitions of the 

concept and when it comes to methods linked to modularization the opinions differ the most.  

Regarding modules, there is no uniformity in the opinion of whether Scania has modules or not, 

although the majority agrees that Scania has. Regardless of opinion, it is also difficult for the 

participants to express their definition of a module.  

When comparing Scania to Volkswagen, the general perception of modularization and a module 

was similar. However, some differences were found regarding for example the description of 

the product, how to increase margins and the view on variety.   
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SAMMANFATTNING 
Modularisering är ett väletablerat koncept för att hantera komplexitet och produktvariation. 

Enligt tidigare litteratur finns dock ingen klar definition av vad konceptet innebär och av vad 

som egentligen definierar en modul. Denna fråga var utgångspunkten för examensarbetet 

dokumenterat i denna rapport, utfört på Scania CV AB. Syftet med arbetet är en nulägesanalys 

gällande modularisering på Scania, där fokus ligger på hur modularisering och termen modul 

uppfattas av olika funktioner inom Scanias organisation. Scania är också sen maj 2014 en del 

av koncernen ”The Volkswagen Group” vilket utökade arbetet till att också jämföra Scania och 

Volkswagen gällande just modularisering. 

Analys och resultat är baserat på intervjuer och en enkät utförda inom olika funktioner på Scania. 

Samma procedur gjordes på Volkswagen, där intervjuerna ersattes av möten med anställda.   

Resultatet från analysen av Scania internt visar att konceptet modularisering är tvetydigt och 

svårt att uttrycka i ord. Det som kunde identifieras som gemensamt i åsikten om konceptet är 

att det handlar om kombination av ett fixt antal delar för att skapa variation och ett skräddarsytt 

fordon. Stort fokus ligger i att hålla ner antalet artiklar och att återanvända så långt som möjligt. 

Bortsett från den gemensamma bilden finns det många skilda åsikter om konceptet och när det 

kommer till metoder länkade till modularisering hittar man de största meningsskiljaktigheterna.  

När det kommer till moduler finns det ingen entydighet i huruvida Scania har moduler, även 

om majoriteten håller med om att Scania har det. Oavsett åsikt så är det även svårt för deltagarna 

att uttrycka sin uppfattning om definitionen av en modul.  

I jämförelsen mellan Scania och Volkswagen visade det sig att den generella uppfattningen om 

modularisering och modul är liknande inom de båda företagen. Däremot identifierades några 

skillnader som till exempel hur produkten beskrivs, hur man jobbar för att öka sina marginaler 

samt synen på varians.  
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1 INTRODUCTION 
Product variety and complexity in products and systems have for the last decades been 

increasing, much due to globalization, including both more and more specific customer 

demands as well as shorter lifetime of products (Bullinger et al. 1995). A vital part to be able 

to handle the complexity and product variance that companies are faced with today is a modular 

system (Langlois, 2002).  

A company that discovered the benefits of modularization early is Scania CV AB, or more 

commonly known as just Scania. Already in the 1930s Scania started to discuss how the 

company could combine components in different ways to create different types and 

performances of engines, trucks and buses. The need for modularization grew as the company 

expanded, and in the late 1990s Scania started to make a clear formulation of concepts related 

to modularization. (Scania CV AB, 2010) 

Today, Scania is a successful company within the automotive industry manufacturing 

commercial vehicles, more specifically heavy trucks and buses, and in smaller scale also diesel 

engines. The secret to why Scania has been able to stay successful over such a long period of 

time lies in their way of modularizing the product, or as they call it “mass customization”; being 

able to offer their customers a highly customized product while still keeping the cost of 

development and production down as well as keeping the stock of spare parts to a minimum 

resulting in easy serviceability and upgradeability.  

In this chapter the background and purpose to this master thesis project at Scania is presented, 

as well as method and delimitations.  

1.1 BACKGROUND 
Even though modularization is a useful and common way to manage product variety and 

complexity, as mentioned in the section above, the concept of modularization is ambiguous and 

the definition of what constitutes a module vary from company to company. While some defines 

modules in relation to function others can define it in relation to form or element (Carbone, 

1999), which raises the question of whether companies are able to create a consistent definition 

of the term throughout the organization. The ambiguity might also magnify the problem further 

when several companies are involved and trying to collaborate leading to misinterpretations 

and communication difficulties; they think they are talking about the same thing while they in 

fact are not.  

Since May 2014, Scania is owned by Volkswagen and is therefore a part of the Volkswagen 

Group. This makes the concept of modularization and the ambiguity around it a current issue 

at Scania, since a conversation without misinterpretations and misunderstandings is important 

for a successful collaboration between the companies. In other words, a common language is 

needed when talking about modularization in order to understand each other. As mentioned 

above regarding the vague definition of modularization and a module, both companies are 

claiming to work with modularization but most likely in different ways and using different 

languages.  

Besides the communication difficulties, Scania may come to a point where the company has to 

advocate their way of practicing modularization which have never been required in the past. 

Therefore, the concept of modularization from Scania´s point of view has to be explained and 
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documented in terms that Volkswagen comprehends in the same way as Scania. Moreover, 

another heavy truck manufacturer called MAN is also a part of the Volkswagen group with yet 

another perception of modularization. This makes it even more essential for Scania to 

strengthen the support for their practice; explaining how they do and why they do what they do.  

1.2 PURPOSE 
For Scania it is important that their modularization is described in a language that cannot be 

misunderstood by Volkswagen in order for them to accentuate how they are working and why 

they are working that way. The first step in being able to do that is to investigate and document 

how modularization is perceived and applied in the Scania organization today and what terms 

are used to describe modularization in order to increase the common knowledge in the 

organization. The investigation and documentation was requested from Scania in the beginning 

of the research as well as insights collected from a comparison with another company as for 

example Volkswagen.  

Based on the background and the purpose of the research provided by Scania, the research 

questions for the study were conducted. The questions were formulated by the authors and 

approved by the supervisors at Scania. The research questions conducted are listed below: 

 RQ1: How is the concept of modularization and the term module perceived among 

employees within the Scania organization? 

 RQ2: Is the perception on modularization consistent throughout the entire organization 

or are there diverse opinions on the concept of modularization and what constitutes a 

module? 

 RQ3: Are there differences and similarities in how employees at Scania perceive the 

concept of modularization and modules compared to the perception of the same 

concepts among employees at Volkswagen? 

 

An answer to these questions is expected to facilitate the communication between the different 

stakeholders within the Volkswagen Group in general but also work as a foundation for 

documentation and understanding regarding modularization within the Scania organization in 

particular. In short, the desired outcome of the master thesis is an analysis of the present 

situation of Scania’s modularization. This includes; 

 The perception of modularization and what constitutes a module, if such exists, within 

different functions at Scania. 

 Problems and challenges for the future when it comes to modularization at Scania.  

 A comparison of Scania and Volkswagen regarding modularization, identification of 

differences and similarities. 

1.3 METHOD 
To achieve the desired outcome, three major phases have been critical to the process; literature 

and pre-study, data collection and data analysis. The chosen methods for these phases are 

described in the following chapters.  

1.3.1 LITERATURE AND PRE-STUDY 
To define the scope and purpose of the project, a literature study regarding different aspects of 

modularization was performed with the purpose to compile the work that has been done on the 

subject. The literature study was mostly based on journal articles, but some Ph.D. theses and 
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published books were also used. In the beginning of the master thesis, a compilation of 

publications related to the topics of modularization and product platforms was received from a 

team of researchers at KTH. This compilation served as a base for the literature study. Also, 

additional literature was collected through the search engine Primo provided to students at KTH 

Library. The keywords in this search were: modularization, modularity, module, product 

platform, truck industry, cars, trucks, product architecture, PLM, product lifecycle 

management, qualitative research. 

In parallel, a pre-study was carried out at Scania to collect the information available regarding 

modularization. The information was gathered both by meetings with employees at Scania as 

well as trough the documentation currently available regarding modularization and product 

description. A lot of focus during the pre-study was also on understanding the Scania 

organization as well as the work done by the function responsible for product description and 

CAD called UTS, at which the master thesis was carried out.  

1.3.2 DATA COLLECTION 
For the data collection, a qualitative research approach has been applied with interviews as the 

main source. A qualitative approach was preferred for this master thesis, since there were no 

pre-determined hypothesis but the aim instead was to develop theory from the collected data in 

a more explorative way (Weathington et al., 2012). Also, since the purpose of the study was to 

investigate how modularization is described by employees at Scania, a method facilitating open 

discussions around the topic were preferred compared to structured questions. 

The interviews were performed face-to-face with one interviewee at a time and a set of semi-

structured questions were asked, in other words questions were pre-defined but the order in 

which the questions were asked was flexible and the interviewee was asked to speak openly 

about the questions (Denscombe, 2007).  Therefore the interviews could also be adapted to suit 

the interviewees and their specific knowledge. The conducted questions were based on the 

literature study and the pre-study performed at Scania. Therefore the questions included both 

general knowledge about modularization and modules as well as more Scania specific questions 

such as questions regarding terms used to describe the product. Defining the questions was an 

iterative process and the final set of questions was based on two test interviews as well as the 

literature and pre-study. 

However, qualitative data can be hard to handle in terms of coding and analysing and is very 

dependent on the respondents’ ability to answer the question as well as the researcher’s 

interpretation of the answers. Therefore also some structured questions based on the literature 

study were incorporated in the interviews in the shape of a survey to get comparable data that 

is relatively easy to analyse (Denscombe, 2007). The interviewees were chosen purposively to 

match the relevance of the research questions (Morgan & Bhugra, 2010). 

The interviews were conducted with candidates, 13 in total, positioned within six different 

functions at Scania. This means that there were two participating interviewees from each 

function, except for one from which there were three interviewees. Same 13 candidates also 

answered the survey, which was performed in connection to the interviews. The profile for the 

interviewees were that they were to have good knowledge about the product, but still be active 

in different areas of Scania’s organization. Also employees with tasks including communication 

with other functions or experience from different functions were sought. Based on these criteria, 
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the interviewees were contacted with recommendations from the supervisor at Scania. The 

functions and the amount of interviewees from each were: 

 Research and Development (3 interviewees) 

 Production (2 interviewees) 

 Sales and Marketing (2 interviewees) 

 Aftermarket (2 interviewees) 

 Product Coordination (2 interviewees) 

 Software (2 interviewees) 

The set-up for the interviews was one person mainly asking questions while the other took notes. 

Also each interview performed at Scania was recorded. 

A similar process was performed at Volkswagen where meetings were held with eight persons 

from both the Volkswagen brand and the Volkswagen Group; positioned within R&D, 

management, IT and production. During the meetings some of the questions that were asked 

during the interviews at Scania were discussed, but also general presentations regarding each 

person’s working area were held. The same survey as for Scania was also handed out to 

employees at Volkswagen, with 10 respondents in total. The meetings held at Volkswagen were 

not recorded as the interviews at Scania since they depended a lot on visual presentations. 

Instead, notes were taken during the meetings. The same survey as for Scania was also 

distributed to employees within the Volkswagen Group with help from a contact person at 

Volkswagen, which generated 10 responses from the Volkswagen brand, Volkswagen Group 

and Audi. The respondents represented five different functions: research and development, 

production, sales and marketing, product coordination and software. Though, the position of 

three of the respondents were unknown since they did not fill in this information when 

answering the survey. Also, for one of the statements a part of the sentence was missing in the 

survey that was sent out to Volkswagen and the majority of the participants have therefore not 

rated that statement. This statement was therefore disregarded from the analysis, see statement 

E16 in Appendix 8.  

1.3.3 DATA ANALYSIS 
For the data analysis, each interview performed at Scania was transcribed and assigned an 

identification number. The rows of the transcription were numbered to facilitate the coding 

process, which was the next step of the analysis, in that way the coded sections of the 

transcription could be easily tracked if needed.  

The codes were developed through an analysis of two test interviews that was conducted in the 

beginning of the process, and was grouped into categories with attached sub-categories. The 

categories were assigned a letter and the attached sub-categories were assigned an additional 

number to the category code. For example one category could have the code A, and the sub-

categories to that category would then be coded with A1, A2, A3, etc. The categories were 

revised as the data collection phase was carried out and examples of the categories by the end 

is; definition of modularization, method for modularization, the result of modularization, 

definition of a module and challenges with Scania’s modularization. Relevant sections from the 

transcriptions were assigned the corresponding code as well as the identification number of the 

interview and the row numbers of the section.  
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When all the interviews had been coded a compilation of all sections behind each code was 

created and analysed from the perspective of each investigated function within Scania. Also a 

comparison between the functions was made to see if the perception differs within the 

organization. For the survey with structured questions (or rather statements) that was carried 

out during the data collection phase, the result was compared between all interviewees as well 

as between functions. The purpose was to determine the general opinion among the 

interviewees as well as similarities and differences between functions. To identify the areas of 

disagreement the standard deviation in the answers from the survey were investigated. 

As mentioned, the investigation at Volkswagen was performed in a different way than Scania 

and no material was recorded. Therefore no transcriptions of these sessions were made. Instead 

the information collected from the visit to Volkswagen was summarized without any coding 

process. The surveys were analysed in a similar manner as for Scania, to enable a comparison 

of the results. To identify differences between the companies a t-test on the survey results was 

performed where the companies were seen as two independent samples. This was made to 

ensure a statistical significance in the results. 

1.4 DELIMITATIONS 
During this research some delimitations have been considered;  

 The time for this research was limited to 40 weeks of fulltime work allocated on two 

persons, which means 20 weeks per person.  

 The focus has been on “the product” (in other words the truck), not the IT-systems used 

at Scania and the services surrounding the product. Note that “the product” includes 

how the product is described, designed (both hardware and software), manufactured, 

sold and serviced. 

 The research was limited to be conducted within six functions at Scania, including 

approximately two employees from each area, perceived to give a good overview of the 

product life cycle. 

 The research at Volkswagen was performed in much less extent due to limitations in 

access in comparison to Scania.  
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2 SCANIA’S WAY OF WORKING 
This chapter describes the foundation of Scania, a philosophy based on a set of core values, 

principles and methods.   

2.1 THE PHILOSOPHY OF SCANIA 
With their optimised and tailor-made heavy trucks and buses, engines and services, Scania aims 

to offer their customers the best profit from a lifecycle perspective. Scania’s characteristic way 

of working makes them a leading company within the commercial vehicle industry.    

A great emphasis lies on the core values of Scania; Customer first, Respect for the individual 

and Quality.  

By acquaintance with the customer and knowledge about the environment that their business 

operations take place in, Scania is able to involve the customers’ operations throughout the 

whole value chain. Customer first is reached by creating solutions that contributes to customer 

profitability and a sustainable environment with the aim to create a high earning capacity, while 

keeping the costs for operations low.  

A great importance lies in the utilisation of the knowledge, experience and ambition of each 

individual, which by being noticed constantly can improve and develop their working methods. 

By Respect for the individual the everyday work feeds inspiration and new ideas, with a result 

of higher quality, efficiency and job satisfaction.   

Solutions with high Quality are a fact for Scania’s customers to gain life-cycle profitability. By 

knowing the customer and their needs, Scania is able to continuously improve the quality of 

their products and services. Elimination of waste is an important factor from the quality aspect 

and supports Scania with the ability to ensure that the deliveries meet the expectations of the 

customers. By taking earlier deviations from targets and standards into account, the processes 

of Scania can be constantly improved.  

Scania has a holistic philosophy that is based on well-defined principles and methods to reach 

a set of specified results, this with the core values in mind. Scania endeavour for perpetual 

improvement in order to be successful.  

The company has implemented a common way of thinking – a set of well-established and 

continuously improved principles, which in turn are supported by methods – a common way of 

working. Following the principles and methods aims to reach a specific result. If the result does 

not meet the expectations, the methods have to be considered, and if needed further developed. 

The same applies to the methods and principles, as illustrated in Figure 1. With this philosophy 

in mind; high quality, delivery precision and efficiency is enabled in the everyday work of 

Scania.  

(Scania CV AB, 2015) 
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Figure 1. The philosophy of Scania –“A way of thinking, a way of doing things, to achieve 

our results”. (Scania CV AB, 2015) 

2.2 THE SCANIA HOUSE 
Scania describes their operational principles as a house, referred to as the Scania House, built 

upon the core values forming a mind-set and a work process with the aim to eliminate waste 

and add customer value. The principles that form the walls and roof of the house are demand-

driven output, normal situation, right from me and continuous improvement. Together these 

principles work to eliminate deviations, to control the quality of the product, to make sure that 

everything produced have a customer and to make sure that improvements are continuously 

being made to the offerings and the processes. How this is applied in practice differs from 

function to function trough specific sub-principles appropriate for each unit and environment, 

which is also why here are several versions of the Scania House. The general Scania House 

describe in this section can be seen below in Figure 2. 

(Scania CV AB, 2015) 

 

Figure 2. Figure of The Scania House, with the core values as foundation and the operational 

principles as walls and roof (Scania CV AB, 2015).   
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2.3 TOOLS TO ENABLE CUSTOM MADE SOLUTIONS 
Scania offers custom made solutions to match the needs of each specific customer, which make 

them unique in the automotive industry. This is made possible by their “bygglåda”, a toolkit 

containing all pieces available at Scania to create a complete transport solution. To manage this 

promise Scania creates their own tools and processes instead of using well-known commercial 

solutions.  

What is most unique with Scania is their modular system, which is represented by a hierarchic 

generic product structure. By generic is meant that it covers the entire collection of components 

and parts that is included in the product. That will say, there are no separate vertical structures, 

but one single structure that manages all the possible variants of trucks, buses and engines. The 

different variants are created by combination of components and parts1, where conditions in the 

structure determine if a combination is valid or not.  

The huge possibility for combination makes it possible for the customer to specify the exact 

vehicle to have their needs fulfilled. Below is a schematic figure, see Figure 3, over the order 

to delivery process of Scania’s products, which will be further described in following sections.  

 

Figure 3. Schematic figure of the order to delivery process of Scania. 

In the ordering process so-called user and operational factors for the customer are identified to 

create a description of the transport task for the wished vehicle, such as for example actual 

                                                 

1 Note that what Scania refers to as “part” corresponds to what is called “article” in literature. 
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weight and topography (for the context that the vehicle will be used). This is further summarized 

in a load factor, which basically is a condensed description of the operational factors for 

selection of performance step, as for example traction class etc. Based on the load factor a 

recommendation of a performance step can be acquired. The complete configuration of chosen 

performance steps corresponds to a fully specified vehicle from the demands of the customer 

and is called the C-specification, which is created in the sales configuration tool ETEL. In this 

specification the vehicle is described by something called FPC-codes (Functional Product 

Characteristic), or variant codes, that correspond to all the performance steps that were chosen 

during the earlier stages.  

The C-specification passes through a process called TCR/VCR (Translated Code Register and 

Variant Combination Register) where the specification from the customer is translated and 

validated to form the complete specification of the vehicle, the so-called V-specification. The 

V-specification is basically a more detailed specification of the C-specification where 

additional information is added, information that have not been actually chosen from the 

customer but that has to be included to be able to produce the vehicle. That means that one 

variant code in the C-specification often represents several variant codes in the final V-

specification. When passing TCR the C-specification is translated to a more detailed 

specification, and in VCR the specification is validated to check if it is complete and if the 

combinations from TCR are allowed. If the specification is not valid or not complete it has to 

be reconfigured until it is, and is then ready for order.   

Scania’s modular product structure is changed, improved and expanded continuously to answer 

to the change of the product. The continuous improvement process is called CEPPSS 

(Continuous Evolution of Properties Planned in Small Steps) where every change in the product 

description is described with an ECO (Engineering Change Order) and can apply to for example 

components, parts, validation rules etc.  The changes further imply continuous changes in the 

order as it is being stored, and Scania’s systems make sure that the specification remains valid 

until it is released.  

When the order is released, it is processed for the assembly before it goes to production. The 

assembly processes is separately described in a structure not so different from the product 

structure in a system called MONA; where instructions, tools, time estimates etc. is described. 

The order is then called-off and allocation to different production sites etc. is established.  
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3 MODULARIZATION ACCORDING TO LITERATURE 
For over 20 years, the product variety that companies offer their customers has been increasing. 

Due to globalization characterized by a high speed of technological change and complexity 

(Kotabe et al. 2007), as well as more and more specific demands from customers in parallel 

with shorter product life-cycles (Bullinger et. al. 1995), being able to offer a variety of products 

have been crucial in order for companies to survive. Today, customers do not only demand 

lowest price possible but also want high quality and customized products, moving the 

competition from strictly price competitive to a focus on product variety and time-to-market 

(Jiao and Tseng, 1999). As a consequence, differentiation in product variety, or customization, 

is of increasing importance to companies as a market instrument.  One way to deal with this is 

to adopt a so-called mass customization technique, which gives companies the benefits of both 

customization and mass production.  

Modularity is one way to achieve mass customization as mentioned above. According to Clark 

and Baldwin (1999), modularity should be seen as two ideas summed into one concept where 

the first idea is the idea of interdependence within and independence across modules. The 

second idea is captured by three terms: abstraction, information hiding and interface. They 

argue that the only way for humans to manage complex systems, which many of today’s 

products are, is to break it in parts according to natural divisions and then hide the complexity 

of each part behind an abstraction and an interface. In other words, formulated by Clark and 

Baldwin together with Carliss (Carliss et al. 1997, cited in Doran, 2004, p. 102), modularization 

is the process of.  

“… building a complex product or process from smaller subsystems that can 

be designed independently yet function together as a whole.” 

In this chapter, previous research on the topic of modularization will be presented. The focus 

of the performed literature study has been how research describes the concept of modularization, 

definition of what constitutes a module and different aspects of modularization. 

3.1 THE CONCEPT OF MODULARIZATION 
Modularity is a concept that has become very popular during the recent decades and many 

companies claim to apply it. However, the description of the concept of modularization is very 

ambiguous and almost never has the same signification for one company as for the next. 

Literature describes modularity as a very general set of principles for managing complexity 

(Langlois, 2002) and as mentioned in the introduction above, Clark and Baldwin (1999) argues 

that the only way for humans to manage complex systems is to break them up. 

What constitutes complexity then? Simon (1962) defines a complex system as follows: 

“Roughly, by a complex system I mean one made up of large number of parts 

that interact in a non-simple way. In such systems, the whole is more than 

the sum of the parts, not in an ultimate, metaphysical sense, but in the 

important pragmatic sense that, given the properties of the parts and the laws 

of their interaction, it is not a trivial matter to infer the properties as a whole.” 

Clark and Baldwin are not the only ones to argue that complex systems are managed by division. 

Simon means that the criterion in modular design is decomposability, which Langlois also 

supports and argues. By breaking a system into discrete pieces, one can handle what would 
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have been an unmanageable tangle of systematic interconnections. What Langlois also adds in 

his description is the fact that the different pieces need to be able to communicate with one 

another but only through standardized interfaces within a standardized architecture. As he sees 

it, the difference between a decomposable and non-decomposable system is the fact that a part 

in the decomposable system will be highly dependent on other parts within its subassembly but 

relatively low on the characteristics of parts outside the subassembly whereas the success of a 

part in a non-decomposable system is likely to depend on characteristics of many other parts in 

the system. To manage complexity then, the number of distinct elements needs to be reduced 

by grouping elements into smaller number of subsystems where elements are hidden within 

each subsystem (Langlois, 2002). 

As mentioned in previous section, companies often adapt modularity in order to increase variety. 

To match product variety and manufacture, the product architecture is the key and many 

researchers have suggested development of product modularity to achieve a good product 

architecture (Erixon, 1998). The product architecture is the scheme by which the function of a 

product is allocated to physical components. Ulrich (1993) describes the product architecture 

as the arrangement of functional elements, the mappings from functional elements to physical 

components and the specification of interfaces among interacting physical components. To 

achieve a modular architecture according to Ulrich, two things have to be fulfilled. Firstly, the 

mapping has to be one-to-one from the functional elements in the function structure to physical 

components where only one element is mapped to one component. Further, a modular 

architecture specifies de-coupled interfaces between the components contrary to an integral 

architecture, which includes a complex mapping and coupled interfaces between components. 

According to Erixon, a modular architecture is said to have the following two properties: 

1. Chunks implement one or a few functional elements in their entirety. 

2. The interactions between the chunks are well defined and are generally fundamental to 

the primary function of the product. 

 

Chunks can be compared to the previously described subsystems, in other words a chunk 

comprises one or more elements that have been grouped. Thus, it can be concluded that in 

different ways the studied research defines the concept of modularization to be based on 

dividing and grouping of functional elements into subassemblies to reduce the number of 

interactions between parts in a system by letting the subassemblies interact only through pre-

defined interfaces. As a result of the hidden elements, changes in one subassembly should not 

affect any other subassembly. Research also shows that the decomposability is a way to deepen 

the understanding of the architecture of complexity, which is true whether the system is physical, 

biological, social or economic (Sanchez and Mahoney, 1996). 

Before deciding on the product structure however, firms need to be aware of both supply and 

demand side characteristics, and the product architecture should reflect the relative importance 

of both supply and demand side aspects (Magnusson and Pasche, 2014). Magnusson and Pasche 

have found that there is a dominant focus on the supply side (R&D and manufacturing) when 

considering if and how to apply modularization. To avoid this they suggest that the influence 

and control of the product architecture should be distributed allocated to the business logic of 

the firm, if not handled directly by the top management or a dedicated internal organizational 

unit. 
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Modularization is also frequently applied in software, which means that the philosophy not only 

regards physical systems, and the intention of the mind-set does not differ quite so very from 

the physical aspect. The focus in modular programming is on developing coding techniques and 

assemblers that makes it possible to write one module (for definition of a module in this aspect 

see Chapter 3.2) only with a small amount of knowledge of the code in another module, but 

also to create modules that are interchangeable and that can be reassembled without affecting 

the assembly of the whole system. (Parnas, 1972)  

3.2 THE DEFINITION OF A MODULE 
Modularization is often described as a system that it is composed by modules, but what actually 

constitutes a module? This is a question that the literature and research have not managed to 

answer, i.e. a clear and unambiguous definition of the concept does not exist. According to the 

Oxford English Dictionary, the word ‘module’ (2002) is defined as;  

“Any of a series of independent units or parts of a more complex structure, 

produced to a standard design in order to facilitate assembly and allow mass 

production. More generally: any more or less self-contained unit which goes 

to make up a complete set, a finished article, etc.” 

Though, this is a very synoptic interpretation of the word, a wide range of authors has debated 

the significance of the word, and seems to have disagreements of how to define the concept in 

a more detailed sense. The ambiguity has led to various explanations of what constitutes a 

module, where the details differ from author to author. One definition that is often cited in 

literature is stated by Erixon (1998) and constitutes a module as; 

“A collection of technical solutions that perform a function, with 

standardized interfaces, selected for company-strategic reasons.”  

Standardized interfaces and interchangeability are two keywords that are frequently occurring 

in literature when discussing modules and modularization.  With interchangeable is meant that 

modules are independent units in a larger system that works together. As a whole, this system 

has to provide an architecture that enables both independence of structure and integration of 

function (Clark & Baldwin, 1999).  Following quote describes a module from the aspect of 

Clark and Baldwin;  

“A module is a unit whose structural elements are powerfully connected 

among themselves and relatively weakly connected to elements in other units. 

Clearly there are degrees of connection, thus there are gradations of 

modularity” 

The distinct function units, or modules, could be seen as building blocks where the interfaces 

and interchangeability is important for the possibility to combine these modules to create 

modular products that could fulfil various overall functions. It that aspect you can create 

variation and at the same time keep the number of articles low, since one part can be used as a 

building block in various products (Pahl et al., 2007). Pahl et al. also distinguishes function 

modules from production modules, where function modules works as a resource to apply 

technical functions independently or in combination with other modules whilst production 

modules are designed independently of their function only based on production conditions. 
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Observed is that the module concept often is referred to as something physical, mostly in the 

form of a sub-assembly, but according to Hölttä-Otto et al. (2012) a module could also be a 

function or a single element. Irrespectively, the module should be loosely coupled to the rest of 

the system.  Software is another area where modules often is mentioned and used. Parnas et al. 

(1985) explains a module from this aspect as a work assignment for a programmer or 

programmer team where each module is a group of programs (Parnas et al. 1985) (Parnas & 

Madney, 1995). An informal document called the Software Module Guide describes how the 

software is separated into modules. Each module should have a description that treats the 

module as a black-box, called MIS (Module Interface Specification). The MIS describes the 

externally-visible effects of using programs that can be aroused from the surroundings of the 

module. The modules should also be described with an MIDD (Module Internal Design 

Document) that together with the MIS functions to verify the workability of the design. (Parnas 

& Madney, 1995) 

The black-box principle is likewise implemented within product design. As mentioned, the 

specified standardized interfaces allow the modules to be loosely coupled. This makes it 

possible for each module to be treated as a “black-box” (Wheelwright & Clark, 1992, cited in 

Sanchez & Mahoney, 1996, p.65). In the automotive industry the suppliers often only receives 

a black-box specification of the standardized interfaces (functional, spatial etc.) of the module. 

This means that the design and the development are solely up to the designer (Clark & Fujimoto, 

1991, cited in Sanchez & Mahoney, 1996, p.66). 

In summary, the pervading interpretation across authors indicates that they agrees on that a 

module is a part of a larger or more complex systems, physical as well as logical.  The ambiguity 

seems to lay in its boundaries, the definition of its interfaces and the relation to other modules. 

The plurality seems to define the connection to other modules as loose and the module is 

consequently to be interchangeable.  Well-defined interfaces make it reusable in several 

variants of a product. 

3.3 REASONS TO MODULARIZE 
The demands on product design from customers, as well as the divergence of the demands, are 

habitually increasing in today’s society (Erixon, 1998).  As earlier mentioned, customers value 

high customization (Magnusson & Pasche, 2014) and tailor-made solutions, which causes a 

huge increase in the number of variants. The explosion in variants is a problem that is very 

complex to manage along with problems that regards for example; time (the demand for shorter 

lead-times); efficiency in service, logistics, recycling and sales during a products lifecycle; 

design and manufacture (production systems are dependent on product design) (Erixon, 1998). 

Erixon, among many other authors, argues that modularization is a preferable mind-set 

precisely to manage variety and complexity of products. This is largely possible because of the 

fully specified and standardized component interfaces (Sanchez & Mahoney, 1996), which 

make it possible to manage the complexity by dividing knowledge and specific tasks during the 

development of a product (Clark & Baldwin, 1999). Thus, modularization decreases the need 

for open management authority across the organizational units developing components 

(Sanchez & Mahoney, 1996) and allows decentralization of decision-making (Magnusson & 

Pasche, 2014). This in turn reduces the intensity and complexity of the firm’s coordination and 

provides it with a greater flexibility to manage more product development projects, with a 

greater variety. 
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Modularization also provides advantages linked to scale and scope in production by using 

common parts between the modules (Clark & Baldwin, 1999), one of the key factors when it 

comes to the advantages of mass customization.  A component that can be used across multiple 

variants and families of a product helps to keep down the total amount of articles, and also adds 

cost savings when it comes to the development projects since it just has to be developed once 

(Kratochvíl & Carson, 2005). The standardised interfaces add functionality and allow for an 

independent and flexible assembly of products (Andreasen et al. 1996, cited in Erixon, 1998, p. 

55).  As a result of this, companies can achieve high levels of customization at a cost that is 

comparable to mass production (Clark & Baldwin, 1999) – mass customization. The degree of 

customization is made conceivable by the possibility of mix-matching the modules (Andreasen 

et al. 1996, cited in Erixon, 1998, p. 55) into tailor-made solutions in accordance with the 

customer requirements (Jiao & Tseng, 1999). Due to the high customisation the customers in 

turn are willing to pay a higher price for the products.  

3.4 DIFFERENT ASPECTS OF MODULARIZATION 
Modularity has more aspects than the apparent physical dividing of products into different parts 

and interfaces. As mentioned before, modularity can be seen as a design principle for achieving 

multiple goals in the development, production and delivery of complex products (Sako and 

Murray, 2000). Therefore they mean that modularity can be divided in three different areas with 

different objectives in each area: 

 Modularity in design: Reduced complexity as a result of interdependence of design 

parameters, shorter development lead times through parallel development of modules 

and rapid adoption of new technology by upgrading each module separately. 

 Modularity in use: Higher product variety by offering “mix and match”-options to meet 

the customers taste. 

 Modularity in production: Flexible manufacturing by taking complex and 

ergonomically difficult tasks of the assembly line. Also postponement of final assembly 

to realise high product variety without increasing production costs. 

Cauchick Miguel and Pires (2006) have also defined this grouping of modularity with the 

addition of modularity in organization based on previous literature. Their literature study shows 

that modularity in design is about choosing the boundaries of a product and its components 

while modularity in production is about choosing plant design boundaries to facilitate 

manufacturing and assembly. The aspect of modularity in organization is related to the 

organizational process, governance structures and contracting procedures that are adopted or 

used to accommodate modular production in both intra and interfirm contexts (Doran, 2003, 

cited in Cauchick Miguel and Pires, 2006). 

Modularity in organization is an area that many researchers have been focusing on. Sanchez 

and Mahoney (1996) argues that the creation of a modular architecture enables the design of a 

modular organization which is loosely coupled and flexible, apart from creating flexible product 

design. This is also supported by Langlois (2002) who claims that modularity not only can be 

applied to technological design but also organizational design. Therefore, the coordination of a 

modular product architecture are not limited to only product development processes (Sanchez 

and Mahoney, 1996). They believe that the flexibility in product development achieved by the 

standardized interfaces of modular architecture also applies to the design of marketing, 
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distribution and other processes. Thus, modularity can be a way to achieve flexibility and 

connectivity among broadly disintegrated organizations. 

3.5 PRODUCT PLATFORMS IN COMPARISON TO MODULARIZATION 
Another approach to deal with the demand for product variety and customized products besides 

modularization is applying product platforms (Magnusson and Pasche, 2014). Meyer and 

Lehnerd, 1997 (cited in Muffatto, 1999), defines a product platform as: 

“A relatively large set of product components that are physically connected 

as a stable sub-assembly and are common to different final models.” 

Moreover, product platforms can be regarded as a set of subsystems and interfaces that form a 

common structure from which a stream of derivative products can be efficiently developed and 

produced (Meyer and Lehnerd, 1997, cited in Magnusson and Pasche, 2011 and 2014). A broad 

definition of product platforms is formulated by Robertson and Ulrich (cited in Magnusson and 

Pasche, 2014), which says that a product platform is a “collection of assets that are shared by a 

set of products”. According to Halman et al. (2003), a platform is always linked to a product 

family. Therefore, summarizing these definitions, product platforms can be seen as key 

components shared within the product family (Meyer and Utterback, 1993) where the platform 

work as a stable core and external components are added to create a product.  Apart from the 

shared core of components mentioned in all definitions, Mahmoud-Jouini and Lenfle (2010) 

also adds another aspect to consider regarding product platforms; standardized interfaces. 

According to them, the set of components that constitute the stable core is physically connected 

through standardized interfaces.  

As can be seen there are many similarities between product platforms and modularization and 

they are also applied by firms for mainly the same reasons; being able to offer a customized 

product at relatively low production costs (Magnusson and Pasche, 2014). This might also be 

the reason why modularization and product platforms are often not clearly differentiated but 

rather seen as two variants of the same basic idea. Although modularity and product platform 

development are closely related (Muffatto, 1999), the lack of attention to the differences 

influence how useful and applicable the approach will be in different settings (Magnusson and 

Pasche, 2014).  

One of the main differences is the economic effect of the two concepts. When developing 

product platforms, there is a stronger focus on commonalities in contrast to modularization. 

This in turn leads to lower production costs for the platform components since they are shared 

by many different products and are therefore produced in high volume. The development time 

can also be shortened, as new products can be based on the existing platforms. The economic 

benefits of product platforms therefore lie in the reuse of components and systems, whereas 

with modularization the economic effects are achieved by lower integration costs. To achieve 

this, the standardized interfaces are the key, as they allow modules to be shared across products. 

The standardized interfaces also allow one module to be upgraded without changes in another 

module, which leads to easy upgradability and introduction of new components in existing 

designs. (Magnusson and Pasche, 2014). 

When considering applying modularization or product platforms, the customer demands and 

speed of change in the market must be considered. When it comes to customer demand, it is 

important as a firm to know what the customers value; large customization to higher prices or 
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cost-effective functionality. In cases where customers are prepared to pay more for a 

customized product, a modular approach is preferred while product platforms are more suitable 

when the customer wants functionality to a lower cost. The same counts for speed of change. 

Modularization is well suited for high rate of change due to the ease of upgrading while product 

platforms require the product platforms to be relatively stable over time, which is better suited 

for a market with lower rate of change. (Magnusson and Pasche, 2014).   
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4 DIFFERENT ASPECTS OF MODULARIZATION AT SCANIA 
To get a perspective of the perception of modularization from different views within Scania, 

interviews were held with 13 employees allocated on 6 functions of the organization. Further 

information about the method for the data collection and analysis can be found in Chapter 1.3, 

and the questions asked during the interviews can be found in Appendix 1. The compilation of 

the result from the interviews is presented in Chapter 4.1-4.6, function by function. 

The interviewees have been answering the questions from their own perspective, and the 

expressions that are used in connection to the description of the product and modularization is 

defined according to the interviewees’ perception of their significance. To get the right picture 

of the apprehension of the different functions, such expressions (component, part etc.) are 

defined from respective view in Appendix 2.  

4.1 RESEARCH AND DEVELOPMENT 
Interviews were conducted with three interviewees with positions within the area of research 

and development (R&D). Details regarding the positions of the interviewees are presented in 

Table 1. 

Table 1. Table of interviewees within Research and Development. 

Interview 

ID 

Years at 

Scania 

Department Job assignment Product 

knowledge 

R&D1 4 years Just switched from 

Geometry 

Assurance and 

Testing to Chassis 

Components Rear 

Previous assignments; 

 Geometry assurance. 

 Assemble future cars for digital 

analysis, simulations, etc.  

 Layout-group. 

Current assignments; 

 Design group for the exterior of the 

truck. 

Knowledge 

about the whole 

car, except for 

the inside of the 

parts (e.g. cab, 

gearbox, 

engine).  

R&D2 19 years Technical Product 

Planning 
 Responsible for the overall roadmap. 

 The department consists of three 

groups;  

 Conceptual development and 

development of the 

“bygglåda” 

 Customer applications and 

understanding of the customer 

 Fuel consumption 

 Overall responsibility for the 

modularization material and the 

modularization knowledge 

 

Knowledge 

about the whole 

car, but slightly 

more regarding 

the chassis. 

R&D3 15 years Technical Product 

Planning 
 Responsible for the “bygglåda” and 

its development over time. 

 Product planning and some product 

controlling. 

Knowledge 

about the whole 

car. 

 

4.1.1 THE CONCEPT OF MODULARIZATION 
According to R&D modularization is a way of thinking that permeates the higher level of the 

principles. It is also referred to as a method to be able to meet the specific demands of the 

customer in a smart way, to an affordable price.  
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For R&D the concept of modularization is strongly linked to commonality, and their perception 

is that Scania has broadened the concept of modularization to also be about how to reuse parts 

in many places. Common parts should be able to be used in several solutions, e.g. irrespective 

of hose the same bracket is used. Also, the same parts, or a bunch of different parts, can be 

combined in different ways to create different performance steps of components. If there is no 

need for different performance to fulfil the need of the customers, the solution should be 

identical for all customers, which is also linked to reuse. The principle of reusing is not only 

applied on parts and components, also other solutions (e.g. interfaces) should be reused to 

highest possible extent. 

According to R&D modularization is also about making “everything fit with everything” (for 

an ideal case) as far as possible. Standardized interfaces are a presumption for this, and by 

making them resistant over time no extra work is needed to make additional components or 

performance steps fit. Subsystems should be interchangeable, a property that also is provided 

by the standardized interfaces. E.g. the ability to replace an engine against another without 

being forced to change the whole environment, it should still fit – the connectors should always 

look the same. The interfaces also creates independence to parts, e.g. a cab has interfaces 

towards chassis, which means that chassis do not have to care about which cab that will be 

mounted on it.  

Various methods are used to support the principles of Scania, and R&D has presented some of 

the practical tools that they connect to modularization. The product description and the variant-

coded product structure are examples of such tools, as well as filtration by conditions in the 

product structure. 

As mentioned, R&D perceives the variant-coded product structure as an example of a concrete 

tool for modularization. The structure describes all the variants of Scania’s product, where 

variant codes are used to separate them. Conditions describe which combinations that are 

effective, which makes it possible to motivate relationships in the structure and describe the 

limitation of the parts. With the variant codes and their conditions the reason for why the part 

is not made more universal forces to be challenged.  

The standardized interfaces are also perceived as a method or a tool for modularization, in that 

aspect that it is something to relate to when developing the product. The designing departments 

construct from the interfaces and their conditions, they have to stay within the boundaries of 

the defined interface for each specific component. Parts of R&D also act as control function 

and ask questions to ensure that the interfaces are standardized over time, and that they fulfil 

their requirements. When it comes to documentation of the interfaces it seems like different 

departments have reached different stages. For example from the perspective of the layout-

group, the interfaces have begun to be documented, described in CAD, stored and also added 

into the structure.  

As mentioned earlier, modularization according to R&D has a great focus on the reuse of parts 

to keep down the number of parts in Scania’s “bygglåda” (see Chapter 2.3). To follow up the 

relation parts versus variants, Scania uses the method VPT (Variant Part Tracking). How many 

parts are there and how many variants can be offered? The goal is to offer more with less.  

When it comes to education regarding the concept of modularization, R&D has courses for new 

employees that are primarily held for employees specifically at R&D. But they also want parts 
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of the knowledge to be collected from competent and experienced persons out in the 

organization. R&D believes that the principles of modularization are a question of maturity, 

and you have to work with it and hear it over and over again to really build an understanding 

of the concept. There are also discussions about having a more organized intermediate course 

for the employees regarding the subject, which is of great importance since Scania is a growing 

company with a large turn-over of people. Today everyone is not completely sure about what 

it implies, and with no deep-going education and clear definitions within the subject it may be 

even more unclear.  

To sum up, the results of modularization are according to R&D the possibility to offer more 

with fewer parts. Due to the ability to modularize on several levels the amount of combinations 

is huge, which makes it possible to deliver a product that is tailor-made on the basis of the 

demands of the customer. The customer can get exactly the car he or she wants. Modularization 

also requires less resource, e.g. fewer parts can be managed by less administration, which 

requires fewer employees.  Overall, modularization eventuates in a profitable Scania. 

4.1.2 THE PERCEPTION OF A MODULE 
When it comes to the term “module”, and what it actually signifies, the interviewees from the 

department of Technical Product Planning within R&D (see Table 1) have no apprehension. 

The word is not used within the department and the interviewees do not consider that Scania 

even have modules. Correspondingly words as components, parts and performance steps are 

used, which in turn are said to be modularized. Both interviewees agree on that other employees 

within the company uses the term in some aspects. But overall the attitude to the concept seems 

to be negative, and an implementation of the term is not seen as desirable. 

The perception of a module from the perspective of the first interviewee, see Table 1, 

distinguishes from the two other interviewees within R&D, in the sense that Scania definitely 

have modules. The modules can be found both from what the interviewee refers to as the 

“classic definition of a module” as well as from at specific Scania way of defining a module. 

What distinguishes Scania’s modularization in this aspect would be that the company has gone 

really far when it comes to commonality. Classical modules are here referred to as separate 

packages that do not have anything in common, and not as packages with the same amount and 

types of parts that are combined in different ways. The latter corresponds to Scania’s way of 

modularizing.   

According to this interviewee a module is not restricted to refer to something big and could 

refer to particular parts as well, as long as interfaces retains. This means that modules can be 

found at every level in the product structure; it could be a composition of parts as for example 

an engine, or a single part as a button on a steering wheel. With standardized interfaces the 

modules can be seen as subsystems that are interchangeable towards other parts, and it should 

not affect surrounding systems if one module is exchanged. A module does not have to be 

physical, it could as well be found in software or in a virtual interface. It could even be defined 

as air, a space that you want to keep empty.  

A reason for why it is sensitive for employees at Scania to use the term according to this 

interviewee could be that by calling it modules it would be a simplification of Scania’s way of 

working, since it then may be associated with the “classical module”.  All interviewees from 

R&D agree on that the language within the organization of Scania is not consistent, and that 

this could be confusing. The attitude regarding whether to use the term or not, and create a clear 
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definition of what it actually is, seems to differ within the department. It is either found as 

unprofitable or as of some importance.  

4.2 PRODUCTION 
From the area of production two employees have participated, who both have been working at 

Scania for over 25 years. The participants are operating in different sections of the production 

function and therefore their work tasks differ. Detailed information about the interviewees in 

production is found below in Table 2.  

Table 2. Table of interviewees within production. 

Interview 

ID 

Years at 

Scania 

Department Job assignment Product knowledge 

P1 28 years P&L IT Portfolio 

Management 
 The department function as a 

central production technical 

team building Scania´s plants. 

 Internal consultant within the 

fields of automation and control 

systems. 

Work with Scania´s 

whole production 

system globally, which 

brings a close contact 

to all of Scania´s 

products. Previously 

employed at 

transmission 

manufacturing. 

P2 39 years Project 

Management 

Project leader within chassis 

assembly and diverse projects 

within R&D, aftermarket and IT 

affecting the production systems. 

Work with system 

questions related to the 

tools for product 

description in 

production rather than 

the actual product. 

 

4.2.1 THE CONCEPT OF MODULARIZATION 
The participants from production define modularization as a way to relate to how the product 

is described and it is believed to result in a more rational way to manage the product. Therefore 

modularization is seen as very central at Scania. While the second interviewee, see P2 in Table 

2, explain modularization as an act of grouping items that you can describe in a similar way, 

the other interviewee simply describes modularization as the effort to strive after modularity 

which in turn is a property. The mutual view is that modularity is equal with an arranged 

structure, whether it is applied on physical items and grouping of them, an organizational 

scheme or functions.  

Modularization are, as mentioned above, seen as a way to handle the product and with the 

complexity of Scania´s product it is from production believed that modularization is the only 

way to manage that complexity. One of the interviewees was employed a few years before the 

modular system was implemented, and mentions that Scania then had a variant flora that was 

very hard to handle. The modular way of thinking gave Scania fewer parts, which lead to more 

room of evaluating possible combinations and an overview of possible variants. Today, the 

interviewees believe that the modular system is the reason why Scania´s customers can specify 

the product at a very low level. 

Three main aspects regarding modularization are mentioned during the interviews; reuse, 

interfaces, and combination. The core of Scania´s modularization is said to be the “building 

blocks” that are ensured to be combinable and therefore support a mixing of components. This 

is ensured by standardized interfaces, which encapsulates the functions and features of that 
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specific component. As for reuse in production it refers to the reuse of production activities and 

tools, and the aim is to not have many solutions for one task and to make sure that similar tasks 

are solved with the same solution. What is pointed out in the interviews is that the way of 

thinking regarding modularization and functions in production is not the same as how a modular 

way of thinking is applied on the product. In production, there are no definition of 

modularization which is believed to be a result from the fact that the product is seen as Scania´s 

own while production is not. 

As mentioned, modularization does not have any definition within production and based on the 

interviews modularization seems to be a more subconscious way of thinking rather than 

something that is actively discussed. Both interviewees mention that they have had no education 

regarding modularization at Scania but instead they have learned by their own curiosity and by 

their colleagues. What is clear from the interviews is that the main method to achieve a modular 

production is connected to different kinds of reuse, which also ensures that all variants can be 

managed by the production system. When developing production systems, one task should have 

one solution. One example of this is how the production lines are designed. The component 

being manufactured have a set of properties and the line should then be equipped to handle the 

properties of all its variants. Therefore the line is reused for all types of the same component. 

Another example of reuse is how the product and process engineers prepare assembling of the 

product, where they consider all variants and adapt the tools to fit everything making sure that 

all variants can be assembled. By doing this the same tools can be reused for all variants.  

Apart from reuse in tools and assembly sequences, part of the modularization aspect of 

production is to function as follow up for design. The assembly structure is described in a 

system separate to the design structure and when the assembly structure is prepared, drawings 

and documentation is studied and the modularity of the current design is evaluated based on the 

experience of the employees preparing the structure. If there seem to be a lack of modularity, 

feed-back is given to the R&D-department with a request to re-construct or re-describe the 

particular part. This particular action is mentioned as one of the times when production is 

actively discussing modularization. 

From a production aspect, one main advantage with modularization is the flow that it creates 

where Scania can be flexible in both the assembly of a specific part as well as in the assembly 

sequence. There is also flexibility in being able to both administer and make design changes 

that are based on the dynamics of that all variants are visible and in front of you with the way 

Scania applies modularization. Another important aspect in production is that even though new 

combinations are introduced there are always knowledge on how that variant should be 

assembled thanks to modularization, since the parts themselves are known which makes the 

product known. Modularization also allows for something called standardization, a concept that 

in some cases is mistaken to be perceived as the same thing as modularization. Further, 

standardization can be described as a concept where something (components, products, 

processes, methods, etc.) is used extensively. In the usage there is regularity, repetition and a 

successful practise as well as foreseeability (Gibb & Isack, 2001). An example of 

standardisation is when you enable the same screw joint to be used in all products, which allows 

for lower costs as well as better flow in the assembly.  
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4.2.2 THE PERCEPTION OF A MODULE 
The term module is not something that is used in production but the interviewees have however 

an opinion of what constitutes a module. That opinion differs among the two participants, where 

one (P1) describes a module as an encapsulated unit which through interfaces hides the inner 

behaviour, meaning that the inside of a module is nothing that has to be known to all. The other 

participant agrees that the module is a demarcated description of something but emphasises that 

there has to be a clear description of the content of a specific module in relation to other modules. 

This is seen as important in for example purchasing situations where one has to be able to 

specify the content. 

While discussing whether a module is a physical unit or not, there are diverse opinions in that 

matter as well. One of the interviewees claims that a module rather describes properties than 

anything else, and therefore the module cannot even be something physical but is a component 

that is built-up as a module with the specific properties and then encapsulated. The term module 

can then only be used for the properties of that component and not the actual physical 

component. The other interviewee agrees that a module could be something non-physical, such 

as an activity in an assembly sequence, but also sees the module as a composition of physical 

parts that are specified. The term module then represents the actual physical or non-physical 

composition and not just a set of properties.  

Despite their different opinions regarding the definition of a module, both participants agree 

that Scania has modules but that the term is not something that is used and discussed in the 

daily work in production. Instead they use the term component, which one of the interviewees 

equates with the term module. In the world of R&D the term module means something but as 

one of the participants points out; in production you have to break the module down no matter 

what the content is in order to be able to manufacture and assemble. You have to build the truck 

from one component with another and then yet another, until you have the whole truck where 

different components of a module can be assembled at different locations. Therefore, in 

production you cannot work with the module as it is described in the final product but in the 

end it is the same module. Apart from the actual product, both interviewees agree that other 

modules can be found in production as well for example tools or an assembly sequence that can 

be reused no matter what type of product is assembled.  

Since the term module is not something that is used in production, one of the interviewees 

points out that whether or not the word module is used to describe specific units or parts is not 

important. However, both agrees that a common language at Scania is important in order to 

move forward in being able to reuse information in a larger extend than what is done today but 

whether the term module is used or not is not what is important. More than facilitating reuse, a 

common language would prevent problems caused by misinterpretations due to differences in 

terms and language. 

4.3 SALES AND MARKETING 
When it comes to sales and marketing, two employees have participated in the research. Both 

of the participants work with the supporting system that helps the sales persons and distributors 

to specify a car for the customer, depending on which country the car is sold in. Detailed 

information about the participants in the area of sales and marketing are found in Table 3.  
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Table 3. Table of interviewees within Sales & Marketing. 

Interview 

ID 

Years at 

Scania 

Department Job assignment Product 

knowledge 

S&M1 31 years  Scania 

Production, 

Zwolle. 

 Product 

Configuration  

 

 Product configuration. 

 Convert technical specifications 

from the design structure to 

specifications used in the support 

system ETEL, which helps the 

sales persons configure a truck. 

 A market layer is added to 

the specification. 

 Restrictions for 

configurations in different 

countries are added. 

The task includes 

managing the 

variant codes, 

which result in 

good overview of 

the large 

components but 

no details.  

S&M2 >12 years Product 

Configuration 
 Product co-ordinator. 

 Convert technical specifications 

from the design structure to 

specifications used in the support 

system ETEL, which helps the 

sales persons configure a truck. 

 A market layer is added to 

the specification. 

 Restrictions for 

configurations in different 

countries are added. 

The task includes 

managing the 

variant codes, 

which result in 

good overview of 

the large 

components but 

no details. 

 

4.3.1 THE CONCEPT OF MODULARIZATION 
From the point of view from sales and marketing, modularization is about having few parts that 

can be combined in many different ways. One of the interviewees explains it as standard 

components that in combination with each other create a large flora of variants, which means 

that as a customer many different specifications can be made from the same components. In 

addition, modularization creates a uniform image of what a Scania looks like, which both 

interviewees sees as an advantage. You can for example have different type of cabs, large or 

small, but still have uniformity that can be important for customers with many trucks. Also the 

uniformity inside of the cab makes it easy for the driver to find the right levers and buttons etc.  

In order to have a large combinatorics, it is important to already in the beginning of a new 

design have in mind that it have to fit many different types of trucks in order to not end up with 

a new design for each new type of car, which also results in less design work. However, as one 

of the interviewees points out, the closer you get to the market the more “wheeling and dealing” 

you have to do since the customers have different needs or want something else than what have 

been decided by the designers. To meet some of these demands, there is something called S-

order where a customer is able to buy a configuration that Scania does not generally offer. 

When it comes to actively working in a modularized manner, one of the interviewees (S&M1) 

mentions that they just use what is given to them by the designers which means that their tasks 

are not directly associated to modularization. Instead of creating something, they just forward 

what is done by design to the market and modularization therefore play a minor role in the 

function of sales and marketing. Even though the way in which technical specification is 

converted to the sales support systems are as modularized as possible, there are as mentioned 

above many exceptions the closer you get to the market. As the variant codes are converted, 
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one of the participants mentions that what R&D has designed is reviewed and evaluated 

according to what is possible to sell where. Based on that, market packages are created with 

consideration to the area in which it is to be sold since what is possible to sell in Europe might 

not be sellable in Asia or Africa. Sometimes even what is sold in Northern Europe cannot be 

sold in Southern Europe. Because of the different markets it is also difficult to modularize the 

making of the packages, there are simply too many parameters to consider in excess of the 

modularization parameters.    

When a Scania truck is sold there are lots of options for the sales person to consider when 

configuring it. In order to facilitate for the distributors and sales persons, the variant codes from 

the design structure are grouped in the configuration tool so that instead of answering 4-5 

different variant codes only one has to be answered. When an option is chosen, the order is 

complemented with all the technical variant codes that the specific option includes. For example, 

there is one variant code for the sales person that includes both cab-type, the length of the cab 

and the height, which means that there is only one option to make regarding the size of the cab 

instead of three. By grouping the variant codes from the design structure the number of options 

for the sales person is reduced to approximately 750. Even though 750 options might seem a 

lot one of the interviewees claims that with Scania´s way to modularize there are less for the 

sales persons to keep track of. 

The result of modularization is in the end better flow and use of resources. To have less parts 

means that the availability of spare parts increases which in turn ensures value for the customer 

when showing up at any workshop for reparation. Less parts also means that there are less to 

maintain, manage and develop which both means that less staff and subcontractors are needed 

and that the lead times from order to delivery can be shorter. The uniformity of the different 

variants as discussed in the beginning of the chapter also means that the flow during 

manufacture and assembly are increasing, since most of the variants can be handled by one line 

without changes. Due to that, the number of cars that can be assembled and completed each day 

are also increasing. 

4.3.2 THE PERCEPTION OF A MODULE 
From a point of view from sales and marketing, the term module is a component or function 

that is available for a customer to specify when ordering a Scania. As one interviewee mentions 

a module could for example be an air deflector, which is a choice for the customer. Either you 

want that function as a customer or you do not, and if you want the function, the component 

always looks the same no matter which cab you choose. This is the second thing that 

distinguishes a module according to the interviewees from sales and marketing; a module is 

something that can be used in more than one variant of truck and it has several fields of 

application. Therefore when designing a module, the designer should always strive to make a 

design that is reusable in as many executions as possible. 

On whether a module is something physical or not there are diverse opinions among the 

interviewees from sales and marketing. One (S&M1) says that a module is always a physical 

component, or function as the interviewee prefers to use, while the other participant (S&M2) 

believes that the term is applicable in several other areas than for physical parts in the trucks 

and busses. For example, when grouping variant codes to facilitate for the sales persons one of 

these groups of variant codes can be seen as a module. Also in terms of composition of a module 

the opinions differ. The first interviewee thinks that a module is a component, meaning that a 
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module is always made up of several parts while the second interviewee means that it does not 

matter. A module could be made up of several parts as well as only one.   

That the meaning of the term module is not consistent is something that both participants 

mention even though they both believe that Scania has modules. One of the interviewees points 

out that the term module is not something that is often used or heard in the daily work, but 

instead they talk about modularization. But even so, a consistent definition of the term is seen 

as important which also goes for the other expressions often used such as component and part. 

The difference in the perception of the term module is said to be depending on which 

department or in which function you are working, where different departments interpret the 

term in different ways. An example that is mentioned during one interview is that R&D and 

market have a different way of thinking when it comes to modules. While R&D thinks that 

what is designed will fit every customer and it is decided how it should be used, the market side 

that is closer to the customer realises that more possible options are needed to satisfy them. This 

is creating a bit of tension between the two different functions.  

4.4 AFTERMARKET 
Within the area of aftermarket, two employees with different positions regarding service 

information were interviewed. Details regarding the positions of the interviewees are presented 

in Table 4. 

Table 4. Table of interviewees within Aftermarket.  

Interview 

ID 

Years at 

Scania 

Department Job assignment Product 

knowledge 

A1 21 years Global Technical 

Support Europe 
 Part of commercial operations 

 Help distributors with technical 

questions that are received. 

 Support in questions regarding 

rebuild.  

Knowledge about 

the whole 

product. 

A2 >25 years Technical 

information 

Chassis, cab, body 

 Technical editor 

 Method engineer for reparation 

methods.  

 For example; run protocols for 

technical meetings and monitors 

product changes that appears in 

predevelopment contexts.  

 Function as a senior in a pretty 

wide context. 

Knowledge about 

the whole 

product, but have 

also worked a lot 

with automatic 

gear boxes and 

emission control 

etc. 

 

4.4.1 THE CONCEPT OF MODULARIZATION 
The perception of modularization according to aftermarket is consistent, but not that distinct. 

Both the interviewees believe that the main benefit with the concept is the capability to create 

more products from fewer parts. This is by both compared to the mind-set of the concept 

“LEGO”, to have few components (“modules”) that can build many different variants.  

One of the interviewees also considers modularization as something generic with one of the key 

aspects to not develop anything for one application only, always prepare for many related 

executions. In addition to this the other interviewee also believes that modularization is about 

the ability to design modules totally separate, regardless of where it should be placed. For 

example if the engine is called a module, it can be designed without considering in which 
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vehicle it will later be placed. A module should also be possible to order separately and to use 

basically anywhere, but it is believed that Scania has not brought the concept to that extent yet.  

When it comes to methods for modularization aftermarket works a lot with a database stored in 

the product called SOPS (Scania Onboard Product Specification). This resembles the DNA for 

a specific vehicle and is consequently a way of describing the characteristics of the vehicle with 

variant codes. When a vehicle is rebuilt, the concerned characteristics are changed by 

exchanging the variant codes, followed by a check if the new configuration is valid or not. 

Another method is to reuse, and for aftermarket one aspect is the reuse of service descriptions. 

Service descriptions should not just suit one model, but all closely related vehicles. Functions 

and work descriptions should be modularized in that aspect that they are not described several 

times, and are described for each unit instead of for each “model” (a consequence when having 

a model-based product description). In that way, changes made in units have direct impact on 

all variants with only one update. If it were not modularized in this aspect, changes in a unit 

would have to be made in each configuration where that specific unit exists. Mentioned was 

also “incremental improvements”, which is a method that is well rooted in the organization, see 

Chapter 2.3.  

Both interviewees remember participation in some kind of basic education regarding 

modularization when they started working for Scania, but gained no detailed knowledge from 

this. One interviewee also mentioned that Scania has something called “train the trainer” where 

employees from different areas can learn from each other and then carry the knowledge forward.  

This function also presents several results that can be directly linked to modularization, as an 

effect of above mentioned principles and methods. Modularization gives the ability to combine, 

to create wide opportunities for combination of different components in a fairly easy way. It 

also results in fewer parts and with that, less administration. One of the interviewees also 

believes that this brings higher quality to the product, since more focus can be put on each part. 

It also brings higher quality in the aspect of ability to support the product retrospectively, e.g. 

since it results in fewer parts in the reserve stock. The amount of parts, and the fact that the 

same parts are used in many vehicles, means that the workshops can afford to have spare parts 

in stock since they can be sure that someone is going to need them. 

The big opportunity for combinations allows for huge preferences for the customer, which 

results in receiving a vehicle that is very close to fulfil the exact needs of the customer.  

In the end, the final result is that Scania earns money, which is the main reason for the company 

to practice modularization.  

4.4.2 THE PERCEPTION OF A MODULE 
According to the interviewees from aftermarket, Scania do have modules. A module is referred 

to as something that can be reused in more than one application, in one way or another, and 

preferable in as many applications as possible. In contrast to a component, a module is 

something that is intended to be a part of the modularization, in the aspect that it is intended to 

be used in several applications. This is something that one should not instinctively think about 

a component according to the interviewees. A module does not need to be something physical, 

and according to one of the interviewees it could not possibly be physical at all.  
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The interviewees believe that everyone at Scania subconsciously think of modules, even though 

some may assert that there is no such thing at Scania. Besides, most employees think of modules 

as the larger components of the vehicle, as for example engine, chassis, cab etc. But according 

to the interviewees a module could be basically anything, even a screw really, that could be 

reused. 

Overall, the definition of what constitutes a module at Scania is unclear and the term is not used 

in practical. Employees do not speak of “this and that module”, but rather about what it actually 

is. That Scania does not have a consistent language is something that definitely could cause 

problems in communication according to the interviewees.   

4.5 PRODUCT COORDINATION 
The objective of a product coordinator is to describe and document the product that has been 

designed by R&D in the design structure.  Their task is to prepare the structure and deliver it to 

production and market. A part structure is delivered to the production side describing which 

part numbers are to be used for a defined specification from a customer and to the market side 

the structure defines the rules for configuration.  As well as for most of the other functions, two 

employees within product coordination have been interviewed. More information about the 

participants is found in Table 5 below.  

Table 5. Table of interviewees within product coordination. 

Interview 

ID 

Years at 

Scania 

Department Job assignment Product 

knowledge 

PC1 20 years Product Structure  Product coordinator, mostly for the 

electronics. 

 Customization of the product 

description, S-orders.  

Deals with the 

whole product 

apart from the 

cab.  

PC2 15 years Product Structure 

Chassis 
 Product coordinator for chassis and 

axles.  

Prepare the 

design structure 

for chassis and 

axles.  

 

4.5.1 THE CONCEPT OF MODULARIZATION 
From the interviews it is clear that from the perspective of product coordination, two important 

aspects for modularization are reuse of components and well-defined interfaces. Apart from 

that, modularization is described as few dependencies among modules resulting in a flexible 

installation. One of the interviewees mention that a clear example of modularization is when a 

component can be used in many different environments and at the same time refers to one of 

Scania’s principles regarding modularization; same need, identical solution. This means that 

before designing something an inventory of what has been done before should always be made, 

for example if the same length of screws can be used in several applications they should be used 

instead of a new length being introduced.  

When it comes to interfaces it is mentioned that modularization requires them to be well-defined 

and that it is the interfaces that decides how parts can be combined with each other. That the 

interfaces are important and a source for many possible combinations of components is always 

considered and it is also why it is possible to have a large variety of executions with few 

components. This is both cost effective and results in a product that fulfils the customer’s needs. 

That is something that Scania is good at according to one of the participants, who say that 
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Scania has many more possible options for a customer than its competitors. Other things that 

are mentioned to distinguish Scania are the fact that there are no defined models with a defined 

content and the way the product is described with a generic structure including all performance 

steps. 

When dealing with S-orders, see Chapter 4.3.1, one interviewee mentions that the benefits of 

modularization becomes clear.  When dealing with an S-order, the customer is asking for 

something that Scania does not offer due to for example lack of test on that particular 

configuration or lack of single parts. But the standardized interfaces make it possible in many 

cases to configure that particular order anyway or in some cases add a few parts to fulfil the 

customer’s needs.  

In terms of methods, one of the interviewees points out that all of the methods used by a product 

coordinator are there to support modularization but Scania´s “bygglåda” (see Chapter 2.3) does 

not deal with modularization only. It also deals with the glue kit that is there to realise 

modularization in terms of the rules for how things can be combined with each other. Therefore, 

it is important to have methods for documentation of the rules. The product description in the 

design structure should support all of Scania and for all functions, modularization might not be 

the first priority and every function has different needs regarding the product description. For 

example in production, the first priority might be that a truck should be built and it is important 

as a product coordinator to support that as well when describing the product. Since all parts of 

Scania do not look at modularization from the same point of view, compromises have to be 

made in order to both support modularization and the different needs of the organization.  

Even though compromises have to be made to support the whole organization, there are ways 

in which the description of the product can be modularized. One of the participants presents a 

new way of describing the product that have been tried for pressure tanks, where one coordinate 

system for that tank is reused, which has dependencies to all parts included in the pressure tank. 

When describing the pressure tank in different positions on the chassis, only the position of the 

set point has to be re-described since the dependencies make sure that the other parts keep their 

position in relation to that point.  This results in less effort when describing different positions 

of a component and it is easier to move that particular component to another version of vehicle. 

To also facilitate modularity when designing, several main coordinate systems are described to 

make sure that a component can be shown in its right place in several environments at the same 

time. For example an exhaust silencer can be viewed in a truck with one axle, two axles and in 

a bus at the same time to optimize the exhaust silencer for all its applications.  

As far as for the language used regarding modularization, one of the two product coordinators 

mentions that there is no common language when it comes to modularization. Instead the 

concept of modularization is a broad concept that can be difficult to grasp. However, regardless 

of the fact that there is no common language the participant believes that Scania has a common 

way of thinking regarding modularization. That way is to not standardize but at the same time 

not construct anything new when there already is something on the shelf that is basically as 

well suited.  
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4.5.2 THE PERCEPTION OF A MODULE 
From a general point of view, a module is described by the product coordinators as something 

with standardized interfaces which can be placed with the same purpose at different positions 

in the product and that can be combined with other modules. One of the interviewees also 

mentions that the description of a module should include some defined properties for that 

module, for example the material, the volume etc. But both participants agree that the module 

have to be described in its context and that both the context and the component create the 

module. For example, an axle itself is a component but placed in the truck in the right context 

the module is created. Therefore, included in the term module are also the parts necessary to 

attach in its position. What are also mentioned are dependencies that the module has to its 

environment. In order to install a module you need to know the relationship among modules 

and therefore you must have conditions related to the environment of the module and not just 

conditions directly related to the module itself.  

One of the interviewees mentions that it is easy to imagine a module in terms of physical aspects, 

such as a volume or a component. When it comes to volume, it is an important aspect when 

working with chassis installation. There are a lot of components that should be placed on the 

chassis and in order for everything to fit and for the installation to be flexible it is important 

that the components stay inside their interfaces, which is a problem today.  

As for many others, the term component is more frequently used than module but the word 

module appears from time to time especially when talking about larger components such as 

gearbox and engine. As mentioned before, if it is a module or not is not only physically defined 

but the physical parts also need a context. One of the participants mentions that there are 

projects where some parts have been called a module because of the context in the project but 

when asking someone outside the project team that particular part is just a part number. The 

fact there are no common language or a clear nomenclature at Scania describing modularization 

creates problems according to one of the interviewees. The interviewee also says that it is very 

difficult to give unequivocal definitions of the terms module, component, part etc.  

4.6 SOFTWARE 
Interviews were conducted with two employees with positions within the area of software. 

Details regarding the positions of the interviewees are presented in Table 6. 
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Table 6. Table of interviewees within Software.  

Interview 

ID 

Years at 

Scania 

Department Job assignment Product 

knowledge 

S1 24 years Diagnostic 

Communication and 

Product 

Configuration 

 ECU (Electronic Component Unit) – 

configuration. 

 Especially parameterization 

 

Earlier experiences within Scania;  

 IT system development.  

 Production system, design 

system etc.  

 Within the assembly organization 

with material planning, production 

planning and with users and receivers 

of system solutions. 

 As production engineer in the chassis 

workshop.  

 

Mainly 

electrical 

systems, but 

also knowledge 

from chassis.  

S2 24 years Applications for 

ECU Software 

Configuration and 

Update 

 Create production tools, SPCT 

(Scania Production Computer Tools).  

 Work with tools for R&D.  

 Function owner for theft, lock, alarm 

etc.   

 

In between the 

business 

systems and the 

product, 

therefore have 

knowledge 

about both 

parts.  

 

4.6.1 THE CONCEPT OF MODULARIZATION 
The interviewees within the department of software experienced modules already in school as 

something within software specifically, since software is divided in different modules. Within 

software it is mentioned that the term component is often used, which basically have the same 

meaning as a module within this area. However, it is understood among the participants that it 

is not only software that is modularized within Scania, but also the physical components and 

parts are perceived as modules. Even though the interviewees have the perception that modules 

are used in software, it is also mentioned that modularization has a very large mechanical focus. 

When speaking of modularization, people do not use the same language within software and 

hardware. One of the interviewees therefore believes that separate nomenclature is needed 

within the different functions to keep the different business separated from each other. 

Modularization is to build systems with pieces similar to LEGO to create specific characteristics. 

The content of the “piece of LEGO” is unimportant, it is the interfaces between the pieces that 

are. The interfaces are, according to the interviewees, more frequently used in the world of 

software but is also being introduced to the mechanical world.  

With modularization one is decoupled from dependencies and things are developed to fit 

basically anywhere. A part could be used separately, or in combination with something else to 

get other characteristics. Modularization is also about interchangeability, to have parts that are 

interchangeable. 

Methods linked to modularization used within software are difficult for the interviewees to 

express. Though, one method that was mentioned during the interviews regarded traceability 

and compatibility. By giving the systems part numbers, earlier updates can be traced. It also 
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makes it possible to see the compatibility of systems, to keep track of what is compatible with 

what. At some point the backward compatibility ends and a new release of hardware may no 

longer be compatible with one of the older releases of software.   

One result of Scania’s way of working is the low amount of parts in the “bygglåda” (see Chapter 

2.3), since one part can be used in many configurations. Though, one of the interviewees 

believes that this is rather a result of standardization than of modularization. Modules may be 

a part of standardization as well, but it is doubtful that the low number of parts is a result of 

having modules. However, it is hard to see what kind of effect modularization has on the mass 

of parts according to the interviewee. The low number of parts also means that less logistics is 

required, which in turn means saving money.  

Modularization also results in a smoother organization of projects and less control is needed. 

By dividing the product into modules, development projects can work separately with a specific 

module instead of working on the whole scope. Another result that one of the interviewees 

mentioned is that modularization promotes rapid development, the ability to answer to changes 

quickly, and that this also is some indication of the degree of modularization within a company.   

4.6.2 THE PERCEPTION OF A MODULE 
According to the interviewees from the department of software a module is built from one or 

several components, with a specific field of application. Applied on the Scania-truck it would 

be comparable with for example axles, cab and chassis, which in turn could be separated into 

modules as well. That will say, modules can contain other modules.  

The interfaces are something that is perceived as important for modules, since they must be 

possible to assemble. A module should also be possible to use in many places and without the 

interfaces it would be difficult to for example move or change the characteristics of a module. 

Though, it is only the interfaces towards other parts that are important. It does not matter what 

the interfaces on the inside of the module looks like. The interfaces also make it possible to 

combine modules in different ways to create new modules with other characteristics. 

One of the interviewees also mentions that it is easier to define which characteristics a module 

shall have within software. A component (which according to the interviewee basically is 

equivalent with module) should be testable and with that tested before it is passed on. This is 

something that the person believes has never been expressed regarding modules. 

One of the interviewees believes that it is important to discuss the term “module” and what 

actually constitutes a module at Scania. The unclear definition is confusing and can cause 

problems in some contexts. Further the perception of whether Scania has modules or not, and 

what it is, depends on which department one works within. Though, both of the interviewees 

within software have the perception that Scania do have modules.  

4.7 COMPARISON OF RESULTS FROM INTERVIEWS 
In order to compare the interviews and find commonalities among the functions, the interviews 

were analysed in regard to categories and sub-categories based on two test interviews. More 

about the method for data analysis is found in Chapter 1.3.3. Three of the categories with large 

focus during the analysis were “Factors for modularization”, “Methods” and “Result”. These 

three categories with their sub-categories are presented below in Figure 4 where each function 

mentioning that sub-category during any of the interviews is also marked. 
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Figure 4. The sub-categories found during the interview analysis with the functions mentioning 

each sub-category marked.  

As can be seen, what is general for all functions are that modularization is about combining a 

fixed amount of parts to create variety and a customized vehicle with few parts, where one of 

the basic principles to achieve this is reuse in many different aspects (parts, descriptions, 

handbooks etc.). Regarding the methods used to reach this there are however more diverse 

opinions among the functions. This is expected, since the different functions have diverse work 

tasks and they therefore have different demands and needs on how modularization is best 

applied to reach desired result in each area. 

These categories and the analysis of the categories are only based on what have been mentioned 

by the participants during the interviews and the survey has not been taken in account.  The 

result presented in this chapter is therefore the participants’ spontaneous perception and 

thoughts of modularization at Scania and have not been influenced by the statements in the 

survey presented in the next chapter. 
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5 COMPILATION OF SURVEY 
As mentioned in Chapter 1.3.2, structured questions in terms of a survey were also carried out 

to all the participants in order to get some comparable data. The survey contained 79 statements 

that the participants were asked to answer on a scale from 1 to 7 depending on their agreement 

for the statement, where 1 represented “do not agree at all” and 7 represented “agree 

completely”.  The survey was divided into three sections with different themes; modularization, 

the term module and Scania’s product structure. Some examples of statements from each 

section are found below in Table 7 and the entire survey with all statements is found in 

Appendix 3.  

Table 7. Example of statements from each section in the survey.  

Modularization The term module Scania´s product structure 

Modularization doesn´t have to be 

about something physical. 

A module is a subsystem of a larger 

system. 

A component is always 

something physical. 

Modularization is another word for 

standardization. 

Defined modules prohibit variety. Scania´s product contains 

modules. 

Modularization is associated with 

reuse. 

A module is independent. A component is reusable. 

Misunderstandings occur at Scania 

due to different perception of 

modularization. 

A module can describe a property. The interfaces in Scania’s 

product are well described. 

 

In order to answer the questions formulated in the scope of the project, the result of the survey 

was compiled considering three different aspects. Firstly, the result for each theme was 

compiled in order to find the common view among the participants for each theme regardless 

of the different functions. To find possible differences between the functions, the result was 

also analysed function by function and finally the third aspect of the result was to investigate 

the similarities between the perception of a module and what Scania calls a component. The 

results are presented in the chapter below. 

5.1 RESULT BY THEME 
The result of the survey for each theme is presented in the following chapters in bar charts as 

well as line charts. In the bar charts, the number of participants agreeing at the same level to a 

statement is presented both in the bars as well as in the column below each bar. The x-axis 

represents the different statements where E1 is statement one; E2 is statement two, etc. The line 

charts illustrate the mean value for each statement, created in order to understand the common 

view for each theme among the participants.  

5.1.1 MODULARIZATION 
The spread in result for the survey regarding the theme “Modularization” can be seen in Figure 

5. A larger image of the same bar chart is also found in Appendix 4. 
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Figure 5.  Bar chart of the allocation of answers for each statement in the survey for the 

theme “Modularization”. 

As can be seen there are four statements, E6, E7, E9 and E14, which all participants have rated 

as 6 or 7, meaning that they agree completely. These statements are: 

 Modularization is applicable on software (E6). 

 Modularization is applicable on hardware and software (E7). 

 A service can be modularized (E9). 

 Modularization is applicable on hardware (E14). 

 

At the same time there are two similar statements that all participants disagree with, E17 and 

E19: 

 Modularization is only applicable on software (E17). 

 Modularization is only applicable on hardware (E19). 

 

Regarding the other statements, the opinions are more or less diverse, which is also confirmed 

by calculation of standard deviation for each statement. What cause most disagreement among 

the participants are statement E5, An organization can be modularized, which have an even 

number of answers along the whole scale (St.D=2.304). Also E15, Modularization is a method 

(St.D.=2.184), and E11, Modularization is another word for standardization (St.D=1.797), 

have answers along almost the whole scale. 

In order to find the common view on modularization at Scania, the mean value for each 

statement in the survey have been investigated and analysed. All statements that have a mean 

value over 5 have been considered as statements that the participants agree with while the 
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statements where the mean value are below 3 are considered to be the statements that the 

participants disagree with. The mean values for statement E1-E19 is found in Figure 6 below. 

 

Figure 6. Line chart of the mean values for the statements in the theme “Modularization”. 

A collection of the statements with mean values either in the range of 1-3 or 5-7 is found below 

in Table 8, representing the common view among the participants regarding the theme 

“Modularization”. 

Table 8. The statements representing the common view on modularization. 

Mean value 1-3, Disagreeing statements Mean value 5-7, Agreeing statements 

E11. Modularization is another word for 

standardization. 

E1. It is important that all employees at Scania have 

the same perception of modularization. 

E17. Modularization is only applicable on software. E2. Modularization is associated with reuse. 

E19. Modularization is only applicable on software. E3. Modularization is a way of thinking. 

 E4. Modularization doesn´t have to be about 

something physical. 

 E6. Modularization is applicable on software. 

 E7. Modularization is applicable on hardware and 

software. 

 E8. Misunderstandings occur at Scania due to 

different perception of modularization. 

 E9. A service can be modularized. 

 E10. Modularization is a way to create variety. 

 E12. There are different degrees of modularization.   

 E13. An IT-system can be modularized. 

 E14. Modularization is applicable on hardware. 

 E16. Modularization requires modules. 

 E18. Modularization facilitates managing of variants. 
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When summarizing the statements from Table 8, the common view on modularization is that it 

is important that employees at Scania have a consistent perception of modularization and today 

the feeling is that misunderstandings occur due to differences in perception. It is applicable on 

both software and hardware and the degree to which something is modularized can vary. Also 

other non-physical things such as services can be modularized. Modularization is for the 

participants associated with reuse and is a way of thinking that creates variety and facilitates 

management of variants. This is in line with the opinion that modularization is not equal to 

standardization. 

5.1.2 THE TERM MODULE 
When it comes to answers in the theme “The term module” the opinions are even more diverse, 

see Figure 7. The difference in number of participants for each statement in this theme is due 

to the fact that all interviewees did not have an apprehension of the term module and therefore 

did not rate all statements. 

 

Figure 7. Bar chart of the allocation of answers for each statement in the survey for the 

theme “The term module”.  

For this theme, there are only two statements that all the participants fully agree with and have 

rated with a 6 or 7. Firstly, statement E51 is the statement the participants agree on the most 

followed by E21. Note that only 11 of 13 participants have answered these statements, which 

are: 

 Modules can be combined in many different ways (E21). 

 A module can be found at several levels in a product structure (E51). 

 

There are even less statements that the participants uniformly disagree with, and none of the 

statements have only been rated with 1 and 2. However, there is one statement that all 

participants have rated below 4, E28: A module is always something physical.  

As for the former theme, there is one statement that stands out in terms of disagreement among 

the participants, E50: A module can consist of only one part (St.D.=2.979). Other statements 
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that cause disagreement is for example E55, A module can describe an activity (St.D.=2.625), 

and E56, Knowledge about the content of a module is only important for those working with 

that particular module (St.D.=2.548). In contrast to the former theme there are several 

statements that have a standard deviation over 2 showing that the participants are not agreed.  

As well as for the theme “Modularization”, the common view on the term module is based on 

the mean value for each statement in that particular section of the survey. The mean values for 

statement E20-E57 are presented in the line chart below, see Figure 8. 

 

Figure 8. Line chart of the mean values for the statements in the theme “The term module”. 

The mean values in the range of 1-3 and 5-7 have been complied in Table 9, representing the 

common view on the term module among the participants. 
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 Table 9. The statements representing the common view on the term module. 

Mean value 1-3, Disagreeing statements Mean value 5-7, Agreeing statements 

E28. A module is always something physical. E20. Employees at Scania use the term module. 

E30. Defined modules prohibit variety.   E21. Modules can be combined in different ways. 

E47. The parts of a module cannot have variety of 

themselves. 

E22. A module has well-defined interfaces. 

 E23. A IT-system can be built from modules. 

 E24. Each module needs to have its own 

documentation (specification, drawings etc.) 

 E26. The connection between module and 

modularization is strong. 

 E27. A module is a subsystem of a larger system. 

 E29. Scania has modules. 

 E31. A module is reusable. 

 E33. Defined modules allow variety. 

 E35. A module has standardized interfaces. 

 E36. A module can describe a set of information. 

 E37. Modules are chosen to benefit company 

strategy. 

 E38. A module can consist of sub-modules. 

 E42. A module can be standardized. 

 E43. A module is upgradeable. 

 E44. A module is replaceable. 

 E46. There are different kinds of modules, depending 

on context. 

 E48. Modules promote variety. 

 E49. Modules in a system have a strong connection 

to one another. 

 E51. A module can be found at several levels in a 

product structure. 

 E53. A module can be something virtual. 

 E54. A module can describe a property. 

 

The survey shows that according to the participants; Scania has modules, the word is used 

within the company, and the connection between modularization and modules is strong. Further 

a module has well-defined interfaces, with the effect that they can be combined in different 

ways. The standardized interfaces and the combinatorics make the module reusable among 

different configurations resulting in a great variety of the product. An effect of this is also that 

a module is replaceable and upgradeable. It is a sub-system of a larger system and can be found 

on several levels in a product structure, which means that the larger system can be interpreted 

as a module as well. Though, modules can be of many different types, as for example; 

something virtual, software, a piece of information or a property.  

5.1.3 SCANIA’S PRODUCT STRUCTURE 
Also for the last theme “Scania’s product structure” there are no clear opinion among the 

participants. The result from this part of the survey is shown in the chart below, see Figure 9.   
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Figure 9. Bar chart of the allocation of answers for each statement in the survey for the 

theme “Scania’s product structure”. 

Different from the other themes there are no statement that has been rated with only 6 and 7. 

There are however three statements that only have answers above 4: E58, E60 and E79. 

 Scania has a complex product (E58). 

 Scania´s main components (cab, chassis, rear axle, front axle, gearbox etc.) can be seen 

as modules (E60).  

 A component can be found at several levels in the product structure (E79).  

 

What also differs from the other themes is that there is actually no statement that the participants 

have a common disagreement to. The two statements where most of the participants have 

answers from the lower part of the scale are E61, A component is always physical, and E76, A 

module is equal to what Scania calls a component. Both these statement have however at least 

one participant that totally agrees as well, showing that the expressions and perception of terms 

regarding modularization are very inconsistent.  

The common view among the participants for the theme “Scania’s product structure” is, as for 

the other themes, based on the mean value for each statement and presented below in Figure 10 

and Table 10. 
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Figure 10. Line chart of the mean values for the statements in the theme “Scania’s product 

structure”. 

Table 10. The statements representing the common view on Scania’s product structure. 

Mean value 1-3, Disagreeing statements Mean value 5-7, Agreeing statements 

E61. A component is always something physical. E58. Scania has a complex product. 

E76. A module is equal to what Scania calls a 

component.   

E59. A component consists of parts. 

 E60. Scania’s main components (cab, chassis, rear 

axle, front axle, gearbox etc.) can be seen as 

modules. 

 E62. The interfaces in Scania’s product structure are 

largely standardized.    

 E63. A component has its own functionality 

 E65. A component is replaceable. 

 E66. A component can be something virtual. 

 E68. A component has standardized interfaces. 

 E70. A component is upgradeable. 

 E71. The connection between components in 

Scania’s product is strong. 

 E72. Scania’s product consists of components. 

 E73. A component is a subsystem of a larger system. 

 E74. A component is reusable. 

 E75. Scania’s product consists of modules. 

 E79. A component can be found at several levels in 

the product structure. 
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5.2 RESULT BY FUNCTION 
That there are a many diverse opinions on the topic of modularization, what constitutes a 

module and the different terms used to describe modularization at Scania are clear from the 

previous chapter. As shown in Figure 5, Figure 7 and Figure 9 there are only a few statements 

from the survey that the participants have the same opinion about while the statements with a 

large spread in opinion are several. 

One aspect of the disagreeing statements is whether it is possible to find trends among the 

interviewees belonging to the same function, and by doing that find perspectives on 

modularization that differentiate the functions from each other. To find potential differences 

between the functions, the statements from the survey that have a result which spreads over at 

least five different grades on the answering scale for that statement have been compiled and 

analysed separately. These statements were selected since they represent the areas of 

modularization where the opinions differ the most. The spread in grading for each statement as 

well as the grading from each participant can be found in Appendix 7. 

A mean value for each statement was calculated among the participants in each function in 

order to facilitate the comparison between functions. The result can be seen in Figure 11, where 

the opinions of one function that distinctly deviate in any direction from the others have been 

colour coded. A statement has been marked with a yellow code to indicate that the particular 

statement for that function has a lower mean value than the average opinion and with a green 

code to indicate a higher mean value than the average opinion. Regarding the theme “The term 

module”, the answers from the R&D-function have been disregarded due to incomplete answers 

from the participants within that function. 

 

Figure 11. Comparison of the mean value between the functions where deviating opinions are 

marked with either yellow or green.  
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The most deviating statements for each function have been summarized below in Figure 12, 

showing the distinct differences between the functions. What can also be said when 

investigating the differences in functions is that there are many statements where all functions 

have a mean value that is not distinct in any direction, especially regarding Scania´s product 

structure, see Figure 11. This is also an indication of an unclear nomenclature and definition of 

terms.  

 

Figure 12. A summation of the most deviating statements function by function. 

5.3 MODULE VS. COMPONENT  
As mentioned in Chapter 5.1.3, most participants do not agree that a module is equal to what 

Scania call a component. To investigate the differences and similarities in the perception of the 

two concepts in terms of properties, the survey contained 12 statements that were corresponding 

for module and component, further called a pair of statements in this chapter. These pairs are 

found in Table 11. 

R&D

•Most differentiating in terms 
of nomenclature for the 
product. Unlike the other 
functions, they are uncertain 
of whether the product 
consists of components and 
very ceartain that the product 
don´t consist of modules. 

•The statements regarding 
modules have been excluded 
due to incomplete answers.

Production

•A few differentiating opinions 
regarding a module, meaning 
that the term can not be used 
to describe an activity. 
However they strongly 
percieve that a module is 
upgradeable.

•More confident than other 
functions that all interfaces in 
Scania's product is 
standardized. 

Aftermarket

• In terms of module, what 
distinguishes P&S is the 
opinion that a module cannot 
be either standardized or 
describe a property.

•Another aspect standing out 
regards the product structure, 
where unlike other functions 
P&S don´t percieve 
components to consist of 
parts.

Software

•Most deviating opinion 
regading modularization. Less 
perception that an 
organization can be 
modularized and higher 
perception that modularization 
and standardization is equal.

•Regarding modules there is a 
higher confidence that 
modules have their one 
functionality but less 
confidence that modules 
facilitate assembly.

Sales&Marketing

•Stronger perception that 
defined modules prohibit 
variety than other functions.

•Large deviation from other 
functions in terms of what 
constitutes a module and 
component. Strong perception 
that a component is always 
physical and that a module 
cannot be virtual. 

•Percieve strong connections 
between components and 
subsystems, where changes 
are difficult to make without 
affecting other 
componets/subsystems.

Product 
Coordination

•Lower perception than other 
functions that both modules 
and components are 
independent.

•Different view on modules 
from other functions in the 
aspect that a module is not 
percieved as a subsystem of a 
larger system in the same 
extent.

•Slightly lower perception than 
other functions that a 
component has standardized 
interfaces.
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Table 11. Table over the statements in the survey identical for module and component. 

Module Component 

E34. A module consists of parts E59. A component consists of parts 

E28. A module is always something physical. E61. A component is always something physical. 

E52. A module has its own functionality. E63. A component has its own functionality. 

E44. A module is replaceable. E65. A component is replaceable 

E53. A module can be something virtual. E66. A component can be something virtual. 

E35. A module has standardized interfaces. E68. A component has standardized interfaces. 

E43. A module is upgradeable. E70. A component is upgradable. 

E27. A module is a subsystem of a larger system. E73. A component is a subsystem of a larger system. 

E31. A module is reusable. E74. A component is reusable. 

E40. A module is independent. E77. A component is independent. 

E75. Scania’s product consists of modules. E72. Scania’s product consists of components. 

E51. A module can be found on several levels in a 

product structure. 

E79. A component can be found on several levels in 

the product structure. 

  

  

The result for each participant is presented below in Figure 13, where the rate for each statement 

is presented in the columns. For each pair of statements a comparison have been made and 

based on the difference in units between the statements in the pair the result have been colour-

coded to easy identify perceived similarities and differences in properties between the two terms. 
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Figure 13. Comparison of result from survey for the pair of statements equal for module and 

component. 

Two different aspects of the result have been compiled. Firstly, the comparison of answers have 

been made for each participant separately in order to get the total number of pairs per person 

where the values differ a maximum of two units among all 12 pairs of statements. As can be 

seen in the right column in Figure 13, the lowest similarity among the participants who 

answered all statements regarding modules is equality in 6 pairs of statements by the participant 

R&D1. That participant also have as many as three different pairs of statements where the 

difference is 5-6 units, which is half of the total amount of pairs with that difference.   

As many as four participants have equality in 11 of 12 pairs of statements, meaning that the 

difference among the statement is maximum 2 units. One of the participants, A2, does not have 

any difference at all among the statements in the pair, however one statement regarding 

components have been left unanswered. Secondly, when compiling the results of all participants, 

the mean of equality among the statements for the expressions module and component are 9.82 

from 12 possible. This means that among the statements that were investigated, as many as 9.82 

out of 12 were alike for module and component. 
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6 MODULARIZATION AT VOLKSWAGEN 
As mentioned in Chapter 1.1, Scania is since May 2014 one of the brands in the Volkswagen 

Group, a group comprising 12 automotive brands from seven different European countries 

(Volkswagen AG, 2015). The group comprises both commercial vehicles as well as passenger 

cars where Volkswagen Passenger Cars is one of the top-selling brands.  

In order to facilitate communication between Scania and Volkswagen and create an 

understanding for how the different companies are working in regards to modularization, a brief 

comparison between the two companies have been made in terms of the perception of 

modularization and the term module. The data regarding modularization at Volkswagen for the 

comparison was collected during a three-day visit to Volkswagen in Wolfsburg, where meetings 

where held with eight people in total from both the Volkswagen brand and the Volkswagen 

Group, representing different functions (R&D, management, IT, production). The meetings 

included presentations from the employees as well as interview questions regarding 

modularization and modules. More information regarding the method is found in Chapter 1.3.2. 

Also, the survey performed at Scania was carried out to 10 people at Volkswagen (within the 

Volkswagen brand, the Volkswagen Group, as well as the Audi brand) representing different 

functions. Though, the survey carried out at Volkswagen only included the themes 

“modularization” and “the term module”, see Appendix 8. No statements regarding 

Volkswagen’s product structure were included, as focus was to get comparable data between 

the two companies regarding the other themes.  

In this chapter, the material collected during the visit is presented explaining how 

modularization has evolved at Volkswagen, how a module is defined as well as the result from 

the survey performed at Volkswagen. 

6.1 EVOLUTION OF MODULARIZATION AT VOLKSWAGEN 
Volkswagen started to develop their modular strategy in the late 1990s starting with a platform 

strategy. The strategy was based on a common platform that could be used by several vehicle 

models within a vehicle class (see Table 12), also referred to as vehicle segment, where the 

platform belonged to a specific segment. To the platform, a hat was added and parts either 

belonged to the platform or the hat, which means that the parts always were designed for a 

specific car segment. The platform strategy allowed a platform to only be documented once and 

then copied for each vehicle model using the platform, but was limiting in the sense that a 

platform was specific for one segment of cars.  

Table 12. Classification of Volkswagen’s vehicle segments 

Segment: A00 A0 A B C D 

Used for: City cars Supermini 

cars 

Small 

family cars 

/Compact 

cars 

Mid-sized 

cars 

Extended 

mid-sized 

cars 

/Executive 

cars 

Full-size 

luxury cars 

 

The platform strategy was further developed and in 2006 a module strategy was introduced, 

still based on a platform shared among vehicles in the same class but with the hat partially built 
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up from modules. By contrast to the platform, the modules could be shared between segments 

meaning that cost savings could be made due to higher volumes while also facilitating variation.  

In 2013, the module kit strategy was introduced, based on one common modular toolkit for all 

vehicle segments and types of cars. The modules within the modular toolkit do not have the 

same limitation as the platforms, meaning that for a toolkit they can be shared both among 

different styles of cars as well as different vehicle classes. The evolution of modularization at 

Volkswagen can be seen in Figure 14.  

 

Figure 14. The evolution of modularization at Volkswagen (Lemke, 2013).  

The modular toolkit is organized according to Figure 15 below. The different brands are 

organized around the four module management areas, with the different subassembly kits 

subordinated one of the four areas. However, there are some slight differences from brand to 

brand under which module management area a subassembly kit is placed. A module database 

describes the content of the modular toolkit including for example which car projects are using 

which modules.  

          

Figure 15. The organization of the modular toolkit at Volkswagen.  

1 modular toolkit

4 module management areas 

(electrical/electronic system, chassis, power trains, body)

> 30 subassembly kits

> 200 module families

> 1,000  modules
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The module kit strategy is what Volkswagen uses today and the basic idea is to have product 

variety through standardized parts. The strategy is based on four vehicle toolkits which is 

associated with a certain number of modules from the modular toolkit, each toolkit described 

in a separate structure. The vehicle toolkits are based on the placement of the engine and the 

core architecture of the vehicle. The core architecture is flexible and permits of some variation 

dimensions, resulting in several instances with those specific architectural rules. Every instance 

can be considered as a separate platform, and in this way the vehicle toolkits can manage several 

vehicle segments. The different vehicle toolkits are presented in Table 13.  

Table 13. The vehicle toolkits of the Volkswagen Group. 

MQB 

Modular Transverse 

Toolkit 

MLB 

Modular 

Longitudinal 

Toolkit 

MSB 

Modular Standard 

Drive Train System 

MNB 

Modular 

Commercial Toolkit 

Transverse engine, 

small to medium-

sized cars. Segments 

A0, A, B. 

Managed by VW 

Passenger Cars. 

 Medium-sized and 

larger longitudinal 

engine models. 

Segments B, C, D. 

Managed by Audi. 

The most expensive 

toolkit, front-engine 

rear-wheel drive 

cars. Segments D, E. 

Managed by 

Porsche. 

Front-, rear- and all-

wheel drive vehicles. 

Segments B, C. 

Managed by VW 

Commercial 

Vehicles. 

 

The purpose with the module kit strategy is that every car using a vehicle toolkit can be 

constructed from the same basic modules, no matter which brand or model the vehicle belongs 

to. By sharing modules across brands and segments, cost savings can be made both by using 

already existing solutions in new applications and by shared development cost for new solutions. 

However, only combinations of modules are not enough to make the vehicle function. 

Additional parts such as screws etc. also need to be added in order for the car to be complete.  

As mentioned, one of the main goals with the Volkswagens module kit strategy is to reduce the 

direct cost through larger volumes with less cost per unit. Also, a higher quality grade is a 

desirable outcome, reached through standardized parts and production processes, as well as a 

shorter time-to-market and a well optimized innovation cycle for each module.    

The future regarding modularization at Volkswagen is to apply modularization in other areas 

than R&D and the product, and in 2012 a project to create a modular production system started. 

The project is called MPB, Modular Production Toolkit (Winterkorn, 2012), and the first 

implementation is estimated in 2017-2018. The idea is to have modularization and modules on 

multiple levels in production; factory, section, manufacturing segment and equipment. By 

having predefined modules, the production can easily be adapted to handle several different 

vehicle types and higher production volumes and the goal is to use modularization to reach 

standardization in production. 

6.2 DEFINITION OF A MODULE AT VOLKSWAGEN 
At Volkswagen, the structure of a module is well defined. The module consists of a so-called a 

base module that is non-variable once a module is developed and shared across brands. The 

base module can contain hardware and software or only hardware. Apart from the base the 
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module consists of a variation content which is the hardware and software creating the different 

variants of the module and where every car project can chose the variation suitable for their 

needs and customers. The base module and the variation content constitute the module but a 

component is not complete with only that. Apart from the module an application content is also 

added. The application content is brand specific and it is the parts of the car that the customer 

can actually see or feel, hiding the actual module from the customer. The structure of a module 

is seen below in Figure 16.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 16. The structure of a module at Volkswagen (simplified from Lemke, 2013).  

An example of a Volkswagen module is the seat, which of course consists of a base module, a 

variant content and application content. The base module of a seat is the metal structure, or 

skeleton, which is exactly the same for every variant of seat across all brands. What is variable 

depending on car project and customer segment is however if the seat manoeuvring should be 

electrical or mechanical, with or without airbag, heat or no heat etc. which constitutes the 

variation content of the seat module, creating different variants of the seat. Finally, the 

application content is added which for the seat constitutes material, colour, padding etc. which 

is the chance for each brand to differentiate themselves and appeal to their specific customer 

segment. 

The idea of the module toolkit strategy is that every module belongs to one of the vehicle 

toolkits, and can then be reused by all vehicle types and vehicle segments belonging to that 

toolkit. These modules are therefore called “baukastenmodul” (toolkit module) and as an 

example, all cars built with the vehicle toolkit MQB can use the modules and module variants 

within that toolkit. Apart from that, it is possible for a module to be used by several vehicle 

toolkits but the module is still “owned” by one of them. This means that car projects using one 

vehicle toolkit, for example MQB, have to ask permission to use a module from another toolkit 
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(MLB, MSB, MNB), but the processes supporting this is not yet well established in the 

organization.  

However, not all modules belong to a vehicle toolkit and are classified as a “baukastenmodul”. 

There are also modules that “stand alone”, called “einzelmodul”. Since these modules do not 

belong to any toolkit, all vehicle types in all vehicle segments independent of vehicle toolkit 

can use them. To be able to be shared by all vehicles independent of toolkit, an “einzelmodul” 

often has no relation to the platform. An example of this is the seat discussed earlier, where no 

matter which brand or car model the base module of the seat is always the same. This is possible 

since the seat is not dependent of the placement of the engine or the core architecture of the 

vehicle. This only goes for the front seats and not the back seats, which are dependent on the 

architecture of the car. The management of the “enizelmoduls” is however much more difficult 

than for the “baukastenmoduls” and the change management more complicated. One of the 

main differences between the “baukastenmoduls” and the “einzelmoduls” regards the funding 

of them. For the “einzelmodul” the cost for development has to be granted for each individual 

module while for the “baukastenmodul” money is granted within the vehicle kit project and can 

be allocated as wished. 

To achieve desired outcomes described in Chapter 6.1 it is of importance to monitor the number 

of modules and number of variants for each module, and the goal is to keep the total number of 

modules to a minimum and instead find new implementations of already existing modules. To 

keep track of the increment of modules, a tool called “the variant tree” is used to give a quick 

overview trough colour coding. In the tree, new modules are coded as red, new variants of 

already existing modules are coded with yellow and new implementations of already existing 

modules are coded as green. As much green as possible is desirable, since that result in larger 

cost savings due to higher volumes of a module without additional development costs. This 

approach is different from Scania’s, where focus is on keeping the number of individual parts 

low rather than modules and module variants.  
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7 COMPARISON OF SCANIA AND VOLKSWAGEN 
When comparing the companies, the analysis was mainly based on the surveys carried out at 

both companies, since they gave more comparable answers than the interviews and meetings.  

In difference from Scania the survey at Volkswagen disregarded the theme “Scania’s product 

structure”, and was only divided into “Modularization” and “Modules”. Therefore the 

comparison only consider these themes. Further, the comparison is based on the mean values 

of the answers for each statement for respective company, seen Figure 17. More information 

about the method can be found in Chapter 1.3.2. The complete answers from each participant 

answering the survey at Volkswagen, see Appendix 9.  

 

Figure 17. Comparison between Scania (blue) and Volkswagen (orange) regarding mean 

values from survey for the theme “Modularization”. 

When comparing the mean values for the companies, it is clear that the common view on 

modularization in both companies are alike since the maximum deviations between the 

companies regarding mean value are around 1. For a few of the statements the mean value is 

almost the same for example E17, Modularization is only applicable on software, and E19, 

Modularization is only applicable on hardware. For both companies they have a mean value of 

almost 1, which was expected. The statements where the opinions differ the most and the 

difference in mean value are over 1 are: 

 Modularization is associated with reuse, E2. Employees at Volkswagen more strongly 

perceive that modularization is associated with reuse. 

 Modularization is a way to create variety, E10. Employees at Scania perceive that 

modularization is a way to create variety in a larger extent than employees at 

Volkswagen. 
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 Modularization is a method, E15. At Volkswagen, modularization is perceived as a 

method in larger extent compared to Scania. 

Though, above mentioned result does not consider the spread of answers at each company and 

considering the limited amount of respondent it cannot be ensured that the difference in mean 

values is not due to coincidence. Therefore a t-test of the mean values was performed, where 

the two companies were seen as two independent samples. The t-test shows that the statement 

E2 is statistically significant (p = 0.059) with a 95 % confidence interval as well as statement 

E9, A service can be modularized (p = 0.025).  

For the theme “The term module” the mean values for each company is presented below in 

Figure 18. 

 

Figure 18. Comparison between Scania (blue) and Volkswagen (orange) regarding mean 

values from survey for the theme “The term module”. 

As for modularization, there are many statements where both companies are alike. For example, 

regarding statement E32, Employees at Scania/Volkswagen know the definition of a module, 

the mean values for the companies are identical at 3.3. Otherwise both companies agree that a 

module does not have to be anything physical (E28) and that there are different kinds of 

modules depending on context (E46). However, there are also statements where the opinion 

between companies differs in larger extent than for previous theme. The most diverse opinions 

regard: 

 Defined modules allow variety, E33. At Scania, the common view that modules allow 

variety is stronger than at Volkswagen.  
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 Modules promote variety, E48. Employees at Scania more strongly perceive that 

modules promote variety than at Volkswagen. 

 Modules in a system have a strong connection to one another, E49. At Scania, modules 

are in larger extent perceived to have strong connections to one another than at 

Volkswagen.  

Regarding above statements, the t-test confirms that they differences between the companies 

are statistically significant with a significance p < 0.05. In addition, the difference in mean value 

for statement E51, A module can be found at several levels in a product structure (p = 0.055), 

can by certainty be confirmed. 

 

  



53 

 

8 ANALYSIS AND DISCUSSION 
In this chapter, an analysis of the results presented in Chapter 4-Chapter 6 will be discussed. 

Also a discussion of factors that may have impacted the result is found.  

8.1 SCANIA INTERNALLY 
The main focus of this research has been to investigate the present situation regarding 

modularization and the nomenclature used to describe modularization at Scania. Therefore, an 

analysis and discussion is presented for Scania internally where the concept of modularization 

and modules are discussed as well as a comparison of previous research and Scania. 

8.1.1 MODULARIZATION 
The concept of modularization at Scania has been investigated both with semi-structured 

interviews and a survey containing pre-determined statements regarding modularization. In this 

chapter a separate analysis and discussion of the collected data from the two methods will be 

presented as well as a compilation of the result from both. 

As briefly discussed in Chapter 4.7, there are a few returning aspects regarding the general 

principles of modularization that have been noticed during the data analysis as well as some 

mentioned result of modularization that occur during interviews regardless of function. 

Regarding factors related to modularization, all functions mention reuse and combination.  

When it comes to the result that modularization brings, variants/combination/few parts, 

customized vehicle and profitability is mentioned by all functions. By summing all these 

common categories, modularization at Scania could be described as being about “combining a 

fixed amount of parts to create variety and a customized vehicle with as few parts as possible, 

where one of the basic principles to achieve this is reuse in many different aspects (parts, 

descriptions, handbooks etc.) leading to a profitable Scania.”. 

The uniform opinion from the interviews is close to Scania´s defined and documented principles 

regarding modularization, which are “standardized interfaces”, “well balanced performance 

steps” and “same need-identical solution”. To have in mind both well balanced performance 

steps and same need-identical solution results in few parts, which lead to profitability since the 

interfaces allow for the opportunity to combine the parts to create many variants and a 

customized vehicle. That all functions mentioned these categories in the investigation indicate 

that the defined principles are well established in the organization even though they seem to be 

subconscious since they in many cases were difficult for the participants to express.  

Where the functions were most dissimilar was regarding the methods linked to modularization 

used in their daily work, see Chapter 4.7. This is an expected result, since the participants within 

different functions have different work tasks and different demands and needs to apply 

modularization. What can be concluded is that regardless of function, reuse is an important 

aspect to any method and is always desirable not only for parts in the product but also in the 

way the work is performed. Apart from being diverse, the methods have also been noticed to 

be difficult to explain and even distinguish. The methods described in this report have rather 

been interpreted from the collected material than distinctly expressed during the interviews. 

This might be due to the fact that it is difficult for the employees to see the connection between 

their work tasks, and the methods they use, and modularization indicating that modularization 

is not always an active part of the everyday work at Scania. 
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When looking at the result from the survey regarding modularization, see Chapter 5.1.1, there 

is a commonality to the result from the interviews in terms of the importance of reuse as well 

as the fact that modularization creates variety. The result from the survey also shows that the 

participants agree that modularization can be about something non-physical, as software or 

services, as well as something physical. This is also much discussed during the interview. Since 

the survey was performed right after the interview, it is possible that the answers in the survey 

are influenced by the questions during the interview. Correlative, it is possible that the 

interviewees during the interviews have not thought of an aspect of modularization that they 

later agree to in the survey leading to differences in result from the two data collecting methods. 

From the survey result, see Chapter 5.1.1, it is also understood that the participants agree that 

it is important that the employees at Scania have a consistent perception of modularization. 

However, that seems to not be the case today since the survey also shows that 

misunderstandings occur due to differences in perception among employees. More clear 

definitions regarding terms related to modularization would be one way to counteract the 

misunderstandings as well as more structured education for employees (not just new recruits) 

regarding modularization. 

8.1.2 MODULES 
If Scania has modules or not is something that the employees within the company disagree upon, 

some think the modules exist and some believe the opposite. Though, everyone have a clear 

opinion regarding their existence, where an obvious majority (according to the survey) think 

that Scania has modules. This fact is interesting since still only a few (or rather no one) are able 

to make a clear description of what a module actually is. If you do not know what a module is, 

how can you possibly agree upon if it exists or not? The feeling that occurs is that you as an 

employee within a function gets affected by the mind-set within that function, and does not 

reflect much on the underlying facts.  

Difficulties in defining this term have been noticed during the interviews (see Chapter 4), which 

must be because of a lack of a clear definition of the term. Inadequate education regarding 

modularization and the definition of related terms are also expressed as something problematic 

by several of the interviewees.  According to the interviews the word is not used daily and 

therefore many have not reflected upon what it actually means, which may also be a reason for 

why it is difficult to talk about. Though, according to the survey (see Chapter 5.1.2) the average 

mean value states that the word module is something that employees at Scania do use, which is 

contradictory.  

Even though it is hard to define a module in words, the surveys shows that when given clear 

statements regarding the term the employees have an opinion regarding its properties, and a 

general conclusion of its significance can be made. Though, this result does not say anything if 

these properties are fulfilled by a module within Scania. But since the interviewees agree upon 

the existence of modules at Scania, the agreed properties should be found in those modules. 

In the report also the alikeness between the term module and what Scania calls component is 

investigated. According to Table 10 the mean value of the participants answers shows a 

disagreement with the statement “E76; A module is equal to what Scania calls a component.” 

which also is the perception from the interviews. Though, according to the investigation 

presented in Chapter 5.3, 9.82 of 12 statements corresponds to modules as well as components, 

which means that the opinion about the characteristics of the objects are very much alike. 
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Probably the fact that a component is not a module is something that is inculcated from the 

organization, probably without anyone considering why. Obviously the objects have its 

similarities due to terms of characteristics, which is shown when the question about the 

similarity is not asked straight forward.  

Worth to discuss is also the relevancy of using the specific term “module”, if it now creates 

confusion. The word itself may not be of importance, what is important is rather to have a 

language that is well-defined and that cannot be misinterpreted. Though, if Scania chooses not 

to practice the word module, a clear explanatory statement of why not may be necessary. This 

also means that a definition of a module is important, even though Scania should not have it. 

A well-established word at Scania, which in some cases is perceived as corresponding to 

module, is the word component. In the survey a statement regarding the alikeness of the terms 

significance was literally stated (see Chapter 5.1.3), where the result shows that the employees 

thinks that a module is not equal to what Scania refers to as a component. As explained in 

Chapter 5.3, an investigation of the alikeness of the definitions was also performed in a way 

where the interviewees underlying perceptions would appear, with the result that the difference 

between the terms is subtle. The opinion that a component is not a module seems consequently 

to be a matter of principle, rather than a fact. If some effort was dedicated to discuss the issue, 

the opinions would maybe be different.  

8.1.3 SCANIA COMPARED TO RESEARCH 
As mentioned in the literature study, see Chapter 3, research points out several drivers to apply 

modularization. Among them, high complexity and rapid speed in technology changes are 

mentioned as well as shorter product life cycles. Despite this, the customers demand high 

variety in products to fulfil their specific demands leading to an almost unsolvable equation. 

Literature mentions that modularization is a way to manage this by applying mass 

customization, which is exactly the term that Scania uses to describe the benefits of their 

modular system. As literature mentions, Scania’s products have both high complexity and are 

today also exposed to the changes in technology since more of the former mechanical 

mechanisms are today administered by software. What however contradicts the drivers 

mentioned in literature is the life cycle of the product, where Scania´s product have a much 

longer life cycle than other products and are often even rebuilt to be sold on a second or third 

market.  

When it comes to the foundation of the concept of modularization, the studied literature 

describes the concept as dividing and grouping of functional elements into subassemblies, or 

modules. In other words, decomposability is one of the key words in literature as well as 

standardized interfaces see Chapter 3.1. The standardized interfaces have by several functions 

at Scania also been mentioned as an important aspect of modularization, in uniform to literature. 

What are also mentioned by previous research are the dependencies between different modules 

and the parts within a module, where it is mentioned that there should be strong dependencies 

within and loose dependencies across modules. This is difficult to compare to Scania, where a 

module is not seen as the “black box” that is often described by literature. Instead, according to 

the interviews modules can consist of modules and a module is created in its context and is 

therefore not predefined. When a module is created in its context and in several levels, it is 

difficult to define where the module begin and ends and therefore difficult to define where 

dependencies should be strong or loose. Instead, it is handled by standardized interfaces. 
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As mentioned in both Chapter 3.1 and Chapter 3.2, modularization and modules are an 

established concept within software, which is also evidenced by the participants from the 

software function of Scania during the interviews. There is not any consistent definition of the 

term module in literature but standardized interfaces and interchangeability are often mentioned 

in connection with the term. This is also consistent with the common view on module at Scania, 

which is that a module has standardized interfaces, are upgradeable and replaceable. As 

mentioned above, literature often refers to the connection across modules and that it ideally 

should be weak. However, this is not always the case and thus there are gradations of modularity, 

which is also a result from the survey performed at Scania. 

8.2 COMPARISON BETWEEN SCANIA AND VOLKSWAGEN 
That Scania’s and Volkswagen’s products are structured and described in different ways is 

obvious due to the insight of each company’s way of working, though both claims to practice 

modularization. The greatest findings are presented in short in Table 14, and is further described 

in this chapter. 

Table 14. Main difference between Scania and Volkswagen. 

Scania Volkswagen 

More refined modularization. Influences of the platform strategy. 

Increase margins by customized vehicles for 

which the customers are willing to pay more. 

Increase margins by lowering development 

costs. 

One structure that describes the product. Several separate structures that together 

describe the product.  

Focus on low number of parts creating high 

number of variants. 

Keep the number of variants low, and with 

that the number of modules. 

No definition of a module. Enounced definition of a module.  

 

Based on literature, Volkswagen’s product seems rather related to the platform strategy. 

Although the intention is to become more modularized, Volkswagen’s vehicle toolkits share a 

common core architecture within each toolkit where some measures are variable. According to 

literature, see Chapter 3.5, the concept of product platforms is a stable core (platform) where 

external components are added to create a product. These components though, are connected 

with standardized interfaces and could be considered as modules, which may be the reason to 

the confusion regarding the strategies product platforms and modularization.  Expressed from 

the participants positioned at Volkswagen is also if they even practices modularization. In 

comparison to Scania, Scania does not have a platform and for that reason is considered as more 

modularized than Volkswagen.  

According to literature (see Chapter 3.5) modularization is also more strongly connected to 

cases where the customers are willing to pay more for a customized product. This strongly 

relates to Scania’s strategy, where the focus does not lay in lowering the costs for the 

development, because they know that the customers are willing to pay more for the vehicle that 

they want. Volkswagen however has a stronger focus on lowering their development costs to 

be able to raise their margins, since their customers rather prefer a cost-effective functionality. 

A case where customers want functionality to a lower cost is strongly related to the platform 

strategy. Worth mentioning is that the companies operate in different fields of the automotive 
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industry, where Scania’s product is a workplace and a vehicle where the customers spend their 

entire days whereas Volkswagens product is a means of transport for their customers. 

Another difference between the companies is that Volkswagen has several vehicle toolkits 

described in different structures, while Scania has one toolkit described in only one structure. 

Scania has come further when it comes to have components (or “modules”) where everything 

fits with everything. However, it could be hard for Volkswagen to manage their wide range of 

customer segments with only one vehicle toolkit. In difference to Scania, Volkswagen have 

vehicles in all price classes. Parts from the lowest price class would not be desirable or valuable 

to fit with parts of the higher price classes. Another difference between the companies is that 

Volkswagen also have different organizations for each toolkit, whereas Scania have one for 

their only toolkit. To only have one organization might ease change management and 

communication, but could however be difficult for Volkswagen to manage with all their brands 

compared to Scania who only have their own brand to manage.   

For Scania one of the most frequent mentioned factors of their strategy is to keep the amount 

of parts low, but still manage to create as high variety as possible in the finished vehicle. 

However, at Volkswagen the aim is rather to keep the variants low because of economic reasons. 

From the survey results in Chapter 7 it is also noticed that the major disagreements is within 

specifically the area of variety, where Volkswagen links their strategy to variety in less extent 

than Scania. This fact is confirmed by a t-test that indicates that the difference is statistically 

significant. Another aspect of modularization is also reuse in any form. Surprisingly Scania 

(according the comparison of the survey in Chapter 7) valued the connection between 

modularization and reuse lower than Volkswagen, even though Scania speaks more actively 

around the importance of this aspect. Also this is confirmed by the t-test. The reason for this 

result is hard to say, but one reason could be that reuse is linked to many things and therefore 

the statement regarding the subject was interpreted in different ways by the companies, based 

on their view and experience of it.  

Except for this, the results from the survey is very much alike for the two companies, even 

though several differences between the companies are identified through other information 

collected. The statements in the surveys are very general though, which may affect the result. 

The perception of the concept of modularization and modules may actually be very similar for 

the companies, and the difference rather lie in the methods used to achieve the results desired 

of modularization which depending on the different markets diverse. 

When it comes to modules, the perception of their existence differs among the functions. For 

Scania, R&D do not talk about modules and claims that they do not exist at Scania. At 

Volkswagen on the other hand, it is software and sales & marketing that claim that Volkswagen 

does not have modules. Volkswagen have a clear definition of modules and on how they are 

structured, which is strongly linked to the physical product and components (even though the 

software also is included), which may be the reason for why R&D at Volkswagen thinks that 

modules exist. For Scania, the modules are more strongly linked to software, and therefore 

R&D does not link the term to the physical components. 

8.3 CREDIBILITY AND METHOD 
This chapter discusses the reliability and credibility with this research, where the largest impact 

on this is perceived to lay in the methods. Another aspect that is important to take into 

consideration is that the result of this research is aimed towards Scania and Volkswagen (with 
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focus on Scania), which makes it credible for those companies but may not accord with other 

companies opinions regarding the subject.  

As mentioned, the method of the research is one of the major factors that affects the reliability 

and credibility of the result. Therefore it is important to reflect on the results and to discuss 

what could have been made different to increase the credibility in the work.  

One action to increase the credibility of this research regards the extent to which the interviews 

and surveys was performed. A higher amount of interviews and surveys would make the 

conclusions more credible, and the result could with more certainty be said to conform to the 

general perception within the organisation. Though, this was unfortunately not possible due to 

the limitations and resources regarding time. 

When it comes to the structure of the interviews, it would have been valuable to gather more 

information regarding both Scania and Volkswagen before formulating the questions. The 

questions could then have been formulated to be adapted to both companies, and the results 

would probably have been more comparable. More knowledge about the companies before the 

formulation of the interview questions would also have given the possibility to create more 

company specific and sharp questions, both to the interviews and to the survey.  A way to 

increase the credibility, and also to make the questions and the statements in the interviews 

respective the surveys easier to process and answer, could be to repeat them at a later occasion 

when the subject had sunken in. Another method could also be to send the questions and 

statements out before hand, for the participants to read and think over, but an effect of this could 

also be that the questions are looked up and that the answers received are not their own.  

Regarding the survey, the aim with it could have been considered one more time before creating 

it. The way it was structured within this research, too many aspects to analyse were included in 

the same survey and the purpose with it was not clear which was perceived as a drawback during 

the analysis. A better structured survey could have given a result easier to analyse and directly 

connect to the research questions. 
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9 CONCLUSIONS 
This chapter reconnects to the formulated questions in Chapter 1.2 by conclusions drawn from 

the results of the research. Clearly, the apprehension of modularization and modules is 

segregated and unclear within Scania from several aspects. Conclusions from what are 

expressed from the interviewees themselves are that it is; 

 Important to have a consistent language within the organization  

 A lack of clear descriptions of practiced terms connected to Scania’s product description 

Regarding the opinions and knowledge related to modularization there is clearly differences in 

opinions among the interviewees and to some extent patterns among interviewees from the 

same function could be found. In relation to RQ2: Is the perception on modularization 

consistent throughout the entire organization or are there diverse opinions on the concept of 

modularization and what constitutes a module? Following conclusions is stated from material 

from both the interviews and the surveys; 

 Lack of awareness regarding methods connected to modularization 

 Differences in opinions of whether modules exists or not 

 Differences in opinions of what constitutes a module 

To increase the credibility of Scania’s profitability thanks to the modularization, above 

mentioned items is worth to consider. To agree on which terms to use, and why, will not only 

increase the credibility due to the fact that everyone speaks the same language but will also 

most likely facilitates communication both internally and externally. Connected to deciding 

which terms to use are also clearly stating which terms to not use and why not to use those in 

order to avoid the confusion related to practised terms that exists today.  As an example it is 

concluded from the survey that the difference between what Scania calls a component and the 

perception of what constitutes a module is subtle, which means that what is referred to as a 

component in Scania’s product structure could according to the investigation as well be 

considered as a module.    

Even though there are differences in perception and opinion, some general definitions of the 

concept modularization and module can be adapted through a compilation of the results from 

the investigation in order to answer RQ1: How is the concept of modularization and the term 

module perceived among employees within the Scania organization? Those definitions is pretty 

indeterminately and not linked to a specific area, that will say, they are possible to apply on 

something physical as well as virtual or logical etc. Though, to avoid confusion different terms 

may be necessary within different areas. The identified properties connected to modularization 

respectively modules among employees at Scania are listed beneath; 

 Modularization is a way of thinking with focus on reuse in many forms, with the aim to 

create a high variety and also to be able to manage the variants in an effective and 

profitable way. There is no restriction when it comes to areas of application of 

modularization, it can be applied on something physical as well as non-physical. 

 A module is a sub-system of a larger system and can be found on several levels in a 

product structure, which mean that the larger system can be interpreted as a module as 

well. It has well-defined and standardized interfaces, to enable variation by combination 

of modules into several different configurations. A module should with its interfaces be 
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replaceable and upgradeable, without effecting the rest of the system. There is no 

restriction when it comes to types of modules, it can be something physical as well as 

non-physical. 

Note that this is not new definitions on modularization and a module but rather a compilation 

of the common opinion on the subjects among the participants from Scania in this study.  

As for the last research question, RQ3: Are there differences and similarities in how employees 

at Scania perceive the concept of modularization and modules compared to the perception of 

the same concepts among employees at Volkswagen?, the surveys performed show that the 

general perception of modularization and a module is similar in both companies. However, 

regarding methods and organization some distinct differences were found between the 

companies. These are presented below;  

 

 At Volkswagen, the term platform is still used connected to the modular strategy, 

whereas Scania does not talk about platforms and it that sense seems to have a more 

refined modular strategy. 

 While Scania has one toolkit for all variants of vehicles, the “bygglåda”, Volkswagen 

has several toolkits used by different car segments and car types. Every toolkit at 

Volkswagen has its own architecture. 

 In both companies, reuse is important. However, while Volkswagen wants to keep the 

number of modules and module variants down trough reuse Scania is focused on 

keeping the number of single parts to a minimum.  

 The economic benefits of modularization differs between the companies where 

Volkswagen wants to achieve higher margins by keeping development costs down and 

Scania’s strategy is to offer a customized vehicle for which the customer is willing to 

pay more.  

 Regarding modules, Volkswagen has an enounced definition of a module whereas the 

term at Scania is not normally used and has no distinct definition. 
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10 FURTHER WORK 
This research has been conducted with some limitations in consideration, which may have some 

effect on the result. To increase the credibility the research should be further performed on a 

major group of people. This is especially desirable when it comes to the comparison between 

the functions; in this present situation only two persons per function speak for the entirety. It 

would also be interesting to conduct interviews with employees with different positions within 

the functions. For this research the majority of the participants were male engineers with more 

than 20 years’ experience at Scania. It would be interesting to also involve employees with 

other educations, shorter experience at Scania, etc. to get a more credible view of the 

perspective of the entirety of the organization.  

Also, for this research the survey was based only on literature and with limited knowledge of 

the concept modularization and modules within the companies. Another action to improve the 

research could be to also create a survey not only based on literature, but also on knowledge 

about the companies and their modular strategies. This in order to be able to formulate spot on 

questions that not only cover the general perception of modularization. 

As the result and conclusion implies, Scania’s challenge for the future is to put effort in defining 

partly which terms that should be used within the organization, and what they implies, to 

facilitate the communication both internally and externally. The education regarding 

modularization and the language connected to the concept must also get more thorough and 

clear in order to keep a consistent perception throughout Scania.  

When it comes to the comparison between Volkswagen and Scania it would, to start with, be 

more relevant to compare the truck manufacturers within the concern (e.g. MAN, VW 

Commercial vehicles, Scania) since the differences between trucks and passenger cars are quite 

large. 

Even though Scania is a successful company, some problems and challenges were identified 

during the research. Further investigations is relevant to manage the growing complexity of 

the product, standardized interfaces, geometry searching and to ease the understanding of the 

product structure.  
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APPENDIX 1. INTERVIEW QUESTIONS 
 

Initial Questions 

1. In what department do you work and what are your main work tasks? 

2. For how long have you been working at Scania? 

3. Have you been working at any other company than Scania? 

4. What part of the product are you most familiar with? 

General definition, different perspectives on modularization 

5. How would you define the concept of modularization? (In general and not at Scania) 

6. How would you define the concept of modularization at Scania? 

a. Are there differences between the general perception of modularization and Scania’s 

perception of modularization? 

7. Is modularization a part of you daily work and in what way? 

8. What kind of education did you get regarding modularization when you started to work at Scania?  

a. Did it help you understand the concept of modularization at Scania? 

b. Is the perception you had then consistent with you perception of modularization today? 

9. Are there any parts of Scania’s product that you would define as more modularized than others?  

a. In what way and why? 

b. What is the reason that they are more modularized in your opinion? 

10. At what level would you place modularization in the Scania philosophy model? (value, principle, 

method, result) 

11. What are the principles for modularization according to you? 

12. Which of the methods that are used at your department can be connected to modularization?  

13. What support systems are used at your department that can be connected to modularization? 

a. What would the consequences be if they didn´t exist? 

b. How could they be improved?  

Benefits 

14. What does modularization mean from a customer perspective? 

a. Is the term and concept of modularization familiar to them? 

15. What is the main reason for applying modularization at Scania? 

16. What results can be seen from modularization? 

17.  Which are the advantages with Scania’s way of applying modularization? 

18. Which are the disadvantages with Scania’s way of applying modularization? 

19. What would the consequence be if Scania didn’t apply modularization? 

Definition of a module, in general and at Scania 

20. Hur skulle du definiera en modul? (Generellt sett och inte på just Scania)  

21. Does Scania have modules in your opinion? 

22. IF YES: 

a. What is the definition of a module at Scania? Examples! 

b. At what level/levels in the product structure can a module be found? 

c. What are the advantages/disadvantages of a clear definition? 

23. IF NO: 

a. What is the reason for not having modules a Scania? 

b. Is there any equivalent to modules at Scania? Examples! 

c. If Scania had modules, what could they look like and what could the definition be? Examples! 

d. At what level in the product structure would the module be found? 

e. What would the consequences be if Scania choose to have a definition of a module? 
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24. Is it in your opinion possible to modularize without having modules? 

25. What is the connection between modules and modularization according to you?  

a. Do they belong together?  

b. Why/why not? 

Expressions 

26. What is Scania’s product according to you? 

27. What is a component at Scania according to you? 

a. What is the difference between a component and module according to you? 

28. What is a part at Scania according to you? 

29. What is a variant at Scania according to you? 

30. What is a variant family at Scania according to you? 

31. What is a performance step at Scania according to you? 

32. How would you describe a condition at Scania? 

33. How would you describe validity at Scania? 

34. What is a standardized interface at Scania according to you? 

a. Are there standardized interfaces in Scania’s product structure? 

b. At what level/levels? 

c. Are there different types of interfaces in the product according to you? 

d. When and how often is an interface changed?  

e. What are the consequences of a change? 

Wrap up questions 

35. What are the challenges for Scania in the future regarding modularization? 

a. Which aspects are most critical? 

36. Any last comments?
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APPENDIX 2. EXPRESSIONS FROM SCANIA 
In the description of Scania’s product, recurrent expressions have been identified. Though, the 

expressions seem to have different significance from person to person. Therefore, interviewees 

from different areas have been asked to explain what the expressions mean to them. The 

following section presents different expressions from the perspectives of 12 employees at 

Scania. The words that the employees have been asked to define is; product (see Table 1), 

component (see Table 2), part (see Table 3), variant (see Table 4), variant family (see Table 5), 

performance step (see Table 6) and standardized interface (see Table 7). 

Table 1. Perceptions of the expression “Product”. 

Scania’s product is… 

R&D1 … a service, a transport solution that can be made from the physical product truck. It is 

the whole package, e.g. control of vehicle, how it get wrecked and service. It is also 

engines, which makes the product an energy solutions as well.  

R&D2 … the “bygglåda”, and with that our collected product and service offer.  

R&D3 … trucks, engines and services.  

P1 … transport economy/transport solution, it is the truck together with other services.   

P2 … several things, actually. An amount of modules that practically can be marketed 

separately but also in combination with each other.  

S&M1 … what we offer to our customers. It is a vehicle together with the services around it, 

e.g. repair and maintenance.  

S&M2 … a transport solution (bus and truck) and industrial engines.  

A1 … primarily our three main products; industrial marine engines, truck and bus. But it is 

also services and software etc. 

A2 ... trucks, buses and industrial- and marine engines, but also things like spare part 

catalogues, diagnose programs, tools, driver instructions, education packages and  

PC1 … a truck that the customer is satisfied with, inclusive services. It is not only a truck, it 

is the whole picture.  

S1 … truck, bus or industrial/marine engines. It is also Omni, superstructure for bus.  

S2 … many. It could be a truck tractor, a truck, an engine or services. It could also be a 

service market agreement or funding.  

 

Table 2. Perceptions of the expression “Component”. 

A component at Scania is… 

R&D1 … the physical part of a system.  

R&D2 … something that has a function. It is the common interface towards the surroundings, 

where every performance step in a component series has the same interface towards the 

surrounding. It could consist of one constituent part or several, it is not that important.  

R&D3 … separated into main components and components. E.g. engine is a main component 

that in turn consists of additional components. Components are found on several levels 

all the way down to the smallest constituent part.  
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P1 … a larger functional part of a truck, e.g. rear axle, engine, gearbox. Is located 

somewhere in the middle of the product structure.  

P2 -   

S&M1 … something physical, foremost the larger parts that together creates the big picture of 

the vehicle, e.g. cab, engine, gearbox, axles, frame. One could say that it is a variant 

code that a salesman specifies.  

S&M2 … a physical part that could be both a constituent part or a composition.   

A1 … a part of the product and it does not have to be something physical.  

A2 … a logical constituent part of a product. It is not possible to speak of it as something 

physical, electrical or something else. A component of a kind always has the same 

properties. 

PC1 … the same thing as a module. It depends on who you ask and in which context it is in. 

S1 … a module within software. But in the area of production it is a CU, Component Unit, 

a delivery detail.  

S2 … something that consists of several parts with different characteristics. An part is a 

component as well, because it can be used in several contexts and can do several 

things.  

 

Table 3. Perceptions of the expression “Part”. 

A part at Scania is… 

R&D1 … a physical part on the lowest level in the product structure.  

R&D2 … the part number. A component could have a part number, but it could also be 

several part numbers that is included in a component. Different areas may also have a 

need for different part numbers depending on what to keep track of.  

R&D3 … the same thing as a component.  

P1 … the atomic part of a structure, everything with a part number.  

P2 … something that sublimes a property of a product totally or partly. A part is 

something that is isolated separately, if it is combined with something else it is 

component.  

S&M1 … a constituent part, e.g. a screw, a window or a tire.  

S&M2 … an even more subtle component, a physical part. Often speaks of part numbers in 

structures, so it could also be a module since sometimes there is complete part numbers 

that consists of several things.  

A1 … something physical that could be either a constituent part or several. 

A2 … generally something that has an actually appearance if it is physical, or a portion of 

a programming code if it is software.  

PC1 … a part of a component. One could say that everything that has a part number could 

be described as a part.  

S1 … partly something that is purchased, but they purchased parts could also consist of 

additional parts. 

S2 … not something that is used within software. Once parts within software was 

perceived as parts since it has part numbers, but not anymore.  
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Table 4. Perceptions of the expression “Variant”. 

A variant at Scania is… 

R&D1 … a characteristic that distinguish two parts. It describes differences in characteristics 

and can conform on all levels.  

R&D2 … an assemblage of components that is combined  in different ways. 

R&D3 … is the same thing as a performance step. A component doing the same thing within 

the same variant family, e.g. a front axle. It should carry a load and turn, then there is 

variants of this axle, that will say performance steps regarding what load it should be 

able to carry. So, a variant is something with the same function but different 

performance.  

P1 … a specific component with defined properties of the modules it consists of. Variant 

descriptions exist on all levels, which give a great possibility for combination.  

P2 … a combination of something.  

S&M1 - 

S&M2 … speaks of variant codes, which is a part of a variant family.  

A1 … another composition.  

A2 - 

PC1 … the performance step and the choices we choose to offer. It is also something that is 

needed when describing the product, when there is several alternatives within an area.   

S1 … can be different things, a variant of a truck, a bus or an engine. The variants are 

controlled by variant codes and ECOs. The variant codes are something that controls a 

characteristic, that you have a physical change on a product so it became a variant.  

S2 … a unique execution of something, e.g. within software, when you can build the same 

thing in different ways.  

 

Table 5. Perceptions of the expression “Variant family”. 

A variant family at Scania is… 

R&D1 … collection of characteristics. It describes a characteristic and then executions of 

variants describe how the characteristic shall shine.  

R&D2 - 

R&D3 … all the variants together.  

P1 … a way to make the variety of variants practically manageable. It collects variants 

with common characteristics.  

P2 … a place holder for a number of executions that describes the same characteristic of 

the product.  

S&M1 … a family with different executions of variants. A component could belong to several 

variant families.  

S&M2 … is something that is used to tie our systems together to be able to condition in the 

system. All variant codes belong to a variant family, and the variant code consists of 

the code for the variant family, and the code for which execution in the family it is. 

Variant families only exists on one level, there is no variant families within another 

variant family.  
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A1 … a description of a characteristic of e.g. variants. 

A2 - 

PC1 … a combination of codes. Often performance steps are wanted when it is a variant 

family.  

S1 … is variant types, which is realized with FPCs. Wheel configuration is one example 

of a variant family.  

S2 … our FPCs (Functional Product Characteristics) and variant code register.  

 

Table 6. Perceptions of the expression “Performance step”. 

A performance step at Scania is… 

R&D1 … how a system can vary in characteristics so that the customer and  those who treats 

the truck benefits from it.  

R&D2 … something within the component series, the components that has common 

interfaces. That will say, a component series consists several performance steps of this 

component. By combination of a component with other things, variants are created.  

R&D3 … the same thing as variant. It can be several parameters that vary between different 

performance steps but it is often a specific function that is in focus.  

P1 … nothing that I have a perception of.  

P2 … not spoken of within production.  

S&M1 … for example the different amounts of horsepower for an engine. The performance 

steps are linked to variant codes.  

S&M2 … something that I am not in so much contact with.  

A1 … is something that is increasing the value for the customer, it could be both 

horsepower and quality. If something has a higher performance it could also be 

something that manages to make several things.  

A2 - 

PC1 … the different choice you can make within an area, e.g. different sizes of cabs.   

S1 … something that you choose yourself. A performance step must be valuable, and for 

me it sounds like it always need to be “big, bigger, biggest”. But I question if that is 

linked to performance step, because e.g. when it comes to fuel consumption, a “bigger” 

consumption is not valuable.  

S2 - 

 

Table 7. Perceptions of the expression “Standardized interface”. 

A standardized interface at Scania is… 

R&D1 … an agreement  regarding something that is supposed to connect to something else 

and that does not change in any form.. It could for example be standardized over time, 

e.g. it shall look the same for 10 years.  

R&D2 … or can be both physical or in the space, but it can also be  e.g. heat, temperature, 

pressure etc. Components with the same function, but with different performance steps, 

shall preferably have a standardized interface against their surroundings.  
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R&D3 … something that is where something is transferred between two components. It could 

be two components that is connected to each other or maybe an interface that transfers 

a current or a load.  It is the interaction between components. Examples of interfaces 

are geometrical (the most common), electrical and thermal.   

P1 … some kind of constraint. Standardized interfaces exist on all levels, and if you 

change an interface it would (with a high probability) affect all the levels below. 

Example of types are; physical, geometrical, strength requirements.  

P2 … something that isolated can describe a products content. The interfaces can be 

organizational, where you choose where to make the assembly, or structural if you talk 

about how to describe the product.  

S&M1 … something between systems that speaks to each other. How this communication 

looks is an agreement between the two parties. It could be a format of a file or between 

components that should be assembled.  

S&M2 … something that marks an area in which you have to stay within, related to design. If 

you are getting close to the bounds you have to communicate with the designer the 

interface concerns. 

A1 … interfaces that gives similar expressions in different applications. It could be system 

interfaces, software interfaces, electrical interfaces etc.  

A2 … something that should be described. A hole pattern where something should fit. 

PC1 … agreed geometrics which boundaries you have to keep within. Can be found 

between for example the main components, and then there is strategic interfaces, 

superstructure interfaces etc. Probably there are also other interfaces within production 

regarding tools etc., and within software.  

S1 … for something to have a common attachment or connection.  

S2 … to follow a standard, partly physical but also within software.  
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APPENDIX 3. SURVEY PERFORMED AT SCANIA 

Survey regarding the concept modularization at Scania 

In the following survey, a number of statements regarding modularization at Scania is presented as well as 

general statements regarding the concept. Mark to what extent you agree to the statement according to: 

1 – Completely disagree                   7- Completely agree 

MODULARIZATION 

1 It is important that all employees at Scania have the same perception of 

modularization. 

1 2 3 4 5 6 7 

2 Modularization is associated with reuse. 1 2 3 4 5 6 7 

3 Modularization is a way of thinking. 1 2 3 4 5 6 7 

4 Modularization doesn´t have to be about something physical. 1 2 3 4 5 6 7 

5 An organization can be modularized. 1 2 3 4 5 6 7 

6 Modularization is applicable on software. 1 2 3 4 5 6 7 

7 Modularization is applicable on hardware and software.  1 2 3 4 5 6 7 

8 Misunderstandings occur at Scania due to different perception of 

modularization.  

1 2 3 4 5 6 7 

9 A service can be modularized.  1 2 3 4 5 6 7 

10 Modularization is a way to create variety. 1 2 3 4 5 6 7 

11 Modularization is another word for standardization.  1 2 3 4 5 6 7 

12 There are different degrees of modularization.   1 2 3 4 5 6 7 

13 An IT-system can be modularized.  1 2 3 4 5 6 7 

14 Modularization is applicable on hardware. 1 2 3 4 5 6 7 

15 Modularization is a method.  1 2 3 4 5 6 7 

16 Modularization requires modules. 1 2 3 4 5 6 7 

17 Modularization is only applicable on software. 1 2 3 4 5 6 7 
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18 Modularization facilitates managing of variants.  1 2 3 4 5 6 7 

19 Modularization is only applicable on hardware. 1 2 3 4 5 6 7 

  

Possible comments about modularization:  

 

         

THE TERM MODULE 

20 Employees at Scania use the term module.  1 2 3 4 5 6 7 

21 Modules can be combined in different ways. 1 2 3 4 5 6 7 

22 A module has well-defined interfaces.  1 2 3 4 5 6 7 

23 An IT-system can be built from modules. 1 2 3 4 5 6 7 

24 Each module needs to have its own documentation (specification, drawings 

etc.)  

1 2 3 4 5 6 7 

25 A module is standardized. 1 2 3 4 5 6 7 

26 The connection between module and modularization is strong. 1 2 3 4 5 6 7 

27 A module is a subsystem of a larger system. 1 2 3 4 5 6 7 

28 A module is always something physical. 1 2 3 4 5 6 7 

29 Scania has modules. 1 2 3 4 5 6 7 

30 Defined modules prohibit variety.   1 2 3 4 5 6 7 

31 A module is reusable.  1 2 3 4 5 6 7 

32 Employees at Scania know the definition of a module.  1 2 3 4 5 6 7 

33 Defined modules allow variety. 1 2 3 4 5 6 7 
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34 A module consists of parts.  1 2 3 4 5 6 7 

35 A module has standardized interfaces.  1 2 3 4 5 6 7 

36 A module can describe a set of information. 1 2 3 4 5 6 7 

37 Modules are chosen to benefit company strategy.  1 2 3 4 5 6 7 

38 A module can consist of sub-modules. 1 2 3 4 5 6 7 

39 A module is designed to facilitate assembly. 1 2 3 4 5 6 7 

40 A module is independent. 1 2 3 4 5 6 7 

41 Employees within different functions at Scania have a consistent definition 

of the term module. 

1 2 3 4 5 6 7 

42 A module can be standardized.  1 2 3 4 5 6 7 

43 A module is upgradeable. 1 2 3 4 5 6 7 

44 A module is replaceable. 1 2 3 4 5 6 7 

45 A module is a  ”black box”. 1 2 3 4 5 6 7 

46 There are different kinds of modules, depending on context.  1 2 3 4 5 6 7 

47 The parts of a module cannot have variety of themselves. 1 2 3 4 5 6 7 

48 Modules promote variety.  1 2 3 4 5 6 7 

49 Modules in a system have a strong connection to one another. 1 2 3 4 5 6 7 

50 A module can consist of only one part (part).  1 2 3 4 5 6 7 

51 A module can be found at several levels in a product structure.  1 2 3 4 5 6 7 

52 A module has its own functionality. 1 2 3 4 5 6 7 

53 A module can be something virtual. 1 2 3 4 5 6 7 

54 A module can describe a property. 1 2 3 4 5 6 7 

55 A module can describe an activity. 1 2 3 4 5 6 7 

56 Knowledge about the content of a module is only important for those 

working with that particular module. 

1 2 3 4 5 6 7 
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57 Modules facilitate assembly. 1 2 3 4 5 6 7 

 Possible comments regarding the term module: 

 

 

SCANIA’S PRODUCT STRUCTURE 

58 Scania has a complex product.  1 2 3 4 5 6 7 

59 A component consists of parts. 1 2 3 4 5 6 7 

60 Scania’s main components (cab, chassis, rear axle, front axle, gearbox etc.) 

can be seen as modules. 

1 2 3 4 5 6 7 

61 A component is always something physical. 1 2 3 4 5 6 7 

62 The interfaces in Scania’s product structure are largely standardized.    1 2 3 4 5 6 7 

63 A component has its own functionality 1 2 3 4 5 6 7 

64 The interfaces of Scania’s product are well described.  1 2 3 4 5 6 7 

65 A component is replaceable. 1 2 3 4 5 6 7 

66 A component can be something virtual. 1 2 3 4 5 6 7 

67 A change in one component will largely affect the other components.    1 2 3 4 5 6 7 

68 A component has standardized interfaces. 1 2 3 4 5 6 7 

69 All interfaces in Scania’s product are standardized.. 1 2 3 4 5 6 7 

70 A component is upgradeable. 1 2 3 4 5 6 7 

71 The connection between components in Scania’s product is strong. 1 2 3 4 5 6 7 

72 Scania’s product consists of components. 1 2 3 4 5 6 7 

73 A component is a subsystem of a larger system.  1 2 3 4 5 6 7 
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74 A component is reusable.  1 2 3 4 5 6 7 

75 Scania’s product consists of modules. 1 2 3 4 5 6 7 

76 A module is equal to what Scania calls a component.   1 2 3 4 5 6 7 

77 A component is independent.  1 2 3 4 5 6 7 

78 It’s difficult to make a change in one subsystem whit out affecting another.   1 2 3 4 5 6 7 

79 A component can be found at several levels in the product structure.  1 2 3 4 5 6 7 

 

 Possible comments regarding Scania’s product structure: 
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APPENDIX 8. SURVEY PERFORMED AT VOLKSWAGEN 

Survey regarding the concept modularization at 

Volkswagen 

Mark in which of the following functions your main work tasks are: 

R&D Sales&Market Production Software Aftermarket Product coordination 

In the following survey, a number of statements regarding modularization at Volkswagen is presented as well 

as general statements regarding the concept. Mark to what extent you agree to the statement according to: 

1 – Completely disagree                   7- Completely agree 

MODULARIZATION 

1 It is important that all employees at Volkswagen have the same perception 

of modularization. 

1 2 3 4 5 6 7 

2 Modularization is associated with reuse. 1 2 3 4 5 6 7 

3 Modularization is a way of thinking. 1 2 3 4 5 6 7 

4 Modularization doesn´t have to be about something physical. 1 2 3 4 5 6 7 

5 An organization can be modularized. 1 2 3 4 5 6 7 

6 Modularization is applicable on software. 1 2 3 4 5 6 7 

7 Modularization is applicable on hardware and software.  1 2 3 4 5 6 7 

8 Misunderstandings occur at Volkswagen due to different perception of 

modularization.  

1 2 3 4 5 6 7 

9 A service can be modularized.  1 2 3 4 5 6 7 

10 Modularization is a way to create variety. 1 2 3 4 5 6 7 

11 Modularization is another word for standardization.  1 2 3 4 5 6 7 

12 There are different degrees of modularization.   1 2 3 4 5 6 7 

13 An IT-system can be modularized.  1 2 3 4 5 6 7 

14 Modularization is applicable on hardware. 1 2 3 4 5 6 7 
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15 Modularization is a method.  1 2 3 4 5 6 7 

16 Modularization modules.  1 2 3 4 5 6 7 

17 Modularization is only applicable on software. 1 2 3 4 5 6 7 

18 Modularization facilitates managing of variants.  1 2 3 4 5 6 7 

19 Modularization is only applicable on hardware. 1 2 3 4 5 6 7 

  

Possible comments about modularization:  

 

         

THE TERM MODULE 

20 Employees at Volkswagen use the term module.  1 2 3 4 5 6 7 

21 Modules can be combined in different ways. 1 2 3 4 5 6 7 

22 A module has well-defined interfaces.  1 2 3 4 5 6 7 

23 An IT-system can be built from modules. 1 2 3 4 5 6 7 

24 Each module needs to have its own documentation (specification, drawings 

etc.)  

1 2 3 4 5 6 7 

25 A module is standardized. 1 2 3 4 5 6 7 

26 The connection between module and modularization is strong. 1 2 3 4 5 6 7 

27 A module is a subsystem of a larger system. 1 2 3 4 5 6 7 

28 A module is always something physical. 1 2 3 4 5 6 7 
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29 Volkswagen has modules. 1 2 3 4 5 6 7 

30 Defined modules prohibit variety.   1 2 3 4 5 6 7 

31 A module is reusable.  1 2 3 4 5 6 7 

32 Employees at Volkswagen know the definition of a module.  1 2 3 4 5 6 7 

33 Defined modules allow variety. 1 2 3 4 5 6 7 

34 A module consists of parts.  1 2 3 4 5 6 7 

35 A module has standardized interfaces.  1 2 3 4 5 6 7 

36 A module can describe a set of information. 1 2 3 4 5 6 7 

37 Modules are chosen to benefit company strategy.  1 2 3 4 5 6 7 

38 A module can consist of sub-modules. 1 2 3 4 5 6 7 

39 A module is designed to facilitate assembly. 1 2 3 4 5 6 7 

40 A module is independent. 1 2 3 4 5 6 7 

41 Employees within different functions at Volkswagen have a consistent 

definition of the term module. 

1 2 3 4 5 6 7 

42 A module can be standardized.  1 2 3 4 5 6 7 

43 A module is upgradeable. 1 2 3 4 5 6 7 

44 A module is replaceable. 1 2 3 4 5 6 7 

45 A module is a ”black box”. 1 2 3 4 5 6 7 

46 There are different kinds of modules, depending on context.  1 2 3 4 5 6 7 

47 The parts of a module cannot have variety of themselves. 1 2 3 4 5 6 7 

48 Modules promote variety.  1 2 3 4 5 6 7 

49 Modules in a system have a strong connection to one another. 1 2 3 4 5 6 7 

50 A module can consist of only one part (part).  1 2 3 4 5 6 7 

51 A module can be found at several levels in a product structure.  1 2 3 4 5 6 7 
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52 A module has its own functionality. 1 2 3 4 5 6 7 

53 A module can be something virtual. 1 2 3 4 5 6 7 

54 A module can describe a property. 1 2 3 4 5 6 7 

55 A module can describe an activity. 1 2 3 4 5 6 7 

56 Knowledge about the content of a module is only important for those 

working with that particular module. 

1 2 3 4 5 6 7 

57 Modules facilitate assembly. 1 2 3 4 5 6 7 

  

Possible comments about modules:  
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APPENDIX 9. COMPILATION OF SURVEY AT VOLKSWAGEN 
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